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Regional Variations in Responses of 
Rat GI Tract to Local Anesthetics 


MARTIN F. TANSY' and GERALD GANSE 


Abstract 0 The influence of four local anesthetics (procaine, tetra- 
caine, lidocaine, and oxethazaine) upon acetylcholine-induced 
contraction of isolated segments of the rat GI tract was studied. 
The local anesthetics did not block the response of the stomach 
or colon to acetylcholine, but a reduction of the acetylcholine 
response of the duodenum similar to that seen with procaine was 
more pronounced with oxethazaine. Definite evidence was found 
which points to an anatomically defined specificity of the small 
intestinal motor effect of lidocaine in the rat. 


Keyphrases 0 Anesthetics, local-effect on acetylcholine-induced 
contraction of isolated rat GI tract segments 0 GI motor activity- 
effect of local anesthetics on acetylcholine-induced contraction of 
isolated rat GI tract segments 0 Acetylcholine contractions-effect 
of local anesthetics, rat GI tract 


A number of studies have appeared on the effects of 
general anesthetic agents on various GI functions, 
but fewer studies have been reported regarding the 
action of local anesthetics on the muscular activity of 
the GI tract (1-5). In addition, those studies were only 
concerned with the motor activity of the small intestine, 
while the stomach and colon appear to  have been ne- 
glected. 


Therefore, the purposes of this study were twofold: 
(a) to  determine the effect of directly applied local 
anesthetics to portions of the GI tract other than the 
small intestine, and (b) to determine the effects produced 
by prior direct administration of local anesthetics upon 
the cholinergic motor activity of the bowel. 


EXPERIMENTAL 


Methods-The classical tissue bath technique was selected as the 
most convenient to give the information sought. These experiments 
were performed on male Sprague-Dawley rats, with an average 
weight of 120 g. Each animal was fasted overnight and presented 
with laboratory chow' 15 min. prior to sacrifice. This procedure 
was shown to give a better isolated intestinal preparation (6). 


The animals were sacrificed by cervical dislocation, followed 
quickly by the removal of 2-3-cm. segments of the duodenum, jeju- 
num, ileum, and descending colon. The isolated stomach fundus 
strip preparation was used. In this experimentation the term prox- 
imal duodenum refers to that segment jrrxta the pylorus situated 
between the pyloric ring and entrance of the common bile duct, 
and the term distal duodenum refers to that portion of duodenum 
4-6 cm. from the pyloricvalve. 


The responses of fundal and small and large intestinal segments to 
test drugs were recorded isotonically using a kymograph. The par- 
ticular segments were mounted in parallel in a 50-ml. bath with 
Tyrode's solution. The Tyrode solution was gassed with 95% oxygen 
and 5 %  carbon dioxide and maintained at 38 f 1" by a large, 
thermostatically controlled water bath surrounding the tissue con- 
tainer. The pH of the solution varied between 7.4 and 7.6. Tyrode's 
solution of the following composition was used (%): NaCI, 0.8; 
KC1, 0.02; CaCI,, 0.02; MgCh, 0.01; NaHCOa, 0.1; NaH2P04, 
0.005; and glucose, 0.1. Under these conditions, the spontaneous 
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Figure 1-Rat GI tract: record showing that prior administration of 
procaine inhibits rhe in vitro acetylcholine (Ach) response of the 
duodenum hut not that of the stomach or colon. 


contractions were maximized and the viability of the preparations 
could be maintained for 4 hr. 


The segments were arranged so that longitudinal muscle con- 
tractions were recorded via a modified muscle lever. The free 
proximal portion of the bowel segment was attached to the muscle 
lever, with the distal end fixed to the bottom of the bath. The bowel 
segment was attached by thread in such a manner that it was com- 
pletely submerged in Tyrode's solution, yet it was closed at each end 
so that the lumen was not bathed by the bath solution. This pro- 
cedure ensured that the stimulus would be applied only to the 
serosal surface and that most of the force generated by muscular 
activity would be transmitted to the measuring system. No undue 
tension was applied to  the segments during the mounting procedure. 
The only constant tension placed upon the segment was that of the 
lever which, in turn, was centered on its fulcrum and raised only 
until the attachment was tight enough to transfer the segment's 
movement to the recording stylus. The test segments were allowed 
to equilibrate for at least 10 min. prior to experimentation. Ac- 
climation to the muscle bath environment was determined by con- 
sistency and/or rhythm of contractions. A synchronous timer 
recorded the time in 10-sec. intervals on the same tracing. 


Materials-The following drugs were used: procaine hydro- 
chloride*, tetracaine hydrochloride3, lidocaine hydrochloride4, ox- 
ethazaine hydrochloride6, acetylcholine chloride, and atropine 
sulfatea. The drug dose is specified as the final concentration of active 
base present in the tissue bath. Bowel segments were exposed to the 
action of the local anesthetics for 2 min. unless indicated otherwise 
on the record, Repeated trials were made with each drug in varying 
sequences of application on bowel segments of 46 different rats. 
These procedures were employed to determine if tachyphylaxis 
would be produced by any agent or if the nature of the response 
produced depended on the past history of experimental drug expo- 
sure. 


* Abbott. 
3 Amethocaine hydrochloride (Harvey). 
4 Xylocaine hydrochloride (Astra). 
6 Wyeth. 
6 Sigma. 
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Figure 2- Rat G I  tract: record showing the failure of tetracaiiie to 
block the acetylcholiiie respoiise of the excised stomach, duodenum, 
aiid colon. 


RESULTS AND DISCUSSION 


Gastric Motility -Single muscle segments, taken from the stom- 
achs of 15 rats. showed no spontaneous motor activities. Upon 
treatment with fixed doses of acetylcholinc, these fundal segments 
exhibited tonic contractions of high magnitude. Gastric motility 
was found to  be unchanged by the topical action of the anesthetics 
procaine, tctracaine, Iidocaine, and oxcthazaine. None of the 
anesthetic agents used inhibited the effect of repeated administra- 
tion of acetylcholine on the stomach. The results are shown in 
Figs. 1-5. 


Small Intestinal Motility--In all cases, small intestinal segments 
exhibited spontaneous motility when suspended in Tyrode's solu- 
tion. In all nine trials of the local anesthetic oxethazaine, there was 
some relaxation in the tone of the longitudinal muscle and a reduc- 
tion of the amplitude of the spontaneous contractions. From Figs. 
4 and 5 ,  it may be clearly seen that oxethazaine practically abolished 
spontaneous duodenal activity. Lidocaine in some instances also 
had a depressing effect on spontaneous small bowel contractions 
(Figs. 3 and 6). In sharp contrast, the effect of tetracaine in nine 
trials was to bring about a slightly increased state of contractility 
of the duodenum (Fig. 2). 


Addition of procaine to the excised duodenum in six trials was 
without influence (Fig. 1). However, as shown in F'ig. 1 ,  procaine 
did depress the small intestine's response to acetylcholine. Tetra- 
caine was ineffective in blocking the duodenal response to  acetyl- 
choline (Fig. 2). A reduction of the acetylcholine response of the 
duodenum similar to that seen with procaine was more pronounced 
with oxethazaine (Fig. 4). The extent of the reduction in contractil- 
ity of the duodenum depended on the concentration of the oxetha- 
mine in the bath becoming more pronounced with increasing con- 
centrations (Fig. 5 ) .  Although not depicted, during oxethazaine 
depression the smooth muscle was unable to  contract as strongly as 
the untreated muscle even i f  acetylcholine was given in concentra- 


Figure %Rat G I  tract: record showing the failure of Iidocaine to 
block the acetylcholitie respoiise of the excised stomach and duo- 
detium. 
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Figure &Rat GI tract: record showing that prior administration of a 
low dose of oxethazaine inhibits the in vitro acetylcholine (Ach) re- 
sponse of the duodenum but not that of the stomach or colon. 


tions as great as 0.1 mg. %. After the local anesthetic had been 
washed out, the gut segment failed to regain its original sensitivity 
t o  acetylcholine when challenged repeatedly for at least 10 min. 


When different segments of the rat small intestine were examined. 
lidocaine had opposite effects in different parts of the duodenum of 
the same animal. As illustrated in Figs. 6 and 7, the proximal 
portion of the duodenum exhibited a unanimous relaxation re- 
sponse in 40 trials to a fixed dose of lidocaine, whereas both the 
jejunum and ileum exhibited only a contractile response in all 16 
cases, each to the same dose of the local anesthetic. In Fig. 8 the 
response of the distal duodenum to  1idoc:aine is biphasic, the largest 
portion of this response being the relaxation event. The kymogram 
also reveals that the stirnulatory effect produced by lidocaine upon 
the duodenal and ileal tissues could be completely blocked by prior 
administration of atropine. There was gradually decreasing sensi- 
tivity of this drug from the ileo-caecal valve upward. The stimu- 
lating effect of this drug was more pronounced in the distal part of 
the terminal ileum (Fig. 7). 


Colonic Motility-A total of 16 colonic segments were tested, 
with at  least three segments challenged by each agent. As a rule the 
colon showed rhythmic motility very shortly after it had been 
placed in position in the bath and attached to the recording lever 
(Figs. I ,  2, and 5 ) ,  but occasionally it was necessary to wait up to 
6 min. before a suitable control tracing could be obtained (Fig. 4). 
Regardless, the local anesthetics had minor and seemingly incon- 
sistent effects on the spontaneous motor activities of the colon. 
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Figure 5-Rat G I  tract: record showing that prior administration of 
oxethazaine abolishes the in vitro acetylcholine response of the duo- 
denum but not that of the stomach or colon. 
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Figure 6-Rat small intestine: in vitro responses of the jejunum and 
the proximal portion of the rat duodenum to lidocaine. 


None of the local anesthetics, including lidocaine, blocked the re- 
sponse of the colon to acetylcholine (Figs. 1,2,4, and 5). 


It is significant that in the present worknone of thelocal anesthet- 
ics employed had an excitatory or inhibitory effect on gastric or 
colonic motor activities. Furthermore, these failed to depress the 
response of the stomach or colon to acetylcholine, but procaine and 
oxethazaine did inhibit the response of the duodenum. No ex- 
planation can be given as to why gastric and colonic motility was 
never depressed other than suggest that inasmuch as the stomach and 
colon of the rat are much thicker tissues than the small intestine, it 
is possible that penetration of the tissues by the local anesthetics 
was incomplete. In the case of the colonic muscle strips, the results 
might have been different if the mucosal surfaces had also been 
exposed to the agents, although we know of no reason to suspect 
that this might actually be the case. The results obtained demon- 
strate that procaine and, to a greater extent, oxethazaine antagonized 
the stimulatory action of acetylcholine in the rat small intestine. 
The question whether the antagonistic effect of oxethazaine is due 
to a competitive inhibition or is related to a nonspecific action, as 
is known to be the case with procaine, has not been particularly 
studied. 


The remaining results reported here demonstrate that when dif- 
ferent parts of the small intestine were examined, inhibition by the 
local anesthetic lidocaine was found to occur regularly in the prox- 
imal duodenum while stimulation occurred in the jejunum and 
ileum, so lidocaine had opposite effects in different parts of the 
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Figure &--Rat small intestine: in vitro responses of the ileum and 
distal portion of the rat duodenum to lidocaine and the abolition of 
these responses by atropine. 


same gut. Lidocaine produced a prolonged inhibition of proximal 
duodenal motility and tone, whereas the more transient stimulatory 
effect of lidocaine on the distal duodenum, jejunum, and ileum could 
be blocked by atropine. 


At present, no widely accepted hypothesis has been advanced 
which accounts for this observed difference in the lidocaine re- 
sponse of proximal and distal segments of the rat small intestine, 
other than to  suggest that the predominantly relaxation response of 
the proximal duodenum to lidocaine is related to  the abundance of 
adrenergic innervation, which is more prominent in this region of 
the duodenum. The response of the rat intestine to lidocaine ex- 
hibited a decreasing relaxation event and an increasing contractile 
event with the increasing distance of the tissue from the regions of 
greatest adrenergic innervation. 


The mechanism by which this relaxation event is mediated has 
not been clarified by this investigation. l t  is not possible to deter- 
mine whether the relaxation response to lidocaine is the result of 
the release of endogenous catecholamine or of a direct action of 
this chemical on adrenergic receptors. On the other hand, it has 
been quite definitely established that the contractile events of the 
small intestine do appear to  be mediated by acetylcholine, since 
the lidocaine-induced contractile responses of these segments were 
completely antagonized by atropine. 


In summary, the important point to be noted from these results, 
apart from their general pharmacological significance, is that the 
variable response of the small intestine to lidocaine is an example of 
a caveat which must apply to pharmacological investigation in 
general: that a broad anatomic designation (e.g., small intestine) 
does not always guarantee the reproducibility of results in response 
to  a well-defined stimulus. 
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REVIEWS Hallucinogenic Drugs. By F. CHRISTINE BROWN. Charles C Thomas, 
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154 pp. 16 X 23.5 cm. Price $10.50. 
Pharmacological and psychological properties of the various 


groups of hallucinogenic compounds are discussed. The following 
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hallucinogens. The best known derivatives of each class are given 
and the relationships between compounds of similar and dissimilar 
structures are compared. 
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PA 19103) xxi + 542 pp. 16 X 24.5 cni. 
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the eight collaborating countries has nct been smooth, the publica- 
tion of the second volume of the “European Pharmacopoeia” is a 
significant step, Particular problems that were dealt with while 
preparing this volume were the methods of biological assays, the 
use of reference substances, and the procedure t o  be followed for 
revising monographs. 


The style of presentation remains essentially the same as in the 
first volume; an expanded table of contents has been prepared as 
well as a cumulative index for both volumes. Corrections to the 
first volume are also included. 


While numerous other additions and modifications have been 
made, the obvious importance of this volume is the large number of 
monographs it contains. It is apparent that much of the groundwork 
for common European drug specifications has now been laid. 
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literature on a specialized topic. Particular emphasis will be given 
to the medical, biological, and social consequences stemming from 
the misuse and therapeutic use of drugs. 
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drug interactions as they affect driving, research on drugs and driv- 
ing, and a general discussion and related problems. 
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to a course in medical therapeutics given to  fourth-year medical 
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Measurement of P-Lactamase Activity and 
Rate of Inactivation of Penicillins by a pH-Stat 
Alkalimetric Titration Method 


JOSEPH P. HOU* and JOHN W. POOLE' 


Abstract 0 The pH-stat alkalimetric titration method was shown 
to be applicable and superior to other chemical methods in the 
investigation of 0-lactamase activity as well as in  kinetic studies. 
For both staphylococcal and bacillary p-lactaniases, the pH opti- 
mums depended not only on bacterial strain and temperature but 
also on the substrate. Of all the compounds studied, 6-[2-amino-(3- 
trienyl)acetamidoJpenicillanic acid, 6-[2-( 1 -aminocyclohexyl)acet- 
amidoJpenicillanic acid, ~(2-amino-2-methylpropionamido)peni- 
cillanic acid, and ampicillin were the least stable toward Sruphy/o- 
coccus oiiwus Tex-2 P-lactamase. Penicillin G, yhenoxymethyl 
penicillin, phenethicillin, 6-( 1-amino-3-cyclopentene-1-carboxamid0)- 
penicillanic acid, 6-( 2-amino-2-indancarboxamido)penicillanic acid, 
and carbenicillin were about twice as stable as ampicillin, and 64 f -  
aminocyclopentanecarboxaniido)penicillanic acid, 6-[2-( 1,4-cyclo- 
hexadien-1-yl)acetamido]penicillanic acid, and cyclacillin were 
about four times as stable. N-Sulfonylation of cyclacillin gave a 
product, 6-[l-(2-mes~tylenesulfonam~do)cyclohexatie~drboxam~do]- 
penicillanic acid, that was about 10 times as stable as the parent 
compound. The nature of the penicillin side chain. particularly the 
stereospecificity, plays a significant role in  the stability of this mole- 
cule toward the i.3-lactamases. 


Keyphrases 0 Penicillins--i3-lactamase activity, rate of inactiva- 
tion, pH-stat alkalimetric titration 0 Ampicillin---i.3-lactamase ac- 
tivity, rate of inactivation, pH-stat alkalimetric titration. compared 
to other penicillins 0 Cyclacillin-0-lactamase activity. rate of 
inactivation, pH-stat alkalimetric titration, compared to other 
penicillins 0 p-Lactamase activity, penicillins, ampicillin, cycla- 
cillin-determination, pH-stat alkalimetric titration 0 pH-stat 
alkalimetric titration-measurement of p-lactamase activity, rate 
of inactivation, penicillins 


Penicillin P-lactamases (penicillinases) are bacterial 
enzymes capable of hydrolyzing the 0-lactam ring of 
susceptible penicillins ( I )  to the corresponding bio- 
logically inactive penicilloic acids (11) (Scheme I) (1,2). p- 
Lactamases are distinct from penicillin aniidases, which 
selectively split the side-chain peptide linkage. Similarly, 
another type of bacterial enzyme, the cephalosporin 0- 
lactaniases (or cephalosporinases), hydrolyzes the 
cephalosporins to cephalosporoic acid. The P-lacta- 
mases are produced by a wide variety of microorga- 
nisms, both Gram-positive and Gram-negative, either 
constitutively or as a result of exposure of the micro- 


1 


organism to  an inducing agent such as one of the anti- 
biotics. The growing resistance of many bacteria to  the 
P-lactam antibiotics (Le., to the penicillins and cepha- 
losporins) may be due to  their increasing ability to  
elaborate the 0-lactamases. 


The distribution, activity, and biochemical properties 
of these enzymes were recently reviewed by Pollock 
(3-5), Jack and Richmond (6), Rauenbusch (7), Citri 
and Pollock (8), and Smith et aZ. (9). 


Many chemical methods (10-23) have been used to  
investigate P-lactamase activity and to determine the 
susceptibility of the penicillins and cephalosporins to 
the p-lactamases. Past methods relied heavily on the 
hydroxylamine (1 1-13), iodometric (14, 15), micro- 
iodometric (16), and manometric (17, 18) assays; less 
frequently used methods employed optical rotation 
(19, 20), alkalimetric titration (21-23), and oscillo- 
graphic polarography (10). 


Unfortunately, the manometric (18, 24-32) and hy- 
droxylamine (12, 33-35) assays are tedious and time 
consuming, while the iodometric (14, 15) and revised 
iodometric (16) methods are quite dependent on pH and 
temperature. Moreover, the buffer systems required for 
these assays unavoidably introduce many extraneous 
interactions between enzyme, reagent, and substrate. 
Brief discussions of these methods were given by Citri 
(36) and Hamilton-Miller et al. (37). 


Murtaugh and Levy (21), noting that the P-lactamase 
inactivation of penicillin generates penicilloic acid, a 
product which theoretically should be quantitatively 
neutralizable by a standard base, devised a method for 
determining the purity of a penicillin by alkalimetric 
titration at a constant pH. Patterson and Emery (22) 
and Wise and Twigg (23) reported this type of behavior 
for the Bacillus sribtilis P-lactamase, and Banfield (38) 
studied the B. subrilis P-lactamase kinetics at several 
pH values. In the days when the pH-stat alkalimetric 
titration had to  be carried out by hand, however, it was 
too laborious a procedure and too insensitive for match- 
ing the fast enzyme-catalyzed reactions. 


Various pH-stat titrator systems have now become 
commercially available. These systems make it possible 
to maintain automatically the reaction pH and to record 
simultaneously the rate of addition of the titrant. Sur- 
prisingly, this method has not been widely adopted for 
studies of p-lactamase kinetics, being used only by 
Sabath et al. (32), Citri and Zyk (39), and Kuwabara 
and Abraham (40), and then only partially or in con- 
junction with other chemical and biological methods. 


The authors recently studied the interactions be- 
tween various penicillins and the extracellular B a d -  
Ius cereus B569 and Staphylococcus aureiis Tex-2 f l -  
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lactarnases by a pH-stat alkalimetric titration technique. 
This method was found to  be dependable and usable 
over a wide range of pH, substrate, and enzyme con- 
centrations. The present paper reports: (a)  the applica- 
bility of the pH-stat alkalimetric titration method to  the 
investigation of P-lactamase kinetics, (b)  the pH opti- 
mums of the P-lactarnases from strains of B.  cereiis 
B569 and S .  nureus Tex-2, and ( c )  the relative stability 
of several penicillins toward the staphylococcal 0- 
lactarnases. It is hoped that these studies will shed some 
light on the characteristics of the P-lactamase-catalyzed 
inactivation of the penicillins. 


EXPERIMENTAL 


Penicillins--The following penicillins, all of which are either 
new or established products of the authors' laboratories', were used: 
potassium penicillin G (potassium benzylpenicillin), potassium 
ampicillin. potassium cyclacillin2, potassium phenoxymethyl 
penicillin (potassium penicillin V), potassium phenethicillin [po- 
tassium ( I -ph rnoxye thy l )~n ic i l l i n ] ,  6-(I-aminocyclopentaiiecar- 
boxamido)penicillanic acid3 ( I  I I), 6-[2-( I ,4-cyclohexadien- I -yl)- 
acetamido]penicillanic acid4 (IV), 6-( 2-amino-2-indancarboxamIdo)- 
penicillanic acid (V), 6-( I-amino-3-cyclopentene-I-carboxamido)- 
penicillanic acidG (VI ) ,  6-[2-( 1 -aminocyclohexyl)acetamido]penicil- 
lanic acid ( V  I I ) ,  6-[ I -( 2-mesitylenesulfonamido)cyclohexanecarbox- 
an~ido]penicillanic acid8 (V111). 6-(2-amino-2-methylpropionamid0b 
penicillanic acid9 ( IX) ,  and 6-[2-(2-mesitylenesulfonamido)-2- 
phenylacetaniido]penicillanic acid10 (X). Carbenicillinll and 6-[2- 
amino-( 3-trienyl)acetamido]penicillanic acid12 (XI)  were also used. 


Penicillin B-Lnctamases -S. uureus Tex-2 8-lactamase was ob- 
tained from the supernatant fluid of a fresh broth culture of this 
organisinI3. B. corem B569 6-lactamase was obtained commercially", 


1.4 
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I Wycth 1.aboratorics. 
2 W Y -4508. 
3 WY-7953. 
4 WY-12,955. 
j WY-10.?87. 
6 WY-I 1.911. 
: WY-I4;903. 


9 WY-13.687. 
" WY-13.717. 


1 "  WY-13;968. 
I I  Beechain Laboratories. 
1: BL-P875. Bristol Laboratories. 
1 3  Prepared by the Antibiotic Section, Research Division. Wyeth 


1' Riker Co. 
Laboratories. 
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(5) X l o 3  M 


Figure 2 - E f f k  of sitbstrute concetitrutiotr otr fhc ruff oJ'S. aureus 
Tex-2 8-lucturnase (2.5 writs) itiucfirofiorr oJ' potnssiiitn peiiirillitr G 
U I  p H  7.0 and 25". The iniriol i~elociries wrrc plotrril uguiirsf rhe sub- 
strufe concentrutions. 


and it was dissolved in a dilute (0.1 x) gelatin A USP solution to 
make up the desired strength (activity). The enzyme preparation 
was standardized for each newly prepared sample as described 
in the Kitretics section. No interference due to the presence of gela- 
tin and nutrient broth in the enzyme preparation was observed. 


Kinetics-Rates of hydrolysis were determined by a pH-stat 
technique with the aid of the Radiometer setup, which is com- 
prised of a PHM26 pH meter, a TIT11 automatic titrator, a TTA3 
titration assembly, an SBR2 titragraph, and an A B U l 2  autoburet 
(2.5 ml.). The reaction cell was a water-jacketed vessel through which 
water of the desired temperature (25" except in the effect of tem- 
perature studies) was circulated from a constant-temperature bath 
regulated by a Haacke thermostat (sensitivity 410.1 "). Inserted into 
the reaction vessel was a glass electrode (G 202B or 20ZC). a satu- 
rated calomel reference electrode (GK2301 B). a stirrer. and leads 
for titrant (0.04 N potassium hydroxide solution) and nitrogen gas. 
The nitrogen gas was washed successively with sulfuric acid ( lO> , ) .  
sodium hydroxide (10%) solution, and water before being passed 
in a slow stream over the surface of the reaction mixture. The pro- 
portional band of the Radiometer was set at 0.05. 


The substrate (penicillin) solution was prepared fresh and kept 
cool. A constant volume or the reaction mixture (20 nil.) and a 
constant ionic strength of 0.025 (for certain reactions ) here main- 
tained by adding a suitable amount of water and potassium chlo- 
ride. The reaction was initiated by adding the desired amount 
(about 0.3-4.5 ml.) of the 8-lactamase preparation (usually 2.5 
unitsi5) to the substrate solution in the reaction cell. followed by a 
trace amount of dilute acid or base or enough to obtain a well- 
defined starting point. 


Calculations- The kinetic reaction rate is displayed by the rate of 
titrant consumption with time tinder conditions of constant pH. 
The initial rate (about 30-60% of the entire course ot' reaction) 
was usually followed and recorded. The rate L', in moles rnin.-l, 
was calculated from the following equation: 


N X 2.5 X X 0.05 r =  time in minutes (Eq. I )  


where N is the normality of the titrant (0.04 N KOH), 2.5 is the 
syringe capacity in milliliters. "xi is the percentage of the course of 
reaction chosen for calculation (shown on the titration curve), and 
0.05 is a mole-molar converting factor. 


RESULTS AND DISCUSSION 


Methodology---The pH-stat alkalimetric titration method is 
applicable and dependable Tor fl-lactaniase (penicillinase) studies 
and is particularly useful in obtaining the enzyme kinetic parameters. 
It  is superior to other chemical methods since i t :  ( a )  promptly 
determines the activity of the 0-lactamase preparation. ( h )  directly 
and quantitatively measures the /3-lactamase susceptibility of the 
new penicillin from the rate of penicilloic acid formation. (c )  is 
devoid of the interference introduced in other methods by reagents 


16 The unit of activity of p-lactaniase is defined as that amount of 
enzyme which will hydrolyze 1.0 prnole of potassium penicillin G in 
1 min. at 25" and pH 7.0 (butfcr frcc). 
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Table I-pH Optimum of 8-Lactamase Activity as a Function of Substrate, pH, Buffer, and Temperature 


100 - 
90 - 
80 - * 
7 0 -  


2_ 
F 6 0 -  
0 a 
w 50 - cn 
6 5 4 0 -  
t 
2 3 0 -  


20 - 
10 - 


c - 


i 


Enzyme Preparation Substrate Assay Conditions pH Optimum References 


S. uureus Tex-2 
(culture supernate) 


B. cereus B569 
(purified) 


S. uureus BRL 


S. uureus 
(culture supernate) 


S .  arcreus 
(purified) 


S. uureus 147 
(purified) 


B. cereus NRRL-B569 
B. cereus 569/H 


Penicillin G 
Phenoxymethyl penicillin 
Phenethicillin 
Compound 1V 
Ampicillin 
Cyclacillin 
Compound I11 
Ampicillin 
Penicillin G 
Ampicillin 
Penicillin G 


Penicillin G 
6-APA 


Penicillin G 


Penicillin G 


Penicillin G 
Penicillin G 


6-APA 


6-APA 


pH-stat, 25" 
pH-stat, 25" 
pH-stat, 25" 
pH-stat, 25" 
pH-stat, 25' 
pH-stat, 25" 
pH-stat, 25" 
pH-stat, 37" 
pH-stat, 25" 
pH-stat, 25" 
Hydroxylamine, 37 ' 
0.5 M phosphate buffer 
Iodometric, 30" 
0 . 1  M sodium citrate 
0 . 2  M sodium phosphate 
Iodometric, 30" 
0.1 M NatHPOa-NaHzPOa 
0.1 M tromethamine-HCI 
Iodine-starch, 25' 
Iodine-starch 
Manometric, 36" 
Hydroxylamine, 37" 
0 .5  M phosphate buffer 


6 . 8  
6 . 8  
6 . 8  
6 .8  
6 . 4  
5 .8  
5 .8  
6 . 2  
6 .4  
6 .2  


6.5-7.5 
5 .5  
5 . 8  


5.9 
7.0 
6 . 2  
7.2 
7.2 
7 .O 
5 . 5  


Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 


42 


16 


41 


43 


17 
42 


and buffer species, and (d )  saves time. To study enzyme activity, a 
standard substrate (i.e., a pure penicillin such as potassium peni- 
cillin G) has to be used. T o  assay the purity of a penicillin, on the 
other hand, a standard p-lactamase preparation of known activity 
is required. 


Experience has shown that the exact strength of an enzyme prep- 
aration is. above all, the most important consideration and that 
any deviation in Its activity or strength during the experiments can 
lead to serious error. The enzyme preparations used in the present 
studies were freshly prepared and standardized, and no drastic loss 
in activity was observed within 3 days if they were kept cold. 


Dependence of Velocity of Reaction on Enzyme or Substrate Con- 
centration-When reactions were run with different units of 0- 
lactamase and the substrate (penicillin) concentration was held 
constant, the rate of reaction was shown to be proportional to the 
enzyme concentration over a wide range. Figure 1 shows that a t  
pH 7.0 and 25", potassium penicillin G (100 pmoles) was inactivated 
completely in 2.5, 5 ,  10, 20, and 40 min. by 40, 20, 10, 5, and 2.5 
units, respectively, of B. cereus B569 6-lactamase. Under the same 
conditions, identical results were obtained for the same substrate 
interacting with the 0-lactamase from a strain of S. nitreus Tex-2. 


O I  
5.0 6.0 7 .O 8.0 9.0 


PH 


Figure 3-S. aureus Tes-2 0-lactamuse (2.5 units) activity us u 
jioittiori of p H  aiirl substrate specificity. The p H  optimums were 
showri to he 5.8, 6.4. arid 6.8 for tlie iiiteractioii with cyrlacilliri, 
ronpicillirr, u~idpenicilliri G ,  respecticely, at 25". 


As a matter of fact, the enzyme activity (units) of different enzyme 
preparations was standardized by using potassium penicillin G as the 
substrate. 


On the other hand, S. uureus Tex-2 p-lactamase (2.5 units) inter- 
acted with a wide range of concentrations (2-12 X loe3 M )  of 
either potassium penicillin G or ampicillin a t  pH 7.0 and 25 ', giving 
a hyperbola-type curve when the initial rate was plotted against the 
substrate concentration. Figure 2 depicts the conventional Mi- 
chaelis-type plot of penicillin G in which the initial rate varies from 
first order (at relatively low substrate concentration) to a pseudo- 
zero-order reaction (at high substrate concentration). At about 10 X 
10-3 M ,  it seems that virtually all of the enzyme has been saturated 
with the substrate. From this type of plot, a rather low Michaelis 
constant (Km) of about 30 p M  was obtained for penicillin G, com- 
pared with about 700 p M  for ampicillin. 


pH-Activity Profile-The effect of pH on the p-lactamase ac- 
tivity was investigated by allowing 2.5 units of S. nureus Tex-2 
0-lactamase to interact with 100 #moles each of penicillin G, phen- 
oxymethyl penicillin, phenethicillin, ampicillin, cyclacillin, and 
Compounds 111, IV, and XI. In each case, a bell-shaped pH- 
activity profile was obtained, although the pH optimum varied 
drastically in accordance with the substrate. With penicillin G, 
phenoxymethyl penicillin, and phenethicillin, which have an  aryl 
or aryloxy side chain, a pH optimum of 6.8 was obtained a t  25". 


5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 
PH 


Figure 4 - B .  cereus BS69 0-loctamase acticity us a furirtiori of p H  
and substrate specificity. The p H  opfim~irns were shown to be 6.2 
arid 6.4 .for iriteractioris with ampicilli/i arid periicilliri G, respectioely , 
(it 25 O. 
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Figure 5-Stuphylococcal 0-lactamase (2.5 utzits) inactivation at pH 
7.0 utid 25" y / '  unzpicillbi, phenoxymethyl penicilliti (penicillitz V ) ,  
petiicillit~ G ,  curbetiicilh, Compound IV,  cyclacilliti, arid Compound 
Vl l l  (p-lactamuse, 5.0 utiits). 


With ampicillin, on the other hand, which carries a charged (polar) 
amino group on the aryl side chain, the pH optimum shifted to  6.4, 
while cyclacillin and Compound I11 had a pH optimum of 5.8. 
Figure 3 depicts the pH-activity profiles for the interactions of the 
S. uureus Tex-2 enzymes with the three different types of penicillin. 


The optimum activity of B. cereus B569 was also found to vary 
with the substrate. As shown in Fig. 4, the pH optimums a t  25" 
were 6.6 and 6.2 when penicillin G and ampicillin, respectively, 
were the substrates. 


If the pH optimum of a 6-lactamase is controlled primarily by the 
ionization of a key (such as an amino) group of the p-lactamase- 
substrate complex or simply by an active site of the enzyme, then 
environmental factors such as temperature, ionic strength, and 
dielectric constant of the medium must certainly play an important 
role. The pH optimum for the S .  aureus Tex-2 6-lactamase-catalyzed 
hydrolysis of ampicillin was shifted from 6.4 t o  6.2 when the tem- 
perature was raised from 25 t o  37". On the other hand, Richmond 
(41) demonstrated that the pH optimum of a 6-lactamase varies 
with the composition of the buffer. 


Although earlier studies (7, 8,  20) showed that the pH optimum 
of a 0-lactamase varies with respect t o  the species of bacteria as 
well as the enzyme preparation, little was known regarding the 
substrate dependence. Table I presents the pH optimums obtained 
in the present studies for several /3-lactamases as well as those re- 
ported in the literature. The observed pH optimums varied dras- 
tically with the substrate, indicating that different types of enzyme- 
substrate complexes may be formed, depending on the nature of the 
penicillin side chain. Furthermore, the electronic status and possibly 
the stereospecificity of the side-chain group of a penicillin molecule 
may determine not only the rate of hydrolysis but also the partic- 
ular pH at which the /3-lactamase inactivation proceeds a t  maximum 
speed. 


p-Lactamase Inactivation of Penicillins I n  Vitro and I n  Vivo- 
Despite the drastically different pH optimums of these penicillins, 
their iri riro stability toward p-lactamase should be comparable 
to their relative iri citro stability at  neutral pH. As shown in Fig. 5, 
ampicillin was completely inactivated in about 20 rnin., penicillin 
G and phenoxymethyl penicillin in about 3 6 4 0  rnin., and carbeni- 
cillin and Compound 1V in about 60 rnin., while cyclacillin was 
only 50;): inactivated in 36 min. by 2.5 units of S. atireus Tex-2 
/3-lactamase a t  pH 7.0 and 25". Among the susceptible penicillins 
investigated under these conditions, ampicillin and Compounds 
V11, IX, and XI were the least stable, with half-lives ranging from 
8 to 12 min. Penicillin G, phenoxymethyl penicillin, phenethicillin, 
Compounds V and VI, and carbenicillin were intermediate in sta- 
bility, with half-lives of about 20-25 min. Cyclacillin and Com- 
pounds 111 and IV were the most enzyme-resistant compounds, 
with half-lives of about 30-35 rnin., thus being nearly 1.5 times more 
stable than penicillin G and about four times more stable than 
ampicillin. Compound VIII, the N-sulfonyl derivative of cyclacillin, 
was about 10 times more stable than the parent compound (cycla- 


Table 11-Staphylococcus uureus p-Lactamase Inactivation of 
Several Penicillins a t  p H  7.0 and 25" 


H C O N H f i S  
0 CO,H 


Approxi- 
mate 


Num- I -Penicillin -- Half-Life, 
ber Name . Side-Chain Structure, R min. 


1 VIII 


3 IV 


4 111 


5 v  


6 VI 


30-32 


25-26 


22-23 


20-2 1 


7 Phenethicillin D 0 - y -  22 
CH 


8 Carbenicillin @y- 
CO,H 


9 Penicillin G @,HA- 


21 


20 


18 10 Phenoxymethyl 
penicillin 


11 x 


CH 
\ 
/ 


CH 
12 IX NH.-C'- 


1 3  XI ppF"- 
S NH, 


14 VII @CH- 
NH. 


15 Ampicillin e7H- 
NH, 


Cd 


11-12 


9-10 


8-9 


8-9 


cillin), while Compound X ,  the corresponding derivative of am- 
picillin, showed no such increase (not shown). The results obtained 
with B. cereus p-lactamase were similar. Table I1 shows the relative 
in oitro stability (in terms of half-life) of 15 penicillins toward S. 
aureus Tex-2 /3-lactamase (2.5 units) at  pH 7.0 and 25". 


Although the zwitterionic nature of ampicillin, Compound XI,  
and possibly other a-aminopenicillins gives them their broad anti- 
microbial activity, it also makes them more susceptible toward the 
/3-lactamases. However, compounds containing an aminoalicyclic 
side chain directly connected to the penicillin peptide linkage (Com- 
pound 111 and cyclacillin) were more stable toward p-lactamase 
compared to  the a-aminopenicillins. This may be due to  the steric 
effect of the alicyclic side chain which seems to  be enhanced by 
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N-substitution as in Compound VIII. In fact, the steric effect has 
been proven essential for P-lactamase resistance (44). Thus, under 
the same conditions, the rate of hydrolysis of methicillin, oxacillin, 
cloxacillin, dicloxacillin, nafcillin, quinacillin, and diphenicillin 
was too slow to be detectable by a pH-stat method at room tem- 
perature, even when the amount of p-lactamase was increased by 
fivefold. 


Although ampicillin (45, 46) and Compound XI (47) are among 
the most potent, most acid stable, best absorbed orally, and least 
serum bound of all the broad spectrum P-lactam antibiotics known 
today, they are both extremely susceptible to penicillinase. The 
resistance to  ampicillin developed by strains of S. nureus i s  invari- 
ably associated with the formation of an inactivating P-lactamase 
(46). 


The fact that cyclacillin is more resistant to  staphylococcal p- 
lactamase than ampicillin was previously reported by Rosenman 
e f  ul. (48). In mice, cyclacillin and Compound 111 were both as ef- 
fective as nafcillin against a penicillin G-resistant strain of S. aureus, 
while ampicillin and penicillin G were inactive (49). The higher 
staphylococcal penicillinase stability of cyclacillin and Compound 
111 demonstrated in the present i l l  Gifro studies correlates well with 
that previously reported in in vivo studies. 
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Mass Spectrometric Identification of Methylxanthines and 
Methyluric Acids, the Possible Metabolites of Caffeine 


G .  S. RAO*., K .  L. KHANNAt, and H. H. CORNISH1 


Abstract fl A rapid and direct mass spectrometric method for the 
identification of caffeine and its 15 possible metabolites formulated 
as tri-, di-, and monomethyl derivatives of xanthine and uric acid 
is described. With the exception of uric acid and its 7-methyl deriva- 
tive, the molecular ion itself was found to be the base peak in the 
mass spectra of all of the compounds studied. Fragmentation 
mechanisms,along with therelative intensitiesof the major fragments 
and data on metastable ions useful in the identification of these 
compounds, are reported. 


Keyphrases Caffeine metabolites, possible-mass spectrometric 
identification of methylxanthines and methyluric acids 0 Methyl- 
uric acids-mass spectrometric identification, possible metabolites 
of caffeine 0 Methylxanthines-mass spectrometric identification, 
possible metabolites of caffeine 0 Mass spectroscopy-identifica- 
tion of methylxanthines and methyluric acids as possible rnetabo- 
lites of caffeine 


The versatility of mass spectrometric techniques in 
the identification of trace quantities of drugs and drug 
metabolites is well recognized (1-4). As a part of studies 
on caffeine metabolism (5 ) ,  the mass spectrometric 
identification of caffeine metabolites was investigated, 
and this paper describes the procedure for the identifica- 
tion of caffeine and its 15 possible metabolites contain- 
ing an intact purine ring. Since N-dealkylation is a com- 


mon metabolic reaction, the mass spectrometric be- 
havior was studied of all possible tri-, di-, and mono- 
methyl derivatives of xanthine and uric acid as well as 
the two parent compounds. Of these 16 compounds, 
caffeine, theobromine, theophylline, xanthine, and uric 
acid were previously subjected to mass spectrometric 
studies (6-9). 


RESULTS AND DISCUSSION 


Due to the presence of heteroaromatic rings, purine derivatives 
generally form highly stabilized molecular ions under electron im- 
pact. All the methylxanthines and meihyluric acids studied were 
found to exhibit intense molecular ions in their mass spectra; with 
the exception of uric acid and its 7-methyl derivative, the molecular 
ion itself was the base peak in all of the spectra. Tables I and I1 list 
the major peaks observed in the mass spectra of the 16 compounds 
studied. Schemes 1-111 describe the proposed fragmentation path- 
ways leading to  the various peaks seen in the spectra. The suggested 
fragmentation steps are supported by the presence of requisite 
metastable ions in the spectra of all the compounds examined and 
these are listed in Tables 111 and IV. 


The results are in good agreement with the earlier mass spectral 
studies (&9) on caffeine, theobromine, 1 heophylline, xanthine, and 
uric acid derivatives (Schemes 1-111). A molecule of either methyl- 
isocyanate or isocyanic acid is first expelled from the molecular 
radical ions (a  and d) ,  depending upon the presence or absence of the 


nt 


R’ 
a 


O+ 
111 


R R 
b 


Sckenie I 
C 
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Table I-Mass Spectra of Xanthine Derivatives 


probe 
Tem- 
per- Molec- I Major Peaks, m/e (Relative Intensity) 


Num- a- ular Base 
ber Compound ture Weight Peak 1 2 3 4 5 6 7 8 9 10 


I 


11 


111 


IV 


V 


VI 


VII 


VlII 


Caffeine 


Theobromine 


Paraxanthine 


Theophylline 


I -.Methylxanthine 


3-Methylxant hine 


7- Methylxanthine 


Xant hine 


(1,3,7-Trimethylxanthine) 


(3,7-Dimethylxanthine) 


(1,7-Dimethylxanthine) 


(1,3-Dimethylxanthine) 


30" 194 194 


30" 180 180 


30" 180 180 


30" 180 180 


40" 166 166 


40" 166 166 


40"  166 166 


40" 152 152 


109 
(56) 


55 
(38) 
43 


(37) 
123 


(47) 
68 


(44) 


67 


109 
(34) 


(29) 
82 


(23) 
55 


(64) 
53 


(24) 
43 


(22) 
109 
(67) 


81 
(20) 
53 95 


(38) 
123 
(45) 
109 
(75) 


95 
(8) 


Table TI-Mass Spectra of Uric Acid Derivatives 


Probe 
Tem- Molec- I -- Major Peaks, m/e (Relative Intensity)----- - 


Num- pera- ular Base 
ber Compound ture Weight Peak 1 2 3 4 5 6 7 8 9 10 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 
XVI 


1,3,7-Trimethyluric acid 


I ,3-Dimethyluric acid 


I ,7-Dirnethyluric acid 


3,7-Dimethyluric acid 


I-Methyluric acid 


3-Methyluric acid 


7-Methyluric acid 


Uric acid 


40" 


40" 


45 a 


45" 


130" 


90 O 


100" 


210" 


210 210 82 
(76) 


196 196 68 
(80) 


196 196 68 
(70) 


55  
(17) 


82 
(28) 
I53 


139 
(25) 


53 
(20) 


55 


153 
(16) . .  


196 196 82 
(72) 


182 182 54 
(63) 


68 
(38) 


125 
(36) 


182 182 68 
(60) 


54 
(35) 


182 68 182 
(95) 


168 54 125 
(97) 


Table ITI-Metastable Ions Present in Mass Spectra of Xanthine Derivatives 
~~ ~ 


Number Compound Transit ion Calculated m* Found m* Fragment Expelled 


I 


I1 


Caffeine 


Theobromine 


I37 -. 109 
I09 4 82 
180 -. 137 
137 + 109 
109 -. 82 
180 -+ 123 
123 -+ 95 
95 + 68 


86.7 
61 .6  


86.6 
61 .5  


104.5 
86.6 
61.5 
84 .2  
73.5 
48 .5  


Carbon monoxide 
Hydrogen cyanide 
Isocyanic acid 
Carbon monoxide 
Hydrogen cyanide 
Methylisocyanate 
Carbon monoxide 
Hydrogen cyanide 
Methylisocyanate 
Carbon monoxide 
Hydrogen cyanide 
Methylisocyanate 
Carbon monoxide 
Isocyanic acid 
Carbon monoxide 
Hydrogen cyanide 
Isocyanic acid 
Carbon monoxide 
Hydrogen cyanide 
lsocyanic acid 
Carbon monoxide 


104.2 
86 .7  
61.6 


Paraxanthine 111 84 .0  
73.4 
48.7 


IV Theophylline 180 + 123 
123 -. 95 
95 + 68 


84 .0  
73.4 
48 .7  


84 .3  
73.5 
48.6 


V 


VI 


1 -Methylxanthine 


3- Met h ylxant hine 


166 4 109 
109 -. 81 
166 -+ 123 
123 -. 95 
95 --c 68 


166 - 123 
123 -. 95 
95 -. 68 


152 109 
109 + 81 


71.6 
60.1 


71 .5  
60.0 


91 .2  
73 .4  
48.7 


91 .5  
73 .5  
48.8 


VII 7-Methylxanthine 91.2 
73.4 
48.7 


91 .2  
73 .4  
48 .7  


VIlI  Xanthine 78 .2  
60.1 


78.2 
6 0 . 0  
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Table IV-Metastable Ions Present in Mass Spectra of Uric Acid Derivatives 


s .LYR 
I 
R 


c 


Number Compound Transit ion Calculated m* Found m* Fragment Expelled 


when both R=CH, 


$,CHI 


N - L N  +. I - CII,=C=N--CHJ 


CH.5 m/e 55 
R 


m/e 82 


when one R=CHJ 


~ 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 
XVI 


1,3,7-Trimethyluric acid 


1,3-Dimethyluric acid 


1,7-Dimethyluric acid 


3,7-Dimethyluric acid 


1-Methyluric acid 


3-Methyluric acid 


7-Methyluric acid 


Uric acid 


210 + 153 
153 + 125 
196 + 139 
139 -c 111 
111 + 83 
1% + 153 
196 + 139 
139 + 111 
196 --L 153 
153 -c 125 
182 + 139 
182 -c 125 
125 + 97 
182 + 139 
139 + 111 
182 + 139 
139 + 111 
168 + 125 
125 + 97 


111.4 
102.1 
98.6 
88.6 
62.1 


119.4 
98.6 
88.6 


119.4 
102.1 
106.1 
85.9 
75.2 


106.1 
88.6 


106.1 
88.6 
93.0 
75.2 


111.5 
102.5 
98.5 
88.8 
62.5 


119.5 
98.5 
88.8 


119.5 
102.2 
106.2 
85.7 
75.3 


106.2 
88.5 


106.2 
88.8 
93.2 
75.3 


Methylisocyanate 
Carbon monoxide 
Methylisocyanate 
Carbon monoxide 
Carbon monoxide 
Isocyanic acid 
Met hylisocyana te 
Carbon monoxide 
Isocyanic acid 
Carbon monoxide 
Isocyanic acid 
Methylisocyanate 
Carbon monoxide 
Isocyanic acid 
Carbon monoxide 
Isocyanic acid 
Carbon monoxide 
Isocyanic acid 
Carbon monoxide 


o+ 


I I A  m* 


Ii 
d 


e f 
Scheme I1 


k 
f 


mle 4 h 
m/e 68 


when both R=H 
+. 


HN=C==C=h’H 
L 


1 


m/e 54 


Scheme III  


1-N-methyl substituent, which is followed by the elimination of a 
molecule of carbon monoxide. The resulting radical ion c in the 
methylxanthine series then loses a mcilecule of hydrogen cyanide, 
while the analogous radical ion f from the methyluric acid deriva- 
tives expels a molecule of isocyanic acid. The nature of the frag- 
mentation products resulting from the radical ions c andfis dictated 
by the number of N-methyl substituents present; the species forrnu- 
lated as g, h, and i are formed depending upon whether the frag- 
menting radical ion is di-N-rnethylated, mono-N-methylated, or 
unsubstituted. 


Thus, mass spectrometry is a convenient and rapid method for 
the identification of caffeine and its possible metabolites formulated 
as methylated xanthine and uric acid derivatives. Furthermore, 
microgram quantities of these compounds isolated from biological 
materials by TLC as single bands (5) could be directly identified by 
mass spectrometry without derivatization or additional purification. 


The major mass spectral fragment peaks and their relative in- 
tensities useful in the identification of the 16 compounds studied are 
given in Tables I and 11. The metastable ions in the mass spectra 
(Tables 111 and IV) provide additional data in support of the identi- 
fication made on the basis of fragmentation peaks and molecular 
ions. 


EXPERIMENTAL. 


All mass spectra were recorded on a. GC-mass spectrometer’ at 
70 ev. electron beam voltage. Solid samples were introduced into 
the ionizing chamber with the aid of a direct insertion probe. The 
probe was heated to vaporize the solid samples, and mass spectra 
were recorded at  the appropriate temperaturez (Tables I and 11) 
when the sample ions began to appear as indicated by the total ion- 
current detector. The source was maintained at 290”. 
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Abstract 0 A phytochemical investigation of an ethanolic extract 
of the stems and leaves of Cocculirs carolinus D.C. (Menispermaceae) 
resulted in the isolation and characterization of six compounds : 
the cyclitols, (+)-quercitol and (-)-viburnitol; thelactone, loliolide; 
and the alkaloids, sinoacutine, magnoflorine, and palmatine. In 
each case, the identity of the constituent was confirmed by spectral 
and mixed melting-point comparison with authentic samples. 


Key phrases 0 Cocculus carolinus D.C. ( Menispermaceae)-isola- 
tion and identification of chemical constituents (+)-Quercitol- 
isolated and identified from Cocculus carolinus D.C. 0 (-)-Viburni- 
tol-isolated and identified from Cocculus carolinus D.C. 0 Lolio- 
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0 Magnoflorine-isolated and identified from Cocculus carolinus 
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D.C. 


Cocculus carolinus D.C., a species native to  the south- 
eastern United States, belongs to  a family (Menisper- 
maceae) from which over 99 alkaloid constituents have 
been isolated (1). In a preliminary phytochemical study, 
Wall et al. (2) indicated the presence of alkaloids in the 
leaves of this species. Thus, a systematic phytochemical 
investigation was initiated on this species. 


An ethanol extract of the stems and leaves was frac- 
tionated into nonquaternary alkaloids (phenolic and 
nonphenolic), quaternary alkaloids, and acid-neutral 
fractions. On concentration of the ethanolic extract, a 
crystalline mixture deposited. Column chromatography 
of this material on cellulose resulted in the isolation and 
identification of the cyclitols, (+)-quercitol and (-)- 
viburnitol. (+)-Quercitol has been previously isolated 
from several other members of the Menispermaceae: 
C. trilobus D.C. and C. laurifolius D.C. (3), Legnephora 
moorei Mien (4), Cissampelos pareira L. (5 ) ,  and Tilia- 
Cora rucemosa Colebr. (6). (-)-Viburnitol has been 
isolated from several plant families, including two mem- 


bers of the Menispermaceae: Stephaniu hernundijiolia 
Walp. (7) and Menispermum canadense L. (8). 


Chromatography of the nonquaternary nonphenolic 
alkaloid fraction resulted in the isolation and characteri- 
zation of the nonalkaloid, loliolide (I). Loliolide was 


HO bo 
0 


I n 
first isolated in 1964 by Hodges and Porte (9) from an 
ether extract of Lolium perenne L. (Graminae). In that 
same year, Wada and Satoh (10) obtained this same 
compound from the leaves of Digitalis purpurea L. 
(Scrophulariaceae). In 1969, Pailer and Haschke- 
Hofmeister (1 1) isolated loliolide from Plantago major 
L. (Plantaginaceae). This is the first reported occurrence 
of this compound in the Menispermaceae. 


Chromatography of the nonquaternary phenolic 
alkaloid fraction resulted in the isolation and identifi- 
cation of sinoacutine (11). This alkaloid was first isolated 
from the Chinese drug “Ching-feng-teng,” Sinomenium 
acutum Rehd et Wils. (Menispermaceae) (12). Sinoacu- 
tine has since been isolated from three other species: 
Cussytha pubescens R.Br. (Lauraceae) (1 3), Croton 
flavens L. (Euphorbiaceae) (14), and Corydalis pallida 
var. tenuis (Fumariaceae) (15). This is the first reported 
occurrence of this alkaloid in the genus Cocculus. 


Ion-exchange and adsorption chromatography of the 
quaternary alkaloid fraction resulted in the isolation 
and identification of magnoflorine and palmatine. 
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Abstract 0 A phytochemical investigation of an ethanolic extract 
of the stems and leaves of Cocculirs carolinus D.C. (Menispermaceae) 
resulted in the isolation and characterization of six compounds : 
the cyclitols, (+)-quercitol and (-)-viburnitol; thelactone, loliolide; 
and the alkaloids, sinoacutine, magnoflorine, and palmatine. In 
each case, the identity of the constituent was confirmed by spectral 
and mixed melting-point comparison with authentic samples. 


Key phrases 0 Cocculus carolinus D.C. ( Menispermaceae)-isola- 
tion and identification of chemical constituents (+)-Quercitol- 
isolated and identified from Cocculus carolinus D.C. 0 (-)-Viburni- 
tol-isolated and identified from Cocculus carolinus D.C. 0 Lolio- 
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Sinoacutine-isolated and identified from Cocculus carolinus D.C. 
0 Magnoflorine-isolated and identified from Cocculus carolinus 
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D.C. 


Cocculus carolinus D.C., a species native to  the south- 
eastern United States, belongs to  a family (Menisper- 
maceae) from which over 99 alkaloid constituents have 
been isolated (1). In a preliminary phytochemical study, 
Wall et al. (2) indicated the presence of alkaloids in the 
leaves of this species. Thus, a systematic phytochemical 
investigation was initiated on this species. 


An ethanol extract of the stems and leaves was frac- 
tionated into nonquaternary alkaloids (phenolic and 
nonphenolic), quaternary alkaloids, and acid-neutral 
fractions. On concentration of the ethanolic extract, a 
crystalline mixture deposited. Column chromatography 
of this material on cellulose resulted in the isolation and 
identification of the cyclitols, (+)-quercitol and (-)- 
viburnitol. (+)-Quercitol has been previously isolated 
from several other members of the Menispermaceae: 
C. trilobus D.C. and C. laurifolius D.C. (3), Legnephora 
moorei Mien (4), Cissampelos pareira L. (5 ) ,  and Tilia- 
Cora rucemosa Colebr. (6). (-)-Viburnitol has been 
isolated from several plant families, including two mem- 


bers of the Menispermaceae: Stephaniu hernundijiolia 
Walp. (7) and Menispermum canadense L. (8). 


Chromatography of the nonquaternary nonphenolic 
alkaloid fraction resulted in the isolation and characteri- 
zation of the nonalkaloid, loliolide (I). Loliolide was 


HO bo 
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I n 
first isolated in 1964 by Hodges and Porte (9) from an 
ether extract of Lolium perenne L. (Graminae). In that 
same year, Wada and Satoh (10) obtained this same 
compound from the leaves of Digitalis purpurea L. 
(Scrophulariaceae). In 1969, Pailer and Haschke- 
Hofmeister (1 1) isolated loliolide from Plantago major 
L. (Plantaginaceae). This is the first reported occurrence 
of this compound in the Menispermaceae. 


Chromatography of the nonquaternary phenolic 
alkaloid fraction resulted in the isolation and identifi- 
cation of sinoacutine (11). This alkaloid was first isolated 
from the Chinese drug “Ching-feng-teng,” Sinomenium 
acutum Rehd et Wils. (Menispermaceae) (12). Sinoacu- 
tine has since been isolated from three other species: 
Cussytha pubescens R.Br. (Lauraceae) (1 3), Croton 
flavens L. (Euphorbiaceae) (14), and Corydalis pallida 
var. tenuis (Fumariaceae) (15). This is the first reported 
occurrence of this alkaloid in the genus Cocculus. 


Ion-exchange and adsorption chromatography of the 
quaternary alkaloid fraction resulted in the isolation 
and identification of magnoflorine and palmatine. 
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Magnoflorine has been found in several members of the 
Menispermaceae, including Sinomenium acutum Rehd et 
Wils. (16) and two members of the genus Cocculus: C. 
laurifolius D.C. (17) and C. trilobus D.C. (18). Palmatine 
was first isolated from columba root, Jatrorrhizapalmata 
Miers (Menispermaceae). It has since been found in 
other members of this family, including Stephania glabra 
Miers (19) and C. leabae D.C. (20). 


EXPERIMENTAL' 


Plant Material-Stems and leaves of C. caroliticrs D.C. (Meni- 
spermaceae) were used in this study2. 


Extraction-Air-dried ground stems and leaves of C .  caroliizrrs 
D.C. (9.25 kg.) were percolated at  room temperature with a total of 
203 I. of ethanol. The extract was evaporated, in uucuo, at 40" to 
leave a green-black syrup (1.25 kg.). During the concentration, a 
white crystalline material precipitated (53.4 g.). TLC on precoated 
cellulose plates3, using a solvent system of acetone-water (4: 1) and 
visualizing with potassium permanganate spray reagent (21), 
indicated the presence of two components, Rf 0.28 and 0.17 


Isolation of Cyclitols-Chromatography of this crystalline mixture 
(4 g.) on a column of cellulose powder4 (75 9.) [prepared according to 
Angyal et al. (22)] gave a fraction that eluted with acetone-water 
(4: 1)5 which yielded (+)-quercitol (181 mg.). Recrystallization of 
this cyclitol from 8Oz ethanol gave colorless crystals (62 mg.), m.p. 
232-234" [lit. (23) m.p. 233-234"]; +19.9" (c 0.73, water) [lit. 
(23) [a]&5 +24.37" (c 8.0, water)]. 


Am/.-Calc. for CsHI20,: C, 43.90; H ,  7.37. Found: C ,  43.72; H, 
7.57. 


An IR spectrum showed characteristic signals at  Y~~~~ 3310 and 
3240 cm.-' (broad 0-H stretch), 2910 and 2940 cm.-' (C-H 
stretch), 1420 cm.-l (C-H bend), and 1050 and 1075 cm.? (C-0 
stretch). A low resolution mass spectrum did not exhibit the ex- 
pected molecular ion of mje 164 but showed significant peaks at  m/r 
146(1), M+ - H 2 0 ;  128(7), M+ - 2H20; 110(5), M+ - 3Hz0; and 
73 (100), C3H502'. There was no depression of melting point when 
mixed with authentic (+>quercito16, and 1R spectra were superim- 
posable. 


Further elution with acetone-water ( 4 : l )  gave a fraction (515 
mg.) which, on recrystallization from ethanol, yielded white needles 
of (-)-viburnitol (380 mg.), m.p. 179-180" [lit. (24) m.p. 181.5"]; 


- 55.4" (c 0.46, water) [lit. (24) [a]$' -50.0" (c 4.0, water)]. 
Am/.-Calc. for C6H1205: C, 43.90; H, 7.37. Found: C, 43.71; H, 


7.57. 
An IR spectrum showed signals at YE:: 3300 cm.-' (broad 


0-H stretch), 2940 cm.-l (C-H stretch), and 1040 and 1025 cm.-' 
(C-0 stretch). A low resolution mass spectrum did not contain a 
molecular ion. Peaks due to major fragmentations were seen at  m/e 


and 73(100), C3H502'. The IR spectrum of this compound and 
authentic ( -)-viburnitolG were superimposable, and there was no 
depression of melting point upon mixture of the two. 


Fractionation (Scheme 1)-The dried ethanolic extract (1.25 kg.) 
was stirred with 1 hydrochloric acid (2.5 I . ) .  The residue was then 
dissolved in ether, dried, and evaporated to yield a residue of acidic 


146(1), Mf -H20; 128(17), M' -2H20; 110(7), Mf -3Hz0; 


1 Melting points were determined on a Thomas-Hoover Uni-melt 
melting-point apparatus and are corrected. IR spectra were run in KBr 
using a Perkin-Elmer 257. Optical rotations were determined on a 
Perkin-Elmer 141 polarimeter. UV spectra were run on  a Perkin-Elmer 
202. NMR spectra were obtained in deuterated chloroform on a Jeol 
C-60HL. with tetramethylsilane as the internal standard. Low resolution 
mass spectra were taken by the Graduate School of Public Health, 
University of Pittsburgh, on a LKB-9000 spectrometer. High resolution 
spectra were obtained on an E. I. duPont de Neniours 21-492 spec- 
trometer at the School of Pharmacy, University of Mississippi. Micro- 
analyses were carried out by Midwest Microlab, Ltd., Indianapolis, 
Ind. 


2 Collected in Starkville, Miss., by Dr. Coy Box, and in Oxford, 
Miss., during the summer of 1970. Voucher specimens are deposited 
in thc Herbarium of the School of Pharmacq, University of Mississippi. 


E. Merck. 0.10 mm. 
Whatman standard grade. 


2 Instrumentation Specialties Co., Inc., Fraction Collector, 20-ml. 
fractions. 


Walcs, Kensington, Australia. 
Dr. S. J. Angyal, School of Chemistry, University of New South 


and neutral substances (551 g., Fraction A). The aqueous acidic 
solution was basified to  pH 8 with concentrated ammonium hydrox- 
ide solution and extracted with ether (9 X 3.0 I.). The ether solution 
was dried over sodium sulfate and evaporated to give a dark-red 
nonquaternary alkaloid fraction (25.0 g., Fraction B). 


The basic aqueous layer was acidified to pH 3 with concentrated 
hydrochloric acid. The quarternary alkaloids were precipitated with 
a saturated solution of ammonium reineckate and filtered. The 
crude reineckate was suspended in water (600 ml.) and acidified to 
pH 5 with concentrated hydrochloric acid. Anion-exchange resin? 
(75 g.) was added and the mixture was stirred overnight. The result- 
ing suspension was filtered and the filtrate was evaporated to leave a 
brown residue of quaternary alkaloidal chlorides (7.2 g., Fraction 
C). 


The nonquaternary alkaloid fraction (Fraction B) was frac- 
tionated into phenolic and nonphenolic constituents (Scheme 11). 
Fraction B (25.0 g.) was dissolved in ether (500 ml.) and shaken with 
5 %  sodium hydroxide solution (4 X 300 ml.). The ether layer was 
washed with water (900 ml.), dried, and evaporated to yield a brown 
nonquaternary nonphenolic alkaloid fraction (1.2 g., Fraction B-I). 
The aqueous sodium hydroxide solution (1.2 1.) was acidified to pH 5 
with concentrated hydrochloric acid and then rebasified with 
concentrated ammonium hydroxide solution to pH 8. The resulting 
solution was extracted with ether (3 X 1.2 I.), dried, and evaporated 
to give a red nonquaternary phenolic: alkaloid fraction (14.3 g., 
Fraction B-2). 


Isolation of Loliolide-Fraction B-I was chromatographed on 
silicic acid* (100 mesh)-diatomaceous earthg (4: 1) (150 g.). Elution 
with benzene-chloroform (1 : 4) and recrystallization from petro- 
leum ether (30-60")-chloroform yielded white needles of loliolide 
(12 mg.), m.p. 148-149" [lit. (25) m.p. 149-151 "1; UV X"m","." 218 nm. 
(log e 4.2) [lit. (25) UV A",:" 214 nm. (log e 4.2)J. The IR sRectrum 
showed major absorptions at  v::: 2440 cm.-' (0-H stretch), 
2980, 2950, 2925, and 2885 cm.-' (C--H stretch), 1730 and 1720 
cm.-l(C=O stretch), 1620 cm.-l (C=C stretch), and 1273 and 1100 
cm.-' (C-0 stretch). The molecular J'ormula, determined by high 
resolution mass spectrometry, was found to be CllH1@3, with a 
molecular ion of 196.1092 (calc. 196.10'29). The fragmentations were 
in agreement with those described by Pailer and Haschke-Hofmeister 
(11). There was no depression of melting point when mixed with 
authentic loliolideln, and IR spectra were superimposable. 


Isolation of Sinoacutine--Column chromatography of Fraction 
B-2 on silicic acid-diatomaceous earth (4: I )  (175 8.) yielded a frac- 
tion that eluted with 1 methanol--chloroform, which was re- 
chromatographed on a column of neutral alumina'', grade V (620 
8.). Elution with benzene and recrystallization from acetone yielded 
colorless prisms of sinoacutine (135 nig.), m.p. 199-200" dec. (lit. 
(14) m.p. 197-199"]; [a]: -115.8" (c 1.0, ethanol) [lit. (14) 
[a]: -115" (c 1.03, ethanol)]; UV AEZ; 214 (log B 4.4), 245 (log 
t 4.3), and 280 nm. (log c 3.8) [lit. (13) UV Aft:": 240 (log e 4.3) and 
277 nrn. (log e 3.8)]. The IR spectrum showed major absorptions at  
YE,": 3450 cm.-' (broad 0-H stretch), 1675 cm.-' (conjugated C=O 
stretch), and 1647 and 1618 cm.-' (conjugated C=C stretch). The 
NMR spectrum showed the presence of two methoxy groups (3.92 
and 3.80 6), one N-methyl group (2.50 6),  two olefinic protons (C-5, 
7.63 6 ;  C-8, 6.37 6), and a two-protonaromatic A B  system (6.69 and 
6.81 6, J = 9.0 Hz.). The mass spectrum of the isolated sinoacutine 
gave significant peaks at  m/e 327(100), M+; 312(32)! M+ - CH3; 
299(24), M+ - CO; and 284(44), Mf -- CO - CH3; it was in agree- 
ment with that of salutaridine, its enantiomer, reported by Wheeler 
et a/. (26). The IR spectra of this compound and of authentic sino- 
acutine12 were superimposable, and there was no depression of melt- 
ing point upon their mixture. 


Chromatography of Quaternary Alkaloids-Fraction C was 
chromatographed on neutral aluminaI1, grade V (60 g.), packed in 
chloroform. 


methanol-chloroform 
afforded a fraction (90 mg.) which, following rechromatography on 


Isolation of Palmatine-Elution with 2 


7 IRA-400(Cl), Mallinckrodt. 
8 Mallinckrodt. 
9 Celite, Johns-Manville Co. 


10 Reference sample provided by Dr. 'Takayuki Wada, Shionogi and 


1 1  Woelm. 
1 2  The reference sample was provided by Dr. K. L. Stuart, Chemistry 


Co., Ltd., Osaka, Japan. 


Department, University of the West Indies, Kingston, Jamaica. 
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Scheme I-Flowsheet for Fractionation of C. carolinus 


polyamidell (70 g.) and elution with concentrated ammonium 
hydroxide-water-ethanol (1 : 1 :9), afforded, on evaporation, a frac- 
tion (10 mg.) to which was added a saturated solution of methanolic 
potassium iodide ( 5  drops). This yielded yellow needles of palmatine 
iodide ( I  mg.), m.p. 22&221" dec.; UV A::": 239 (log e 4.8), 272 
(log e 4.3). 350 (log t 4.4), and 430 nm. (log e 4.0) [lit. (27) A::": 265 
(loge 4.4), 355 (log e 4 . 9 ,  and 425 nm. (log t 4.0)]. 


Preparation of Tetrahydropalmatine--The residue left on evapora- 
tion of the mother liquor from the crystallization of palmatine 
iodide (8 mg.) was dissolved in methanol (3 ml.), and sodium boro- 


hydride was added slowly until the solution was colorless (3 mg.). 
The reaction mixture was evaporated, the residue was dissolved in 
ether ( 5  ml.), and the solution was extracted with 1 hydrochloric 
acid (3 X 10 rnl.). The aqueous acid solution was basified to pH 8 
with concentrated ammonium hydroxide solution and extracted 
with chloroform (3 X 30 ml.). The chloroform solution was dried 
and evaporated to leave a residue of tetrahydropalmatine (3 mg.); 
A",:": 230 (log e 4.2) and 283 nm. (log e 3.8) [lit. (27) A:;: 230 sh 
(log e 4.3) and 281 nm. (log c 3.8)]. The mass spectrum showed a 
molecular ion at m/e 355(70) and other characteristic fragments at 
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nonqua te rna ry  alkaloid fraction (25.0 g. ) 
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5% NaOH 
e t h e r  


I I 
b a s i c  solut ion e t h e r  


HC1 to pH 5 


NH,OH to pH 8 


e t h e r  A water e t h e r  


I Na2S0, 


b a s i c  solut ion e t h e r  d i s c a r d  


d i s c a r d  


Na,S04 


filter 
evaporate 
in uacuo at 
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nonqua te rna ry  
phenol ic  a lkaloid 
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( F r a c t i o n  B-2) 
Scheme II-Fractionation of ihe Nonyuaternary Alkaloid Fraction 


m/e 340(20), 192(15), 190(35), 164(100), and 149(60), which are in 
complete agreement with those reported for tetrahydropalmatine 
(28). 


Isolation of iMagnoRorine- Elution with 4 methanol- chloro- 
form afforded a fraction ( I .  I g.). Repeated chromatography of this 
fraction on polqarnide", using an eluting solvent of concentrated 
ammonium hydroxidewater ( I  : lo), gave a fraction (I05 mg.) 
which, after treatment with saturated methanolic potassium iodide 
solution (1 ml.), yielded crystals of magnoflorine iodide. Recrystal- 
lization from methanol yielded white needles (65 mg.)? m.p. 249- 
251" dec. [lit. (29) m.p. 248-249" dec.], [a];' +182.9" (c  0.146, 
methanol) [lit. (30) [a][) +200" (methanol)]; UV X",h:": 232 (log 
t 4.4), 272 (log E 3.9), and 312 nm. (log E 3.8) [lit. (31) UV A::": 227 
(log c 4.7), 271 (log B 3.9). and 310 nm. (log E 3.8)]. The IR spectra of 
this compound and of authentic magnoflorine were superimposable, 
and there was no depression of melting point upon their mixture. 
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Local Anesthetic Activity and Acute Toxicity of 
( 7 ) -2- (N-Ethylpropylamino) -2’,6’-butyroxylidide, a 
New Long-Acting Agent 


H. JACK ADAMS’, GEORGE H. KRONBERG, and BERTIL H. TAKMAN 


Abstract This paper is concerned with the local anesthetic ac- 
tivity and acute toxicity of (+~)-2-(N-ethylpropylamino)-2‘,6’-buty- 
roxylidide (I). Testing in rat sciatic nerve blocks and guinea pig 
intradermal wheals showed that the compound has rapid onset, 
excellent frequency, and long durations of block. These observa- 
tions were confirmed in studies of peridural anesthesia in the cat 
in which the durations of block were comparable to those of the 
long-acting agent bupivacaine. Although the compound is more 
irritating and more toxic than lidocaine, it is not more so than 
bupivacaine and tetracaine. These studies indicate that the overall 
pharmacological and toxicological profile of Compound I more 
closely resembles those of bupivacaine and tetracaine than that of 
lidocaine. 


Keyphrases (+)-2-( N-Ethylpropylamino)-2’,6‘-butyroxylidide-- 
local anesthetic activity and acute toxicity 0 Anesthetic activity, 
local- (&)-2-( N-ethylpropylamino)-2’,6’-butyroxylidide 0 Toxicity, 
acu te+f)-2-( N-e t hylpropylamino)-2’,6’-butyroxylidide 


A series of a-aminobutyroxylidide derivatives was 
synthesized and tested for local anesthetic activity. This 
paper describes the local anesthetic activity and acute 
toxicity of one of the most interesting compounds in 
this series. It is chemically designated as (*) -2- (N-  
ethylpropylamino)-2’,6’-butyroxylidide1 (I) and  has the 
structural formula shown here. 


I 


I n  the studies reported here, Compound I was com- 
pared with lidocaine, an  agent of intermediate dura- 
tion, and two long-acting agents, bupivacaine? and 
tetracaine. 


1 W19053. 
Miircmne. 


METHODS 


Rat Sciatic Nerve Blocks-Conduction block in a peripheral 
nerve trunk was studied in the female albino rat. The method was 
described in detail by Camougis and Taknian (1). Precisely 0.2 ml. 
of drug solution or vehicle was injected into the midthigh region 
of the animal, so that it was deposited around the sciatic nerve 
trunk. After the injections, the animals were examined at frequent 
intervals for onset, depth, and duration of motor block. Frequencies 
of complete and of partial blocks were recorded, and overt systemic 
effects were noted. Mean durations and standard deviations were 
calculated from the durations of the complete blocks only. Groups 
of five rats were used a t  each concentration tested, and injections 
were made into both hind limbs. 


Guinea Pig Intradermal Wheals-To evaluate infiltration an- 
esthesia, the local anesthetic activity of graded concentrations of the 
agents was studied in the guinea pig intradernial wheal ( I ) .  Each 
wheal was made by injecting 0.1 ml. of drug solution or vehicle 
intradermally on the shaved backs of guinea pigs, and 12 wheals 
were made for each concentration. The presence or absence of 
anesthesia was determined by means of the response to pinpricks. 


Peridural Anesthesia in the Cat-Surgical procedures and the 
evaluation of peridural anesthesia in cats were reported by Duce 
et at. (2 ) .  In brief, the procedure requires surgical implantation of a 
plastic catheter into one of the lumbar vertebrae so that local an- 
esthetic solutions can be introduced into the peridural space. After 
administration of the local anesthetic solution, animals were ex- 
amined at  frequent intervals for onset of block. The principal end- 
points recorded were: block and recovery of the animal’s ability to 
support itself on its hind limbs, block and recovery of the flexor 
reflex (withdrawal of the limb when pressure is applied to the 
paw). and loss and complete recovery of normal motor function. 
Animals were also observed for effects that may result from the 
spread of the local anesthetic solution and from absorption into 
the blood. 


A total of seven animals received 27: lidocaine and 0.5 and 1.07; 
Compound I ;  five animals received 0.5 a, bupivacaine. 


Irritation Studies-The irritation liahilities of Compound I ,  
lidocaine, bupivacaine, and tetracaine were evaluated by means of 
intradermal wheals in rabbits (1). The animals’ backs were shaved 
and a series of wheals was made by injecting 0.1 ml. of solution 
or vehicle intradermally at  each site. Twenty-four hours later, each 
wheal was examined and graded for the degree of redness, degree 
of edema, and presence or absence of a central zone of discolor 
(indicative of necrosis). Grading was done on an arbitrary scale 
from 0 to 12. and a mean score was obtained for all wheals made at 
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Constituents of Mammea americana L. VIII: Novel 
Structural Variations on the Mammein Theme and 
Antitumor Activity of Mammein and Related Coumarin and 
Phloroglucinol Derivatives 


R. A. FINNEGAN., K. E. MERKEL, and N. BACK* 


Abstract c] Mammein (4-n-propyl-5,7-dihydroxy-6-isopenteny1-8- 
isovalerylcoumarin) was shown to be accompanied by two diffi- 
cultly separable congeners: the 8-a-methylbutyryl isomer (neo- 
mammein) and the 8-n-butyryl homolog (normammein). In addi- 
tion, new analogs of these compounds in which the bisopentenyl 
groups have undergone oxidative cyclization with the 5-hydroxyl 
groups were isolated and identified by spectroscopic means. Each 
of these substances was also obtained by peracid oxidation of its 
noncyclized relatives. Significant antitumor activity against Sarcoma 
180 grown in stationary cell culture was exhibited by mammein and 
certain of its companions, as well as by various degradation and 
synthetic intermediates. 


Key phrases c] Mammea americana L. -isolation, identification of 
constituents, antitumor activity 0 Mammein, related coumarin and 
phloroglucinol derivatives-structure identification, antitumor 
activity Medicinal plants--constituents of Mammea americana 
L.. antitumor activity 0 Antitumor activity-mammein, related 
coumarin and phloroglucinol derivatives 
~~~~ ~ ~ ~ 


Seed extracts of Mammea americana L. (family 
Guttiferae) have proven to be a rich source of oxygen 
heterocyclic compounds of the coumarin (1-5) and 
xanthone (5-7) classes. The extensive efforts of Djerassi 
and his collaborators (1, 8, 9), which culminated in 
Structure I for mammein and revealed in detail the 
variegated chemistry of this polyfunctional molecule, 
established a precedent which greatly facilitated access 
to Structures I1 for mammeisin (2) and I11 for 
mammeigin (3). Thus, Structure I1 was secured 
relatively quickly on the basis of experiments con- 
ducted in  the mammein mold, while Structure 111, 
although based principally on its NMR spectrum, was 
easily verified by a chemical interconversion whh 11. 
I n  1965, the authors learned’ that samples of mammein 
(1) emanating from this laboratory and elsewhere were, 
in fact, mixtures of I, the major constituent, with its 
isomer IV and its desmethyl analog V. This discovery 
was made possible by applying the techniques of NMR, 
mass spectroscopy, and TLC, none of which was utilized 
during the original studies on I. In light of these 
revelationsz, an examination was begun of a variety of 
available mammein samples3; our findings were in 
agreement with those of Crombie and his collaborators. 


I From Professor L. Crombie and Dr. D. E. Games. 
2 The authors are indebted to Professor Crombie and Dr. Games for 


experimental detail, including copies of spectra and comparison sam- 
ples, They also acknowledge the receipt of prepublication copies of 
References 4. 5 .  10, and 11. 


’The finding of a large number of closely related coumarins, in 
mamey oil has generated a nomenclature problem for which a solution 
was advanced by Crombie (4) in the form of a letter code. These designa- 
tions are included in  parentheses under the structural formulas. 


In addition, during the reisolation of 1, IV, and V 
from mamey oil, a number of new substances were 
encountered, one of which was assigned Structure VI 
(accompanied by smaller amounts of VII and VIII) on 
the basis of arguments presented below. Finally, the 
results of a preliminary biological assay of these and 
allied substances are reported. 


DISCUSSION 


Mammein Mixture-In view of the close structural relationship 
of neomammein (IV) and normammein (V) to mammein (I), it is 
not surprising that the presence of I V  and V went unsuspected for 
so many years. Even when pure, the melting points of these sub- 
stances are within a few degrees of one another and, of course, they 
do  not depress on admixture. Furthermore, their IR spectra, which 
are exceptionally rich in detail, are virtually identical throughout the 
entire region, with the exception of minor variations near 11 50 
cm-1. It is ironic, in retrospect, to  recall that these minor differences 
in the spectra observed‘ for various chromatographic fractions of 
mammein encountered during the original studies (1) and ascribed 
to the presence of “impurities” were, in fact, a real, albeit subtle, 
indication of the mixture in hand. Especially ironic is the fact that 
one of these original samples5, which was not employed in the struc- 
tural studies, has now been shown to be pure neomammein (IV). 


I 0 HO 0 


O A R  
I R = isobutyl, mammein I 1  mammeisin 


(mammea. B/BA) (mammea A/AA) 
IV. R = sec -butyl, neomammein 


(mammea B/BB) 
V: R=n-propyl, normammein 


(mammea B/BC) 


I e H? Q 
I11 mammeigin 


(mammea A/A cyclo D) 


4 R. A. Finnegan, unpublished observations, 1958. 
6 The authors thank Professor Djerassi for the gift of a large number 


of samples accumulated in his laboratory during the original studies. 


Vol. 61, No, 10, October 1972 0 1599 







Table II-Activity of Some Coumarins and Phloroglucinols 
against Sarcoma 180 Tumor Cells 


VI: R = sec -butyl M 
VII: R = isobutyl 


VIII: R = n -propyl 
(mammea L-1) 


Compounds I, IV, and V can be obtained in reasonable purity 
by repeated chromatography on alumina or silica gel columns. The 
course of the separation is readily monitored by TLC and NMR 
measurements, and the substances obtained were found by direct 
comparison to be identical with those isolated in Crombie'sz labora- 
tory. A detailed discussion of the NMR (as well as mass) spectra of 
these compounds was published (10) and need not be dealt with here. 


Cycloneomammein (V1)-In the course of chromatographic 
separations of mammein and its close relatives, a new crystalline 
substance, m.p. 130-131 O ,  was encountered. It showed IR and UV 
spectral properties similar to other phenolic Mammea coumarins 
bearing the acyl substituent at C-8 (8-10). Microanalytical data 
accorded with the formula CZ2HP8O6, and this was verified by the 
observation of a parent peak in its mass spectrum at m/e 388. The 
compound was optically active, showed a positive ferric chloride 
test, and readily formed a monoacetate derivative, m.p. 134-1355". 
Although this derivative no longer possessed phenolic properties, 
hydroxyl absorption was still evident in the IR, indicating the addi- 
tional presence of an aliphatic hydroxyl group. Examination of the 
NMR spectrum clearly showed its relationship to its companions 
and allowed a detailed structure to be assigned as shown in VI. 


The low field position of the phenolic proton (exchangeable in 
D20) at - 3.907 indicates that it is hydrogen bonded to the carbonyl 
group at C-8. This rules out structures in which the rings are linearly 
fused, because the phenolic hydroxyl would then be situated at C-5, 
unable to chelate with the keto group, and thus would absorb at 
much higher field. A second hydroxyl line (exchangeable in D20) 
appears at 7.707 and is assigned to the aliphatic hydroxyl function. 
A singlet at 4.127 is typical for the C-3 hydrogen of the coumarin 
nucleus and, since it is not coupled, shows that C-4 bears a sub- 
stituent other than hydrogen. The substituents at C-4 and C-8 were 
seen, by comparison, to be identical with the correspondingly 
placed substituents in neomammein (IV). It was apparent, however, 
that the isopentenyl side chain present in I, IV, and V had been 
replaced by a new functionality, giving rise to two methyl singlets 
(8.59 and 8.7171, a single-proton triplet at 5.167 (J  = 9 Hz.), and a 
two-proton doublet centered at 6.837 (J = 9 Hz.). While these ab- 


Table &Activity of Mammein and Related Coumarins against 
Sarcoma 180 Tumor Cells 


Substance IDsa, mcg./ml. 


Mamey oil (dewaxed) 
Mammein (I, containing IV and V) 
Neomammein (IV) 
Mammein (I, containing some V) 
Mammein diacetate (containing diacetates of 


IV and V) 
Dihydromammein (I, with double bond in side 


chain reduced, containing some dihydro-IV 
and dihydro-V) 


Cycloneomammein (VI, containing some VII 
and VIII) 


Mammeisin (11) 
Dihydromammeisin (11, with double bond in 


side chain reduced) 
C2r-Aldehyde from mammeisln (aldehyde de- 


rived from I1 by ozonolysis of the double 
bond) (2) 


Cyclomammeisin (dihydrofurano compound 
derived from I1 by peracid oxidation) (18) 


Anhydrocyclomammeisin (benzofuran obtained 
by dehydration of cyclomammeisin) (18) 


0 .3  
0.07 <o. 1 


<O. 03 
0.04 


0.08 


0% inhibition at 
100 mcg./ml. 


<o. 1 
<o. 1 


1.8 


80 


56 


OH H OH H 34 
OCHa H 20 


OH Isobaleryl OH H 2.7 
b 


HO 
Twnentvl OH H OH 42 


H OH 19 
I-----,- -~~ 


iiovaleryl OH 


Isovaleryl OH Isopentyl OH 2.1 
Isovaleryl OCH3 H OCHa 25 


sorptions could, in principle, be satisfied by either the hydroxyiso- 
propyl dihydrofurano moiety in VI or by the hydroxy dimethyl- 
chromano grouping as illustrated in IX, the choice was easily made 
in favor of VI by comparison of the relevant chemical shifts with 
those reported in the literature (12-15) for a number of suitable 
model compounds. Furthermore, the presence in the mass spectrum 
of a peak at m/e 59 (973 [(CH3)zCfOH] is more compatible with 
Structure VI than with IX (16, 17).  The NMR spectrum of an oily 
diacetare (which could not, however, be obtained in analytical 
purity), provided additional support for Structure VI in that the 
downfield shift of the methine proton was 0.27 p.p.m., only a small 
fraction of that expected for the corresponding shift in IX. 


Although the substance to which Structure VI was assigned gave 
only one spot on TLC analysis, it is not homogeneous. The presence 
of its lower homolog VIII was indicated by a peak in the mass spec- 
trum at m/e 374, 14 units lower than the parent ion of VI and very 
unlikely to be derived therefrom. In some samples, the abundance 
of the 374 ion was nearly the same as that of the 388 ion. This does 
not necessarily reflect the composition of the sample, however. 
Since the base peak is formed by the loss of the R group, one might 
expect the parent ion of VI to be less stable than that of VlII (easier 
loss of sec-butyl radical than n-propyl radical). The presence of VII 
(and VIII) can be ascertained by careful examination of the NMR 
spectrum, particularly the methyl region and the region near 77 
(CHz next to CO). In these samples, VI was clearly the major con- 
stituent as judged by the prominence of the doublet at 8.787 [CZ-Zs- 
C(-)HCO-] and the multiplet centered at 6.207 [-C(-) 
HCO-1, which are distinctive for this particular side chain. 


Epoxidation of I, IV, and V-Treatment of mammein (I) (con- 
taining IV and V) with monoperphthalic acid provided, in good 
yield, the cyclized product VII. This product was identical with the 
material (VI, VII, and VIII) previously isolated, except for the 
distribution of C-8 substituents. In addition, the separated con- 
stituents, I, IV, and V, were individually oxidized with peracid in 
order to provide homogeneous samples of VII, VI, and VIII, re- 
spectively. These transformations, of course, served to provide com- 
plete verification of the structures assigned to V I  and its compan- 
ions. Although the epoxide of mammein diacetate could be pre- 
pared easily, we were unable, at first, to prepare the epoxide of I 
itself, which is the presumed intermediate between I and VII. Sub- 
sequent experiments, however, were successful (18). 


Finally, the independent isolation of a similar mixture of Com- 
pounds VI, VII, and VIII by Crombie and his coworkers led to 
joint preliminary communication of these results (19,20). 


Cytotoxicity-The cytotoxic effect of mamey oil and a number of 
its constituents against Sarcoma 180 tumor cells grown in stationary 
cell culture was determined. These results, expressed as the con- 
centration in micrograms per milliliter required to produce 50Z 
inhibition of growth, IDso, are assembled in Table I. Values less 
than 5 are taken to indicate significant activity. Table I1 lists similar 
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data for several related coumarins and phloroglucinols which were 
synthesized in the course of the original structure determination 
of I(9). 


It is clear from Table I that the Mummeu coumarins and their 
simple relatives, with the notable exception of the cyclo derivatives, 
all possess considerable activity in this assay, and it is suggestive 
that some of the less complicated analogs (Table 11) retain some of 
this activity. Additional biological assays on several of these com- 
pounds is certainly in order and further synthetic studies in this area 
may well prove rewarding. 


EXPERIMENTAL6 


Isolation of Mammein Mixture from Mamey Oil-The prepara- 
tion of mamey oil has been described before (3). In this work, 
various samples of oil were chromatographed quickly through a 
column of alumina (Merck, acid washed, deactivated with 5% 
water). For example, 160 g. oil dissolved in 160 ml. hexane would 
be placed on a column (840 X 70 mm.) containing 3225 g. alumina 
packed in hexane. Fractions eluted with benzene or benzene-chloro- 
form mixtures provided, after evaporation, crystalline residues 
which were triturated with hexane and filtered. After being washed 
with hexane and dried, the resulting solids were found by TLC 
analysis to contain about equal proportions of I ,  IV, and V. In 
several experiments, a total of 1160 g. of mamey oil provided 56.6 
g. of almost white crystals. A single recrystallization from ether- 
hexane furnished 48 g. of white needles, m.p. 124-129". Comparison 
of the IR and UV spectral data with those reported for mammein 
showed them to be identical. TLC on silica gel G plates eluted with 
chloroform (or methylene chloride) containing 0.2-2.0% acetic 
acid gave a clear separation of the individual components I ,  IV, 
and V. These components were positively identified by the simul- 
taneous application to the plates of authentic samplesa. The order 
of decreasing mobility is IV > I > V. A number of other TLC sys- 
tems with different adsorbent and solvent Combinations were in- 
vestigated; however, no separation was achieved. The majority gave 
only elongated spots without separating the individual components. 
The NMR spectrum was also examined and the presence of I, IV, 
and V was verified by comparison with the spectrum of each com- 
ponent. 


Other samples of the mammein mixture were obtained by direct 
separation of a crystalline residue from a number of mamey oil 
samples which had been standing for several years. The residues 
were obtained by decantation and, after being thoroughly washed 
with hexane and dried, they were shown by TLC and NMR to be 
mixtures of I ,  IV, and V. 


A total of 16 crystalline "mammein" samples of different origin 
were compared by melting point, TLC, NMR, and IR with authen- 
tic specimens of the components. These samples were obtained by 
either the chromatography or decantation method already de- 
scribed, or they were available from previous sample collections. 
Most of these were shown to be mixtures of I, IV, and V, although 
two were two-component mixtures (IV + I and I + V) and one 
was pure IV. The melting points of the 16 samples ranged between 
110 and 132", and their IR spectra showed no "significant" differ- 
ences. 


Chromatographic Separation of Individual Components of 
Mammein Mixture-The crystalline mixture, m.p. 124-129" (1 g.), 
was preadsorbed on 8 g. silica gel and placed on a column (350 X 
20 mm.) containing 5 5  g. silica gel packed in hexane. Elution was 


6 All melting points were determined with a Fisher-Johns block and 
are uncorrected. IR spectra were taken on a Perkin-Elmer model 237 
spectrophotometer. Only characteristic and/or strong absorptions 
(50% of strongest band) are reported. UV and visible spectra were 
obtained with a Beckman DB-G spectrophotometer. The U V  spectra of 
the phenolic compounds were determined in 0.01 N alcoholic hydro- 
chloric acid and alcoholic hydroxide solutions, which were prepared by 
adjusting the alcoholic (95%) solutions of the compounds to 0.01 N 
by the addition of concentrated hydrochloric acid or 10 N NaOH, 
respectively. NMR spectra were determined with a Variaii A-60 instru- 
ment. All solvents used for chromatography, reaction media, or re- 
crystallizations were reagcnt grade or purified by distillation. Column 
chromatography was carried out with acid-washed alumina from Merck, 
neutral alumina from Woelm, and silica gel from British Drug Houses. 
TLC was done with silica gel G, and spots were detected by exposing 
thc plates to iodine vapor. Solutions were concentrated by rotary evap- 
oration at  60-70" and reduced pressure (aspirator). Microanalyses were 
performed by the Mikroanalytisches Laboratoriuni im Max Planck 
Institut fur Kohlenforschung, Muhlheini, Germany. 


carried out (500-ml. fractions) with hexane, benzene, chloroform, 
and mixtures of these solvents. The residues from each fraction 
were examined by TLC and treated as described in the previous 
experiment. Mixtures of chloroform and hexane were used for the 
final recrystallizations. A period of 4 days was required to elute 
the fractions containing the "mammein" components. From Frac- 
tions 16-20 (2: 1 hexane-benzene), there was obtained 194 mg. resi- 
due which was pure neomammein (IV) as determined by its TLC 
behavior. Recrystallization provided 99 mg. with m.p. 121-122" 
[lit. (10) m.p. 1227. Fractions 21 and 22 provided an additional 
105 mg. IV (58 mg., m.p. 122-123", after recrystallization) which 
showed the presence of traces of I by TLC. Fractions 23-26 gave 
152 mg. of a mixture of I and IV; Fractions 27-29 (87 mg., 50 mg. 
after recrystallization, m.p. 126-127 ") afforded nearly pure I con- 
taminated by a small amount of IV;  and Fraction 30 ( I  : I  hexane- 
benzene) gave pure mammein (I) (84 mg.) which had m.p. 127" 
[lit. (10) m.p. 127"] after recrystallization (24 mg.). Fractions 31-33 
contained a mixture (107 mg.) of I and V (54 mg., m.p. 131-132". 
after recrystallization), and Fractions 34-36 (benzene) afforded pure 
V (199 mg., 87 mg. after recrystallization, m.p. 130-132") [lit. (10) 
m.p. 132-133"]. 


The pure samples of I, IV, and V obtained in this way had spec- 
troscopic properties identical with those of the corresponding sam- 
ples isolated in Crombie's laboratory2. In addition, it was observed 
that neomammein (IV) had the following optical activity: 
[ ~ y ] ~ ~ ~ . ~ ~ ~ . ~ ~ ~ . ~ ~ ~  -2.93, -3.41, -4.14, -14.5 (c, 0.0434 g./ml., chloro- 
form). 


Isolation of Cycloneomammein (V1)-In a larger scale experi- 
ment, 10.7 g. of the crystalline mammein mixture was preadsorbecl 
on 50 g. silica gel and placed on a column (600 X 40 mm.) of 400 g. 
silica gel packed in hexane. Fractions of lo00 ml. were collected, 
and the residues were examined by TLC. The first 43 fractions 
(mainly 2: 1 hexane-benzene) gave only small amounts (total 81 1 
mg.) of oily residues and were not further investigated. Fractions 
44-79 (2 : 1 hexane-benzene to 1 : 3 hexane-benzene) contained I ,  
IV,  and V and were treated as described in the previous experiment. 
The following were obtained: 960 mg. IV, 1.33 g. of a mixture of 
I and IV, 427 mg. of I, and 424 mg. of a mixture of I and V. 


Fractions 80-1 13, eluted with benzene and 4: 1 benzene-chloro- 
form, afforded 1.75 g. of a substance known as Compound L-2 ( I  8). 


Fractions 114-125 (4 : 1 benzene-chloroform) provided, after a 
single recrystallization, 1.24 g. of cycloneomammein, m.p. 114-128". 
Decolorization with charcoal and four recrystallizations from ether 
gave colorless platelets, m.p. 130-131 "; ~2::: 3460, 2959, 1715, 
1634, 1603, 1433, 1408, 1389, 1361, 1203, 1130, 1114, 948, and 895 


mar . 222.5, 231 (sh), and 300 nm., log c:  
. 215, 242.5, 315 (sh), and 


380 nm.; log e: 4.61, 4.44, 3.79, and 4.33; [01]~~~,5i8.51ii,13G -1.48, 
- 1.46, - 1.78, - 5.44 (c. 0.050 g./ml., chloroform). 


Anal.-Calc. for C22H2806: C, 68.02; H, 7.27; 0,24.71. Found: 
C, 68.12; H ,  7.41 ; 0,24.78. 


This substance gave a purple color with ferric chloride7. 
Monoacetate of VI-A solution of VI (200 mg.) in pyridine (1.5 


ml.) and acetic anhydride (1.5 ml.) was stirred for 24 hr. at  room 
temperature. The reaction mixture was poured into ice water (30 
ml.), and the mixture was allowed to stand for several hours. The 
solid material was then separated by filtration, washed with water. 
and dried. Recrystallization from chloroform-hexane gave a crys- 
talline white solid (82 mg.), m.p. 127-1 30". Four recrystallizations 
from aqueous ethanol raised the melting point to 136-137"; P:::: 


3559, 2959, 1783, 1742, 1692, 1626, 1600, 1439, 1192, 1124, and 
1100 cm.-l. The compound gave a negative ferric chloride test. 


Anal.-Calc. for C24H3007: C, 66.96; H, 7.02. Found: C, 66.93: 
H, 6.93. 


Reaction of Mammein Mixture with Monoperphthalic Acid-A 
solution of "mammein" (see first experiment) (500 mg., 1.35 
mmoles) in ether (25 ml.) was added dropwise to an ice-cooled 
solution of monoperphthalic acid (450 mg.. 2.47 mmoles) in ether 
(3 ml.). The reaction mixture was stirred for 6 hr .  at 0" and then 
allowed to stand for 12 hr. at  -15". TLC still showed unreacted 
starting material; therefore, an additional amount of peracid (150 
mg., 1.0 mmole) was added and the mixture was stirred for another 
4 hr. at 0". Complete consumption of starting material was shown 


25.50  


cm.-'; ~ 0 5 %  ethanol-0.01 .V HCI. 


4.39, 4.26, and 4.44; ~ 0 5 %  ethanol-0.01 .V K O H .  
max 


7 See the text for a discussion of the fact that VI as obtained in this 
way is admixed with VII and VIII. 
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by TLC. Insoluble phthalic acid was removed by filtration; the 
filtrate was then washed with saturated aqueous sodium bicarbo- 
nate solution (4 X 20 ml.), water (4 X 20 ml.), and saturated aque- 
ous sodium chloride solution (2 X 20 ml.) and dried with anhy- 
drous magnesium sulfate. Evaporation of the solvent gave an al- 
most white crystalline residue (347 mg.). This solid was triturated 
with ether, the ether was removed by decantation, and the remaining 
solid residue was dried to give 303 mg. (58%) of white crystals, 
m.p. 115-125". Four recrystallizations from ether raised the melt- 
ing point to 127-128'. This product, a mixture of VI, VII, and VIII, 
had IR, UV, and NMR spectral data nearly indistinguishable from 
those of the "natural" material isolated by chromatography of 
crude mammein mixture. 


Cycloneomammein (VI) by Peracid Treatment of Neomammein 
(1V)-A solution of neomammein (IV) (385 mg., 1.0 mmole) in 
chloroform (2 ml.) and ether (8 ml.) was added dropwise to a 
stirred solution of monoperphthalic acid (405 mg.) in ether (6 ml.) 
at  0". The reaction mixture was kept for 12 hr. a t  0" and then for 
12 hr. at -15". The phthalic acid was separated by filtration and 
washed with ether. The filtrate and ether washings were combined; 
they were then washed with water (2 X 10 ml.), saturated aqueous 
sodium bicarbonate solution (10 X 10 ml.), water (3 X 15 ml.), and 
saturated sodium chloride solution (2 X 15 ml.) and dried with 
anhydrous magnesium sulfate. Evaporation afforded a crystalline 
residue, m.p. 116-120", which was recrystallized from ether to give 
colorless platelets of VI, m.p. 122-123", 310 mg. (77%). Two addi- 
tional recrystallizations raised the melting point to 124-125" ; v:::: 
3460, 2950, 1715, 1634, 1603, 1408, 1387, 1203, 1133, 1122, and 
894 cm.-l; XEz HC1: 220, 232 (sh), and 297 nm.; log t :  


375 nm.; log e :  4.21,4.43,3.85, and 4.32; NMR (CDCI3-tetramethyl- 
silane): 7 -4.10 (IH, s), 4.06 ( lH,  s ) ,  5.12 (IH, t, J = 9 Hz.), 
6.19 (lH, m), 6.82 (2H, d, J = 9 Hz.), 7.13 (2H, t, J = 7 Hz.), 7.30 
(lH, s), 8.0-8.7 (4H, m), 8.55 (3H, s), 8.70 (3H, s), 8.78 (3H, d,  J = 
7 Hz.), 8.97 (3H, t, J = 7 Hz.), and 9.05 (3H, t, J = 7 Hz.). 


Anal.-Calc. for C2,HZsOs: C ,  68.02; H, 7.27. Found: C, 68.14; 
H, 7.49. 


Cyclomammein (VII) by Peracid Treatment of Mammein (1)-A 
solution of mammein ( I )  (204 mg., 0.55 mmole) in chloroform 
(1 ml.) and ether (4 ml.) was added dropwise to a stirred solution 
of monoperphthalic acid (270 mg.) in ether (6 ml.) at  0". The re- 
action mixture was stirred for 10 min. at 0" and then kept for 10 hr. 
at -15". Since traces of starting material were found by TLC, 
another portion of peracid (135 mg.) in ether (1 ml.) was added to 
the reaction mixture and stirring was continued for 1 hr. at room 
temperature. The reaction mixture was then worked up in the same 
manner as described in the preceding experiment to give a slightly 
brown solid, 21 1 mg. Recrystallization from ether afforded tan 
platelets, m.p. 127-128", 139 mg. (65%). Two additional recrys- 
tallizations from ether gave colorless platelets of VII, m.p. 128.5- 
129.5" (121 mg.); ~2::: 3448, 2950, 1715, 1634, 1600, 1431, 1404, 
l387,1353,1200,1134,1117,and894~m.-~;~~~ ethanol-O.O1 H C ' :  221, 
231 (sh), and 295 nm.: log e :  4.39,4.25,and 4.44;Xg_5.ethano'-0.01 
241, 320 (sh), and 377 nm.; log E :  4.39, 3.80, and 4.32; 
NMR (CDC13-tetramethylsilane): 7 -4.10 ( lH,  s) ,  4.07 (IH, s) ,  


7 Hz.), 7.13 (2H, t, J = 7 Hz.), 7.30 (IH, s), 7.74 (IH, m), 8.2-8.6 
(2H, m), 8.55 (3H, s), 8.70 (3H, s), 8.97 (3H, t, J = 7 Hz.), and 8.99 
(6H, d, J = 6.5 Hz.). 


And-Calc. for C2,Hzs06: C, 68.02; H, 7.27. Found: C, 67.83; 
H, 7.45. 


Cyclonormammein (VIII) by Peracid Treatment of Normammein 
(V)-A solution of normammein (V) (246 mg., 0.686 mmole) in 
chloroform (1 ml.) and ether (4 ml.) was added dropwise to a stirred 
solution of monoperphthalic acid (405 mg.) in ether (7 ml.) at 0". 
The reaction mixture was kept for 12 hr. at  0" and then for 12 hr. 
at - 15 O before it was worked up in the same manner as in the pre- 
ceding two experiments. Recrystallization of the crude product 
from ether gave tan platelets of VIII, m.p. 126-128" (203 mg., 79%). 
Four additional recrystallizations, including one treatment with 
charcoal, gave colorless platelets, m.p. 130-131 "; Y:.":: 3448, 
2950, 1712, 1631, 1595, 1431, 1403, 1385, 1353, 1196, 1139, 1130, 


. 223, 236 (sh), and 295 
nm.; log e :  4.37, 4.22, and 4.42; ethnno'-O.O1 239, 320, 
(sh), and 375 nm.; log e :  4.37, 3.77, and 4.27; NMR (CDC13-tetra- 
methylsilane): T -4.10 ( lH,  s), 4.06 ( lH,  s), 5.12 ( lH,  t, J = 9 


4.41, 4.26, and 4.46; x 9 5 %  ethanol-0-01 rV NaOH. . 218, 240, 320 (sh), and 
mex 


5.12 (lH, t, J = 9 Hz.), 6.81 (2H, d, J = 9 Hz.), 6.93 (2H, d, J = 


,112, alld 894 cm,-l; P b l l s t l O l - o . O l  1V BCL. 
max 


Hz.), 6.82 (ZH, d , J  = 9 Hz.), 6.84 (2H, t, J = 7 Hz.), 7.15 (2H, t, 


J =  7Hz.),7.30(1H,s),8.0-8.7(4H, m), 8.53(3H, s),8.70(3H, s), 
and 8.97 (6H, t). 


And-Calc. for C21HZ6O6: C, 67.36; H, 7.00. Found: C, 67.81 ; 
H, 7.22. 


Epoxide of Mammein Diacetate-A solution ,of mammein di- 
acetate (1.5 g., 3.3 mmoles) in chloroform (5 ml.) was added 
dropwise to an  ice-cooled solution of monoperphthalic acid (910 
mg., 4.95 mmoles) in ether (7 ml.). The reaction mixture was stirred 
for 5 hr. at  0" and then allowed to stand for 5 hr. a t  -15'. Phthalic 
acid was separated by filtration and washed with chloroform. The 
combined filtrate and chloroform washings were washed with 
saturated aqueous sodium bicarbonate solution (6 X 20 ml.), water 
(3 X 20 ml.), and saturated aqueous sodium chloride solution (2 X 
20 ml.) and dried with anhydrous magnesium sulfate. Evaporation 
of the solvent gave a crystalline white solid, m.p. 93-95'; ~2::: 
2950, 1754, 1698, 1372, 1208, 1192, 1110, and 1093 cm.-l. Recrys- 
tallization of this material from aqueous ethanol gave white needles, 
1.16 g. (7573, m.p. 95-97"; YE::: 2959, 1779, 1730, 1715, 1385, 
1372, 1200, 1176, 1166,1112, 1096, and 1054 cm.-l. The IR spectra 
of the crude product and the once recrystallized product differed 
substantially ; however, their IR solution spectra and NMR spectra 
were identical, indicating that this epoxide exists in two crystalline 
modifications. v:yFs: 2959,1779,1739, and 1701 (sh) cm.-l; NMR 
(CDC13-tetramethylsilane): 7 3.72 (lH, s), 7.0-7.4 (8H, m), 7.55 
(3H, s), 7.69 (3H, s), 8.0-8.6 (5H, m), 8.65 (3H, s), 8.72 (3H, s), and 
8.8-9.15 (6H, m). 


Anal.-Calc. for C36H3208: C, 66.08; H, 6.83. Found: C, 66.35; 
H, 6.74. 


Cytotoxic Assay-The Sarcoma 180 tumor cells, maintained in 
T-type (T-60) flasks at  37", were inoculated into T-15 flasks on 
Day 0. The cells, originally isolated by Foley and Drolet (21), were 
grown in Eagle's medium (22) in stationary culture. All assays were 
conducted in this medium with the following additional agents: 
L-glutamine (10 ml. of a solution 0.2 M ) ,  horse serum (100 ml./l.), 
and kanamycin (100 mg./l.). 


Two hundred thousand cells were inoculated per 2 ml. of medium; 
following 24-hr. attachment of the cells to the glass of the flask, the 
test compounds were administered. The compounds either dis- 
solved completely or remained partially suspended in the medium. 
Serial dilutions of the compounds were also given on the 4th day 
after initial transplant. Each dilution was run in triplicate, as was 
the control saline group. Culture media were changed on the day of 
compound administration, and the cytotoxic effect was estimated 
on the basis of cell growth as determined by total protein analysis 
conducted on Day 5 (23). 
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Constituents of Mammea americana L. I X :  
Oxidation of Mammein and Mammeisin 


R. A. FINNEGAN. and K. E. MERKEL 


Abstract 0 Cyclomammein, a putative marney seed oil constituent, 
which has been obtained from mammein by treatment with per- 
acids, was also produced upon air oxidation of the latter. In addi- 
tion, two other air oxidation products of mammein were character- 
ized. Both of these were also isolated by chromatography of the 
crude mammein mixture and, in common with cyclomarnmein, may 
be artifacts. One of these, designated M-9, CnHmOs, m.p. 217- 
219', is a linearly fused chromano coumarin; the other, L-2, 
CnH,sO,, m.p. 181-182", contains a novel cyclic peroxide grouping 
and can be converted to cyclomammein by catalytic hydrogenation. 
The structures of these compounds were assigned on the basis of 
NMR and mass spectral measurements. The oxidation of marnmein 
and mammeisin with dichlorodicyanobenzoquinone was also 
carried out. This leads to the corresponding chromeno coumarins: 
in the latter case, the product proved, as expected, to be identical 
with another mamey oil constituent, rnammeigin. Finally, treatment 
of mammeisin with peracid leads to the derived dihydrofurano 
cournarin. 


Keyphrases 0 Mammea umericarin L.--oxidation of marnrnein and 
rnammeisin 0 Mammein and mammeisin-oxidation. isolation, 
and characterization of cyclomammein, chromeno and dihydro- 
furano coumarins 0 Cyclomammein formation-oxidation of 
rnammein Coumarins, chromeno and dihydrofurano formation- 
oxidation of mammein and mammeisin 0 Oxidation of mammein 
and mammeisin-isolation and characterization of products 0 
NMR spectroscopy-identification, rnammein and rnarnmeisin 
oxidation products 0 Mass spectroscopy -identification, mam- 
mein and rnamrneisin oxidation products 


The preceding article (1) reported on the occurrence 
of a new series of Mammea coumarins (IV, V, and VI), 
which are related to mammein (I), neomammein (II), 
and normammein (111) in that the isopentenyl sub- 
stituent a t  C-6 in the latter three molecules has under- 
gone oxidative cyclization with the C-5 hydroxyl group 
to produce the hydroxyisopropyl dihydrofurano moiety 


I 


* HO @o& 
M0 monoperphthdlic acid 


HO +? /i \ 
I: R = isobutyl 
I 1  R = scc -butyl 
IIk R = n -propyl 


IV: R =  isobutyl 


VI: R = N -propyl 
V: R=s~'c-bUtyl  


Scheme I 


which is present in the former three, named cyclo- 
mammein (IV), cycloneomammein (V), and cyclonor- 
mammein. (VI). The  peracid oxidation of I, 11, and I11 
provided a convenient partial synthesis of IV,  V, and 
VI, as illustrated in Scheme I .  This article discusses the 
details of further studies on the oxidation of mammein 
(I) and mammeisin (XX). 


DISCUSSION 


Peracid Oxidation of Mammein: Mammein Epoxide and Com- 
pound M-9-While the reaction illustrated in Scheme I proceeded 
cleanly in good yield, treatment of 1' with m-chloroperbenzoic 
acid for 5 hr. at 0" provided 1V in only 2 9 x  yield. However, in 
addition to IV, there was isolated a second substance, isomeric with 
IV, in 14% yield. This new product proved to be identicdl with a 
compound called M-9, isolated several years ago2 from rnammein 


' In  the reactions described in this paper. tht: marnmein ( I )  used as 
starting material was accompanied by small amounts of its difficultly 
separable congeners, 11 and 111. Accordingly. the products are similarly 
"contaminated." The properties of the inamm4:in mixture (I. with 11 
and 111) are discussed in Rejerencr I .  


2 R .  A.  Finnegan, unpublished experiments, 1959. 
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Mass Spectrometric Characterization of 
Carbamazepine-l0,ll-epoxide, a Carbamazepine Metabolite 
Isolated from Human Urine 


A. FRIGERIO, R. FANELLI, P. BIANDRATE, G. PASSERINI, P. L. MORSELLI, and S .  GARATTINI' 


Abstract 0 Carbamazepine-lO,l 1-epoxide was identified in human 
urine collected after the oral administration of 400 mg. of car- 
bamazepine. Mass spectrometric characterization confirmed the 
structure of this metabolic product, which was postulated after 
comparison with the synthetic epoxide. 


Key phrases 0 Carbamazepine-10.1 1-epoxide-identification as 
carbamazepine metabolite in human urine, mass spectrometric 
characterization 0 Carbamazepine oral administration-identifica- 
tion, characterization of carbamazepine-l0,l l-epoxide metabolite 
in urine, man 0 Mass spectroscopy-haracterization of car- 
bamazepine-l0,ll-epoxide 


The metabolic fate of carbamazepine (5H-dibenzo- 
[b,f]azepine-5-carboxamide), an iminostilbene deriva- 
tive with marked anticonvulsant activity (l), has not 
yet been determined, despite the wide use of the drug in 
clinical practice either as an antiepileptic agent or in  the 
treatment of trigeminal neuralgia (2-4). Knowledge 
about the pharmacokinetic aspects and metabolic 
pathways of degradation has proved useful for the 
interpretation of the pharmacological action of many 
drugs and has provided, in some instances, a more 
rational basis for therapy. 


The absorption, tissue distribution, and disap- 
pearance rates of carbamazepine in rats, as well as 
the absorption and excretion rates in humans, were 
the objects of previous studies ( 5 ,  6 ) .  This paper will 
show that after administration of carbamazepine 
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Figure 1-UV spectrum of the TLC eluates of: a, quenching zones 
with Rr oalues of 0.15 (System A )  rind 0.58 (System B);  and @, 
reference standard of carbamazepine-lO,l I-epoxide. 
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Figure 2-UV spectrum of an ethylene chloride urilie extract redis- 
soloed in 3 ml. of absolute etlianol. (For con,litiotis, see text.) 


to volunteers, carbamazepine-l0,ll-epoxide can be 
isolated from urine. 


EXPERIMENTAL 


Biological Samples-Urines of three healthy volunteers, who re- 
ceived 400 mg. of carbamazepine by the oral route, were collected 
at various times for a period of 24 hr. following drug administra- 
tion and were kept frozen until the analyses were performed. 


General Procedures-Thin-layer chromatograms were prepared 
on 20 X Ulcm. glass plates precoated with silica gel Fml and de- 
veloped a t  room temperature in carbon tetrachloride-methanol sys- 
tems (System A, 9 o : l O  v/v; and System B, 60:40 v/v). Car- 
bamazepine and the possible metabolites were visualized by UV 
light both at 365 and 254 nm. 


GLC determinations were performed on a chromatographz 
equipped with a flame-ionization detector. The chromatographic 


Figure S G L C  analysis of urine ethylene chloride extract. Key: A, 
urine blank extracts; B ,  urine extracts ajier curbamazepitie udmin- 
istration; C ,  standard carbamazepine-10,ll-epoxide; 0, carbam- 
azepine-10,l I-epoxide; @, curbamazepitre; and @, N-demethyl- 
diazepam (inrernal marker). 


1 Merck. 
2 Carlo Erba Fractovap G1. 
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Figure &Mass spectra of a compound extracted from urine (lower panel) and authentic carbamazepine (upper panel) (direct inlet system: 
probe temperature 70"). 


column was glass tubing, 2 m. long and 4 mm. i.d., packed with 
100-120-mesh Chromosorb Q and coated with 3x 0V-173. The 
operating conditions were: injection port temperature, 285" ; oven 
temperature, 260"; nitrogen (carrier gas) flow rate, 50 ml./min.; 
hydrogen flow rate, 20 ml./min.; and air flow rate, 300 ml./min. 


UV spectra were determined with a double-beam grating spec- 
t roph~tometer~ operated at a scanning speed of 60 mm./min. and 
a sensitivity of 10 mv. 


A mass spectrometer5 equipped with a gas chromatograph was 
used at the following conditions: energy of the ionization beam, 70 
ev. ; ion-source temperature, 290" ; accelerating voltage, 3.5 kv. ; 
and trap current, 60 Mamp. The introduction of the sample was 
carried out either by a direct inlet system (probe temperature 70") 
or by a GLC procedure on a glass spiral column, 1 m. long and 4 
mm. id., packed with 3% OV-17 on 100-120-mesh Gas Chrom Q, at 
the following conditions: injector temperature, 250" ; oven tempera- 
ture, 220"; helium (carrier gas) flow, 30 ml.]min.; and detector 
total ion monitor. 


Synthesis of Carbamazepine-10,11~poxide-Carbamazepine, 236 
mg., and rn-chloroperbenzoic acid, 200 mg., were dissolved in 10 
ml. of ethylene chloride. After 24 hr., the excess peracid was 
destroyed by addition of a sodium sulfite solution. The organic 
layer was separated, washed with a 5 %  sodium bicarbonate solu- 
tion, dried over sodium sulfate, and evaporated. The residue was 
suspended in 10 ml. of ether and filtered. The filtrate contained the 
carbamazepine- 10,ll-epoxide. The yield of epoxide, crystallized 
from ether, was 35%. The melting point was 190-195". 


The compound yielded RJ 0.15 in System A and R j  0.58 in Sys- 
tem B. An ethanolic solution showed a UV spectrum with maxi- 
mum absorbance at 212 nm. (Fig. 1). GLC analysis revealed a peak 
with a retention time of 1.56 min. Similar results were obtained 
with a reference standard of carbamazepine-l0,ll-epoxidea. 


Treatment of Biological Samples-Urines (10-20 ml.) were ex- 
tracted with ethylene chloride as previously described (5). The 
organic phase was washed twice with 1 N NaOH and once with 1 


3 Applied Science Lab. 
4 Perkin-Elmer model 124. 


6 Donated by Ciba-Geigy, Basel, Switzerland. 
LKB model 9000. 


N HCl and then concentrated to dryness in a water bath at  65" 
under a gentle stream of nitrogen. This material was then used 
for UV, TLC, GLC, and mass spectrometry. 


RESULTS AND DISCUSSION. 


The UV spectrum of the ethylene chloride residue redissolved in 
3 ml. of absolute ethanol revealed the presence of two peaks, at 
286 nm. (corresponding to carbamazepine) and at 212 nm. (Fig. 2). 


The GLC analysis yielded a peak with a retention time of 4.07 
min. (corresponding to  carbamazepine) and a second intense peak, 
with a retention time of 1.56 min., not present in the extract of 
urines obtained from the same subjects before the treatment with 
carbamazepine (Fig. 3). 


The ethylene chloride extract of 20 ml. of urine was concentrated 
to dryness and redissolved in 100 111. of freshly distilled acetone for 
chromatography on silica gel F25a plates in Systems A and B. 


1 +. 


~ N H ,  
m/e=236(23%) 


1 +. 


m/e = 193 (100%) 
Scheme I-Fragmentation pathway of carbamazepine 


Vol. 61, No. 7, July 1972 1145 







60 80 100 120 140 160 180 zoo 220 240 
m/e 


H 80- 
4 
0 z 


< 
3 60. 
rn 


40. 


l i  20. 
K 


I- c 252 


152 


Figure 5-Mass spectrum of a compound extracted from urine (lower panel) and authentic 
(direct inlet system: probe temperature 70"). 
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Two quenching zones not found in the urine blank were detected 
in each system: at  R, 0.15 and 0.22 in System A and at  RI 0.58 and 
0.68 in System B. The RI 0.22 and 0.68 spots corresponded to 
carbamazepine. The quenching zones were eluted with 2 ml. of 
acetone. The eluate was brought t o  dryness and analyzed spec- 
trophotometrically and gas chromatographically. The zones cor- 
responding t o  RI values of 0.22 (System A) and 0.68 (System B) 
yielded UV spectra and GLC retention times identical t o  those of a 
reference standard of carbamazepine. The zones corresponding t o  
RI values of 0.15 (System A) and 0.58 (System B) yielded UV spec- 
tra with maximum absorbance at  212 nm. (Fig. 1) and a GLC re- 
tention time of 1.56 min. A known sample of carbamazepine-lO,ll- 
epoxide had the same mobility on TLC ( R I  0.15 for System A and 


I 


40 l+* 


I 
CONHZ 


m/e-252(25$) 


CONH~ 


m'-197.3 -CHO' I 


m/e - 180 (1%) m/e - 223 (27%) 
Scheme 11-FraKmenlatiotr pathway of carbamazepine- IO- I I-epoxide 


CARBAMAZEPINE- 
io,n- EPOXIDE 


eO-N* 


M.W. 252 


CARBAMAZEPINE- 
10,ll- €POXID€ 
Extracted from 
human urine 


carbamozrpine-I0, I I-epoxide (upper panel) 


0.58 for System B) and yielded identical results with UV and GLC 
analyses (Figs. 1 and 3). 


The mass spectrum of standard carbamazepine (Fig. 4) showed 
the molecular ion at m/e 236; it was the second most intense peak 
in the spectrum (relative intensity 2 3 x ) .  The base peak (m/e  193) 
was produced by the loss of HNCO from the molecular ion, as evi- 
denced by a metastable ion m* at m/r 157.8. This fragmentation 
pathway is shown in Scheme I. 


Mass spectrometric analysis of the acetone eluates obtained 
from urine submitted to TLC revealed a mass spectrum identical 
to that of carbamazepine for the zone with RI 0.22 (System A) and 
RI 0.68 (System B) (Fig. 4). 


The mass spectrum of the eluate from the zones with RI 0.15 
(System A) and RI 0.58 (System B) exhibited the molecular ion at  
m/e 252 (relative intensity 25%). It showed a loss of 29 mass units 
t o  give an intense peak at m/e 223 (relative intensity 27%). This 
transition was confirmed by a metastable ion m* at  m/e 197.3. 
The loss of 43 mass units from the fragment ion at m/e 223 gave 
rise t o  the base peak at  m/e 180. The presence of a metastable peak 
m* at  m/e 145.2 confirmed this latter fragmentation. 


The presence of the molecular ion at m/e 252 with an increase of 
16 mass units with respect t o  the carbamazepine mass spectrum sug- 
gests the gain of an oxygen atom during biotransformation. 
The fragmentation pathway suggests that the oxygen atom may be 
located at carbons 10 and 1 1  t o  form the epoxide derivative of 
carbamazepine. Scheme 11 shows the probablc fragmentation pat- 
tern of this molecule. The hypothesized structure was confirmed by 
the fact that the mass spectrum of authentic carbamazepine-lO.11- 
epoxide was identical to that of the metabolite (Fig. 5 ) .  


The mass spectrum ofthe GLC peak with retention time 4.07 min. 
was identical t o  that of the carbamazepine standard. The mass 
spectrum of the peak with retention time 1.56 min. showed an in- 
tense ion at  m/e 207 and a fragmentation pattern difficult to inter- 
pret. This spectrum was identical to that obtained when the mass 
spectrometric analysis was carried out on the peak resulting from 
the injection of the authentic carbamazepine-lO,l I-epoxide in the 
GLC column. Carbamazepine-lO,l 1-epoxide probably undergoes a 
thermal degradation during the GLC analysis. Further studies are 
in progress to elucidate the structure of the thermolysis productb). 
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The identification of a stable epoxide as a major metabolite of 
carbamazepine is of interest as a possible precursor of hydroxylated 
metabolites which are now being identified and may be present 
in the urines of subjects treated with carbamazepine. 


Although the pharmacological properties of carbamazepine- 
10,ll-epoxide are still unknown, it is tempting to speculate that 
this metabolite may be involved in the cases of agranulocytosis 
ascribed to the administration of carbamazepine (2). 
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Rapid Analysis of Iodochlorhydroxyquin and 
Related Halogenated 8-Hydroxyquinolines via 
GLC of Their Trimethylsilyl Ethers 


M. P. GRUBER, R. W. KLEIN‘, M. E. FOXX, and J. CAMPISI 


Abstract 0 A rapid GLC analysis procedure of the trimethylsilyl 
ethers of 8-hydroxyquinoline and related halogenated 8-hydroxy- 
quinolines, with significantly greater accuracy and precision than 
official procedures, is presented. A 5-20-fold increase in sensitivity 
is obtained, allowing detection, identification, and quantitation of 
impurities at low levels. The method is free of apparent interferences 
and may be extended to provide rapid, accurate analyses of di- 
iodohydroxyquin and other halogenated 8-hydroxyquinolines. 


Keyphrases 0 Iodochlorhydroxyquin and related 8-hydroxy- 
quinolines-rapid GLC analysis 0 8-Hydroxyquinolines, halo- 
genated-rapid GLC analysis 0 GLC-analysis, iodochlorhy- 
droxyquin and related halogenated 8-hydroxyquinolines N- 
Trimethylsilylimidazole-silylating reagent for rapid GLC analysis 
of halogenated 8-hydroxyquinolines 


The procedure employed in the USP XVIII (1) for the 
assay of iodochlorhydroxyquin marks a significant de- 
parture from that listed in an earlier edition (2), which 
employed an oxygen flask combustion followed by a 
potentiometric titration of the liberated halides. Iodo- 
chlorhydroxyquin in creams, ointments, and supposi- 
tories was measured spectrophotometrically in glacial 
acetic acid at 325 nm. Both procedures have given way 
to  the IR technique of Urbanyi er al. (3), which involves 
the absorbance peak of 14.4 p (694 cm.-l) peculiar t o  


iodochlorhydroxyquin among the halogenated 8-hy- 
dr oxy quinolines. 


Previous investigations with spectrophotometric, 
colorimetric, titrimetric, polarographic, and chromato- 
graphic procedures suffered from one common failing; 
each was unable to  distinguish one or more impurities 
from one another or from the parent compound. The 
TLC method of Korzun et al. (4) provided the best 
separation of halogenated 8-hydroxyquinolines but 
failed to  separate 5,7-dichIoro-8-hydroxyquinoline, 


1200 1000 900 800 700 600 
WAVE NUMBER.  crn. -1  


Figure 1-IR spectrum of iodochloroliydroxyqiiin (5.00 rng.lml.) in 
carbon disulfde (6 )  superimposed 011 carbon disulfde (a) in 3.mm. 
sodium chloride ceN. 
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Constituents of Mammea americana L. I X :  
Oxidation of Mammein and Mammeisin 


R. A. FINNEGAN. and K. E. MERKEL 


Abstract 0 Cyclomammein, a putative marney seed oil constituent, 
which has been obtained from mammein by treatment with per- 
acids, was also produced upon air oxidation of the latter. In addi- 
tion, two other air oxidation products of mammein were character- 
ized. Both of these were also isolated by chromatography of the 
crude mammein mixture and, in common with cyclomarnmein, may 
be artifacts. One of these, designated M-9, CnHmOs, m.p. 217- 
219', is a linearly fused chromano coumarin; the other, L-2, 
CnH,sO,, m.p. 181-182", contains a novel cyclic peroxide grouping 
and can be converted to cyclomammein by catalytic hydrogenation. 
The structures of these compounds were assigned on the basis of 
NMR and mass spectral measurements. The oxidation of marnmein 
and mammeisin with dichlorodicyanobenzoquinone was also 
carried out. This leads to the corresponding chromeno coumarins: 
in the latter case, the product proved, as expected, to be identical 
with another mamey oil constituent, rnammeigin. Finally, treatment 
of mammeisin with peracid leads to the derived dihydrofurano 
cournarin. 


Keyphrases 0 Mammea umericarin L.--oxidation of marnrnein and 
rnammeisin 0 Mammein and mammeisin-oxidation. isolation, 
and characterization of cyclomammein, chromeno and dihydro- 
furano coumarins 0 Cyclomammein formation-oxidation of 
rnammein Coumarins, chromeno and dihydrofurano formation- 
oxidation of mammein and mammeisin 0 Oxidation of mammein 
and mammeisin-isolation and characterization of products 0 
NMR spectroscopy-identification, rnammein and rnarnmeisin 
oxidation products 0 Mass spectroscopy -identification, mam- 
mein and rnamrneisin oxidation products 


The preceding article (1) reported on the occurrence 
of a new series of Mammea coumarins (IV, V, and VI), 
which are related to mammein (I), neomammein (II), 
and normammein (111) in that the isopentenyl sub- 
stituent a t  C-6 in the latter three molecules has under- 
gone oxidative cyclization with the C-5 hydroxyl group 
to produce the hydroxyisopropyl dihydrofurano moiety 


I 


* HO @o& 
M0 monoperphthdlic acid 


HO +? /i \ 
I: R = isobutyl 
I 1  R = scc -butyl 
IIk R = n -propyl 


IV: R =  isobutyl 


VI: R = N -propyl 
V: R=s~'c-bUtyl  


Scheme I 


which is present in the former three, named cyclo- 
mammein (IV), cycloneomammein (V), and cyclonor- 
mammein. (VI). The  peracid oxidation of I, 11, and I11 
provided a convenient partial synthesis of IV,  V, and 
VI, as illustrated in Scheme I .  This article discusses the 
details of further studies on the oxidation of mammein 
(I) and mammeisin (XX). 


DISCUSSION 


Peracid Oxidation of Mammein: Mammein Epoxide and Com- 
pound M-9-While the reaction illustrated in Scheme I proceeded 
cleanly in good yield, treatment of 1' with m-chloroperbenzoic 
acid for 5 hr. at 0" provided 1V in only 2 9 x  yield. However, in 
addition to IV, there was isolated a second substance, isomeric with 
IV, in 14% yield. This new product proved to be identicdl with a 
compound called M-9, isolated several years ago2 from rnammein 


' In  the reactions described in this paper. tht: marnmein ( I )  used as 
starting material was accompanied by small amounts of its difficultly 
separable congeners, 11 and 111. Accordingly. the products are similarly 
"contaminated." The properties of the inamm4:in mixture (I. with 11 
and 111) are discussed in Rejerencr I .  


2 R .  A.  Finnegan, unpublished experiments, 1959. 
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* - N  


- M-9 


VII  R = isobutyl 


Scheme I1 


mother liquors and which has since been reisolated. When I was 
treated with m-chloroperbenzoic acid at  room temperature, but 
for only 1 hr., it was possible to isolate the intermediate mammein 
epoxide (VII), a substance that had eluded us during earlier epoxi- 
dation studies (I) .  Its structure followed from its mode of formation 
and microanalytical and spectral data, as well as from its chemical 
reactivity which was quite pronounced. Indeed, simple heating in 
ethanol during attempts at  recrystallization resulted in its quantita- 
tive conversion into cyclomammein (IV)l, while treatment of VII 
with dilute mineral acid provided mainly M-9 (Scheme It). 


Possible structures for M-9, which could be simply derived from 
the epoxide VII by alternative modes of interaction of the oxide 
group with the phenolic hydroxyl groups, are illustrated in Scheme 
111. Structure IV was naturally ruled out since it had been already 
assigned to cyclomammein. Among the remaining possibilities, the 
NMR and mass spectral data required the choice of Structure X 
for M-9. The absence of a hydrogen-bonded hydroxyl group was 
evident from the lack of absorption at  low field ( -  1 to - 57)  typical 
of such a function. The hydroxyl line appeared a t  +4.657, indica- 
tive of a nonchelated hydroxyl, which was sufficient evidence upon 
which to rule out the angularly fused Structure VIII. Consistent 
with this was the fact that the compound failed to give a positive 
reaction with ferric chloride. The remaining choice between IX and 
X ,  the linearly fused isomers, was governed again by reference to  
the NhlR spectrum which showed a triplet ( J  = 6.5 Hz.) at 6.237 
(>CHOH) which is compatible only with Structure X .  


The mass spectrum of X was generally similar to that of IV; how- 
ever, certain differences were apparent which supported the assign- 
ment of X .  The base peak in the spectrum of X, as well as in IV (1)  
and the other Manimea coumarins (2), arises from the loss of R .  
from the acyl substituent. The ion thereby resulting from X, m/e 
331, may then give rise to m / e  313 by the loss of water, and to m/e 
259 by the loss of 72 mass units as indicated by the arrows in Scheme 
IV. The relative abundance of these latter two peaks weighs heavily 
in favor of the chroman Structure X rather than the dihydrofuran 
Structure IX. Although they are present in the spectrum of IV, their 
relative abundances are only 2 and lo%, respectively. Furthermore, 
the ion at m/e 59, which occurs in the spectrum of IV with a relative 
abundance of 9 2 and which was taken in support of the hydroxy- 
isopropyl dihydrofurano structure(1) [i.e., (CH&C+OH], is present 
in the spectrum of X only to the extent of 2%. As expected', the 


OAR OAR 
N VIII 


HO +c+o O R  HO* 0' R 0 


Ix X (M-9) 


R = isobutyl 


Scheme I11 


,c+ 
331+(100) 


231+(10) + -co 259+(35) 4- r)(] 
72 


Scheme I V 


spectrum also showed an ion at  mle 374, indicative of the presence 
of the nor-compound, X, with R = n-propyl. 


Air Oxidation of Mammein (I): Compound L-2-After a chloro- 
form solution of mammein' stood for 5 days in a loosely stoppered 
flask, several new substances could be detected by TLC. After 20 
days, a crystalline precipitate appeared which was identified 
as M-9 (X); after 75 days, simple filtration gave a 5 . 4 z  yield 
of M-9 (m.p. 217-219") of the highest quality so far encountered. 
Examination of the filtrate (TLC) showed the presence of addi- 
tional M-9, cyclomammein (IV), and a substance called L-2 which 
was originally isolated by Crombie et at. (3). Four other substances 
were detected but not identified. The air oxidation of I to 1V has a 
close precedent (4) in the air oxidation of colupulone (XI), as illus- 
trated in Scheme V. 


Compound L-2, m.p. 181-182", was also isolated from the chro- 
matography of the crude mammein mixture (I, 11, and 111) and has 
the formula C22H2607, indicating the highest oxidation level of any 
Mammea coumarin so far encountered. Its NMR spectrum showed 
that the substituents at  C-3, C-4, and C-8' were intact, as was the 
hydroxyl at  C-7 (-4.47 and positive ferric chloride test). The addi- 
tional signals, which must arise from the remnants of the C-6 sub- 
stituent, consisted of a singlet at  8.567 (6H, the two methyl groups) 
and an  AB quartet, one half centered at  3.927 ( lH ,  J = 6 Hz.) and 
the other at  4.537 ( l H ,  J = 6 Hz.). This quartet was first considered 
to arise from a pair of vinyl hydrogens attached to a chromene ring; 
however, the chemical shifts and the coupling constants corre- 
sponded very poorly with expectations based on numerous literature 
models. An important clue to the structure of L-2 was discovered 
when it was observed that catalytic reduction produced, infer nlia, 
cyclomammein (IV); this fact, along with the spectral and analytical 
data, is most easily accommodated by Structure XI1 containing the 
unusual cyclic peroxide moiety (Scheme VI). 


The A B  quartet, then, is due to absorption by the hydrogens 
located at  the ring junctures, and it is assumed that this juncture is 
cis in view of the great difficulty normally encountered in the forma- 
tion of fraru-fused five-membered rings. The presence of a peroxide 
unit in the molecule was verified by the observation of a positive 
test with potassium iodide in acetic acid. (This test was negative 
for IV and VII.) Compound L-2 shows an abnormally high carbonyl 
frequency in the IR (1754 cm- '  compared with 1715 cm.-l for IV). 


XI 


Scheme V 
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OAR 
XII (L-2): R = isobutyl 


Scheme YI 


The reason for this effect is not clear, although it may be in some 
way related to the increased strain in the molecule stemming from 
the presence of the additional five-membered ring. 


The mass spectrum of L-2 differs markedly from that of the other 
Mammra coumarins in which the base peak uniformly arises by the 
loss of R. from the acyl substituent. To be sure, this process occurs 
with L-2 to give the ion mle 345; however, the abundance of this ion 
is only 14"/, of the base peak which is at m/e 43. The fragmentation 
of L-2 appears to be dominated, perhaps not surprisingly, by the 
presence of the peroxide ring. A hypothetical scheme which ratio- 
nalizes the formation of many of the major ions was presented by 
Merkel(5). 


In addition to L-2, Crombie et a / .  (3) also isolated the related hy- 
droperoxide XI11 (Compound L). Aside from ascaridole (XIV), the 
authors are aware of only one other cyclic peroxide isolated from 
plant sources: the terpene nardosinone (XV) reported by Rucker 
(6). An interesting four-membered peroxide (XVI) has been iso- 
lated from the mixture obtained in the pyridine-catalyzed reaction 
of olivetol with citral(7). 
Dichlorodicyanobenzoquinone Oxidation of Mammein-Following 


the procedure used by Dudley and Chiang (8) for the oxidation of 
isolapachol, mammein' was converted into the corresponding 
chromene derivative XVII and then, by reduction, to the chroman 
XVIlI (Scheme VII). That the cyclization occurred in the direction 
involving the C-5 hydroxyl as shown, rather than the C-7 hydroxyl, 
was evident from the NMR spectrum which showed a signal at 
-4.437 for the chelated hydroxyl group. The formation of the 
chroniene ring was clearly indicated by the vinyl hydrogen absorp- 
tion which appeared as an A B  quartet with the expected chemical 
shifts (3.287, lH ,  J = 10 Hz.; 4.427, lH, J = 10 Hz.). Compound 
XVII was recently synthesized by Games and Haskins (9). 


It is interesting that the acid-catalyzed cyclization of mammein, 
in contrast to the oxidative cyclizations, occurs to give the linear 
derivative XIX, whose structure was deduced from its analytical 
and spectral properties as well as the fact that it was clearly different 
from its isomer XVIII (cf, the reactions of epoxide VII). 


Peracid and Dichlorodicyanobenzoquinone Oxidations of Mam- 
meisin (XX)-Reaction of mammeisin (XX) (10) with peracid led 
to the dihydrofurano coumarin, cyclomammeisin (XXI). This 
structure (Scheme VIII), rather than the corresponding chroman, 
was clear from its NMR spectrum. An anomalous feature of this 
spectrum, however, was the fact that the methylene hydrogens next 
to the C-6 carbonyl group appeared, under high resolution, as an 
eight-line ABX pattern, indicating the magnetic nonequivalence of 
the two protons. It is not clear how this arises, although it may be How 0 


OAR 
X I E  R = isobutyl XIV 


xv XVI 


dichlorodic yanobenzoquinone 
I 
I HO 


OAR 
X W  


I HZ I t 


Y o  I 
HO wo 


XM: m.p. 215.5-216.5' XVIII: m.p. 104-105" 


R = isobutyl 


Scheme VI1 
due to restricted rotation and crowding of the acyl substituent , 
probably brought about by an unusually strong hydrogen bond 
with the C-5 hydroxyl. This strong hydrogen bond may, in turn, be 
the result of a butressing effect of the 4-phenyl group. This second- 
order coupling is absent in the spectrum of the (phenolic) acetate 
derivative (XXIII), which does show an exceptionally high field 
resonance (8.707) for the acetate methyl, no doubt a shieldipg effect 
of the proximate phenyl substituent. 


The mass spectrum of XXI differs from its relatives bearing a 4- 
n-propyl group in that the parent ion peak is also the base peak, 
indicating the stabilizing influence of the phenyl group. Major 
fragmentation pathways include the loss of acetone from the parent 
to give m/e 364 (3773, which is supported by a metastable peak at 
m/e 314.5. In common with other Mammea coumarins, the loss of 
the isobutyl radical from the acyl substituent is also important. 
Other fragmentation pathways parallel those reported for columbi- 
anetin (11) and marmesin (12). The abundant ion at m/e 59 (48 %) 
has already been noted as being diagnostic for the hydroxyiso- 
propyl dihydrofurano moiety in these compounds. 


The acid-catalyzed dehydration and rearrangement of XXI to 
XXII has ample precedent (13). Also, it is perhaps not surprising 
that cyclomammeisin (XXI) has been found, along with its 6a- 
methylbutyryl isomer, to be present in mamey seed oil (14). 


peracid - 
0 


XX 


0 


HO 


H+ - 
0 


XXI:R=H XXII 
XXm. R =  COCHS 


Scheme VIII 


Vol. 61, No. 10, October 1972 0 1605 







Finally, the reaction of mammeisin (XX) with dichlorodicyano- 
benzoquinone provided easy access to the chromeno coumarin, 
mammeigin (XXIV), a mamey seed constituent whose structure 
was determined previously in this laboratory (Scheme IX) (1 5). 


Mammein Oxidation Products as Artifacts-It is impossible to 
give a definite answer to whether the mammein oxidation prcducts 
are artifacts. The isolation work in this laboratory was carried out 
with mamey seed oil that had been stored for a long time. Indeed, 
IV, X, and XI1 were obtained by rechromatography of a preiso- 
lated, but crude, Mommea mixture of I, 11, and 111; it has been 
noted that X was originally isolated from mammein mother liquors. 
Furthermore, we were informed by Dr. D. E. Games3 that Com- 
pounds IV, XII, and XI11 could not be detected in fresh extracts in 
Crombie's laboratory. This negative evidence, along with the facile 
conversion of I to IV, X, and XI1 by simple exposure to air as re- 
ported here, makes it probable that these products are artifacts. 
It has not yet been determined whether or not these oxidations are 
light catalyzed, although similar photooxygenations of isopentenyl 
side chains, both sensitized and unsensitized, have been reported 


Since a number of natural products contain the dihydrofurano 
or chromano moieties present in IV and X, it is possible that some 
of these are also the result of oxidative transformations which occur 
during isolation, rather than being true plant metabolites. 


(1 6-1 8). 


EXPERIMENTAL4 


Mammein Epoxide (VI1)-A solution of m-chloroperbenzoic acid 
(1.48 g., 8.5 mmoles) in methylene chloride (10 ml.) was added 
dropwise to a stirred solution of mammeinl (2.00 g., 5.35 mmoles) 
in methylene chloride (15 ml.). The reaction mixture was stirred for 
1 hr. at room temperature. The insoluble m-chlorobenzoic acid 
was separated by filtration and washed with methylene chloride. 
The combined methylene chloride solutions were washed with 
saturated aqueous sodium bicarbonate solution (6 X 20 ml.), 
water (4 X 20 ml.), and saturated aqueous sodium chloride solution 
(2 X 20 ml.); they were then dried with anhydrous magnesium 
sulfate and evaporated to dryness. The solid residue was recrys- 
tallized from ether-hexane to give a white crystalline solid, m.p. 
124-125", 1.68 g., 80.5% yield. Three further recrystallizations from 
ether-hexane furnished the analytical sample of VII, m.p. 125- 
126"; ~2::: 2950, 1730, 1721 (sh), 1631 (sh), 1597, 1399, and 1198 


. 225, 235 (sh), and 300 nm.; log t :  4.37, 
. 242, 235 (sh), and 375 nm.; 


log t :  4.39, 3.80, and 4.31; NMR (CDCI,, tetramethylsilane): T 


-5.0 (IH, s), 0.73 (IH, s), 3.92 ( lH ,  s), and 6.0-9.2 (25H, m). 
Consistent with the structure assigned to  VIl is the lack of signals 
between 4 and 67. A definite assignment of signals for the a-proton 
of the epoxide ring and the adjacent beiizylic protons was not pos- 
sible due to  the complexity of the spectrum. The signals for the 
methyl protons in the starting material (8.15 and 8.207) are shifted 
upfieid In the product to 8.40 (3H, s) and 8.587 (3H, s). A further 
difference is observed for the absorption of the phenolic hydroxyl 
proton at C-5. In the starting mammein it appears at 3.157, while 
in V1I it is shifted down to 0.737. This shift may be an indication of 
hydrogen bonding of this proton to the epoxide oxygen. 


Anal.-Calc. for C22H2806: C, 68.02; H, 7.27. Found: C, 68.11; 
H, 7.34. 


Attempted recrystallization of VII from hot ethanol resulted in 
the quantitative formation of cyclomammein (IV), as judged by 
mixed melting point and spectral comparisons. 


Compound M-9 (X) by Chromatography of Mammeinl Mixture- 
In the previous article (1) the isolation of the crude mammein mixture 
(1 ,  11, and 111) from mamey oil and its additional purification by 
further chromatography was described. In  a similar way, mammein 
(9 8.) was chromatographed through a column of acid-washed 
alumina (Merck, deactivated with 3 % water). This particular 
column was eluted over several months with hexane, benzene, 
chloroform, and mixtures of these for a total of 70 fractions. The 
majority of the residues were crystalline; as has been described ( I ) ,  
the separation of I ,  11, and 111. as well as the formation of IV, V, 
V1, X, and XI1 could be followed by TLC. The residue from Frac- 
tion 29 (1 : 1 benzene-chloroform) was triturated with chloroform to 


cm,- 1; ettmnol-O.Ol .v HCI. 


4.21, and 4.43; ~ 9 5 %  ethanol-0.01 N N n O H .  
mar 


3 D. E. Games, private communication, 1966. 
4 See Footnote 6 in  Reference 1. 


0 HO 0 -yo dichlorodicyanobenzoquinone 
xx 


/ 


xxlv 
Scheme I X  


furnish a white solid, m.p. 213-217", 27 mg. The spectral properties 
of this compound were indistinguishable from those of compound 
M-9, m.p. 207-21 1 O ,  isolated previously* from mammein mother 
liquors; v 2 Z :  3367(broad), 2959,1701,1592, 1563, 1391, 1190, 1138, 


. 223, 258, and 319 nm.; log e:  
4.36, 3.80, and 4.24; Ag5' r n l X  ethnnoL-o.oL 258, 328, and 388 nm.; 
log t :  4.15,4.31, and 3.94; NMR (dimethyl sulfoxide-&, tetramethyl- 
silane): 7. 4.07 ( lH,  s), 4.65 (IH, broad singlet), 6.23 ( lH ,  t ,  J = 
6.5 Hz.), 6.9-7.6 (6-7H, m), 8.10-8.65 (4-5H, m), 8.70 (3H, s), 8.78 
(3H, s), and 8.88-9.20(98, m). 


Aml.-Calc. for CT2H~806: C, 68.02; H, 7.27. Found: C, 68.03; 
H, 7.27. 


Compound L-2 (XII) by Chromatography of Mammeinl Mixture- 
The preceding article (1) described the chromatographic separation 
of 10.71 g. of the mammein mixture, which led to  the isolation of 
cyclomammein (1V)l. In that experiment the fractions (80-1 13) 
(benzene to  4 : 1 benzene-chloroform) preceding those from which 
IV  was obtained contained 1.75 g. of a new substance identified 
as L-2, a compound first isolated by Crombie et ul. (3). Recrystalliza- 
tion of the crude residues from benzene-hexane gave 0.75 g. of tan 
needles, m.p. 160-178". This material was further purified by char- 
coal treatment (chloroform solution) and subsequent recrystalliza- 
tion from ethanol t o  give fine white needles, m.p. 175-177". Three 
additional recrystallizations from ethanol furnished the analytical 
sample, m.p. 181-182"; ~2::: 2959, 2924, 2865, 1754, 1634, 1616 
(sh), 1605, 1466, 1427, 1395, 1351, 1233, 1203, 1176, 1151, 1135, 


, mar . 221. 290, and 310 
(sh) nm.; log t: 4.42, 4.35, and 4.21 ; A".: ethnno'-O.O1 .' NnoH: 7-35, 280 
(sh), and 370 nm.; log e:  4.36, 3.79, and 4.29; NMR(CDCI,, tetra- 
methylsilane): 7 -4.43 and -4.39 (IH, two singlets), 3.92 (IH, d, 
J =  6Hz.),3.99(1H,s),4.53(1H,d,J=6Hz.),6.7-7.3(3-4H,m), 
8.0-8.6(4H. m), 8.56(6H, s), and 8.6-9.1 (7-8H, m). 


Aizal.-Calc. for C22H?607: C, 65.66; H, 6.51. Found: C, 66.20; 
H, 6.73; M+ 402. 


This compound gave a positive ferric chloride test and liberated 
iodine from a solution of potassium iodide in acetic acid, char- 
acteristic of peroxides (19). Thus, a small sample (1-3 mg.) of C 2  
was dissolved in glacial acetic acid (0.3 ml.) under a carbon dioxide 
atmosphere. Addition of solid potassium iodide (3-6 mg.) led to  
simultaneous liberation of iodine. This test was negative with 1V 
and V11, which were tested under the same conditions. 


Catalytic Reduction of Compound L-2-Compound L-2, m.p. 
168-172", 0.197 g., was stirred in a I :8 mixture of ethanol-ethyl 
acetate (40 ml.) with 10% palladium-on-carbon (0.05 g.) in a hydro- 
gen atmosphere at  25". After 2 hr., 1.34 molar equivalents of hydro- 
gen were taken up. Filtration of the mixture and evaporation of the 
solvent afforded a slightly brown semisolid (0.225 g.). Crystalliza- 
tion of this material from benzene-hexane gave a colorless solid 
(0.090 g.), m.p. 130-134". TLC of this material gave a weak rpot with 
an identical R, value to that of IV and a stronger spot of lower 
Rtvalue. Concentration of the mother liquor gave another crystalline 
material, m.p. 118-125" (0.045 g., 25%), which was identified by 
IR, NMR, and TLC comparisons as cyclomammein (IV).  
In two additional attempts to  carry out the reduction described 


above, mixtures of higher melting solids (e.g., 148-157, 159-164, 
and 140-155"), all having nearly identical 1R spectra and giving 
negative peroxide tests, were obtained but were not characterized. 
Further reduction gave material, m.p. 100-130", which showed 
five spots on TLC of lower mobility than that of IV. It appears that 
overreduction takes place, but it is not known why the initial reduc- 
tion of L-2 to give IV could not be reproduced, at  least in two 
attempts. 


Air Oxidation of Mammein-A sample of mammein, which showed 
by TLC only the three spots for I, 11, and 111, m.p. 123-129" 


and 1122 cm,-i; x Y 5 %  ethanol-0.01 .\ 'HCI. 
msx 


1120, 911, and 817 cm,-l. ~ 9 5 %  efhsnol-001 Y H C I .  
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(2.000 g.), was dissolved in chloroform (20 ml.) and allowed to stand 
in contact with air at  room temperature. After5 days, TLC showed 
additional spots of lower mobility than that of the starting material. 
After 20 days, the separation of a crystalline white solid began to  
take place. After 75 days, this solid was separated by filtration, 
washed with chloroform, and dried to  give 0.109 g. (5 .4z)  of fine 
white needles, n1.p. 217-219". This product was identified by spectral 
and TLC comparisons as Compound M-9 (X). TLC analysis of the 
chloroform filtrate showed a total of eight components, of which 
four were identified as starting material, Compound L-21 (XII), 
cyclomammein (IV)l, and Compound M-9I by comparison with 
authentic samples applied on the same plate. 


Compound M-9 from Peracid Oxidation of Mammein-m- 
Chloroperbenzoic acid (0.750 g., 3.7 mmoles) was added in one 
portion to an ice-cooled, stirred solution of mammein' (1.00 g., 
2.7 mmoles) in chloroform (20 ml.). The mixture was stirred for 
5 hr. at O", after which time TLC analysis indicated that the starting 
material was consumed. The solution was diluted with chloroform 
(30 ml.) and then washed with saturated aqueous sodium bicar- 
bonate solution (8 X 20 ml.), water (4 X 20 ml.), and saturated 
sodium chloride solution (2 X 25 ml.); it was dried with anhydrous 
magnesium sulfate. Evaporation of the solvent afforded a yellow 
solid which was then triturated with benzene. The insoluble material 
was separated by filtration to  give 0.143 g. of a white crystalline 
solid, m.p. 190--195" (14%). One recrystallization from aqueous 
ethanol raised the melting point t o  201-203". This product was 
homogeneous by TLC, and its spectral data (IR, UV. and NMR) 
were indistinguishable from those of Compound M-9 (X). 


From the benzene filtrate was isolated, in 29% yield, the com- 
pound cyclomamrnein (tV)l, as shown by TLC and spectral com- 
parisons. 


Oxidation of Mammein with Dichlorodicyanobenzoquinone : 
Chromene XVII-A solution of mammeinl (1.000 g., 2.69 mmoles) 
in benzene (10 ml.) was added in one portion to  a stirred solution 
of 2,?-dichloro-5.6-dicyanobenzoquinone (0.714 g., 3.15 mmoles) 
in benzene (10 ml.). The reaction mixture was stirred for 24 hr. at  
room temperature and filtered, and the collected solid (the hydro- 
quinone) was washed thoroughly with benzene. The combined 
benzene solutions were evaporated to dryness, and the resulting 
dark-brown oil was redissolved in benzene (1.0 ml.) and applied to 
a column of neutral alumina (Woelm, activity grade 11). Elution 
with benzene (375 ml. total) and evaporation of the eluent gave 
331 mg. yellow oil; further elution with benzene-chloroform mix- 
tures provided only negligible amounts of oily residues. The oily 
product was dissolved in hexane (3 ml.), and the solution was filtered 
and cooled to  - 15". The crystalline material obtained was separated 
and washed with cold hexane. m.p. 70-89", 0.177 g. (18% 
yield). Several recrystallizations from cold hexane provided the 
analytical sample of XVII, m.p. 89--91"; vI.9': 2959, 1748, 1642, 
1616. 1580. 1410. 1393, 1198, 1179, 1149, 1130, and 1111 cm.-I; 


. 221. 274, and 300 nm.; log t :  4.28, 4.26, and 
. 242, 280 (sh). and 380 nm.; log t :  4.32 


and 4.27; NMK (CDCI,, tetramethylsilane): T -4.43 ( lH ,  s), 


6.88 (2H, d, J = 6.5 Hz.), 7.09 (2H, t, J = 8 Hz.), 8.0-8.6 (3H, m), 
8.47 (6H, s), and 8.65-9.18 (9H, m). 


And-Calc. for C?2H2601: C, 71.33; H ,  7.08. Found: C, 71.12; 
H. 7.02. 


Catalytic Reduction of XVII: Chroman XVIII-A solution of 
the chromene XVII1 (0.153 g, 0.41 mmole) in ethanol (15 ml.) and 
5% palladium-on-carbon (75 mg.) was stirred in a hydrogen atmo- 
sphere at 25". After 1 hr., 1.2 molar equivalents of hydrogen had 
been taken up and the mixture was filtered, the catalyst being washed 
with hot ethanol. The filtrate and washings were combined and 
evaporated to dryness to  yield 0.130 g. (84%) yellow oil, which was 
crystsllized from hexane to give pale-yellow crystals of XVIII. m.p. 
93-~97" (61 mg.. 40%). Three additional recrystallizations from 
aqueous ethanol afforded the analytical sample, m.p. 104-105"; 


1205, 1160. and 1121 cm.-'; Xyz ethnno'-O.O1 HC1: 222, 297, and 316 
iim.; log t :  4.42, 4.39, and 4.24; e t h a n o ' - o ~ o l h N e o H :  240 and 384 
nm.; logt :  4.40and4.29. 


Atla/. -Calc. for Cz2HZ8OB: C, 70.95; H, 7.58. Found: C, 70.66; H ,  
7.88. 


Acid-Catalyzed Cyclization of Mammein: Chroman XIX-con- 
centrated sulfuric acid (0.2 ml.) was added dropwise to a stirred 
solution of mammein' (817 mg., 2.2 mmoles) in glacial acetic acid 


~ " 5 7 "  ethanol-0 01 P H C l .  


4,37; A:,,",": ct l imol- ( l  01 N N a O H .  
l " l X  


3.28 (IH,  d. J := 10 Hz.), 4.00 (IH, s), 4.42 ( lH ,  d, J = 10 Hz.). 


via!,':: 2941. 1739, 1613. 1590, 1565. 1425, 1404, 1374, 1302, 1294. 


(15 ml.). The reaction mixture was kept for 3 hr. at  room tempera- 
ture; then a white precipitate was separated by filtration, washed 
with glacial acetic acid (10 ml.) and water (20 ml.), and dried. Re- 
crystallization of this product from aqueous ethanol furnished 
white needles, m.p. 205-208", 296 mg. (37%). From the filtrate 
there was obtained an additional 199 mg. (16%) of less pure XIX, 
m.p. 184-187 '. Four recrystallizations of the higher melting first 
crop from aqueous ethanol gave white needles, m.p. 2155216.5"; 
v t f i :  3333, 2950, 1704, 1600, 1393, 1178, 1170, 1144, and 1114 


max . 227, 261, and 325 nm.; log t :  4.35, 
3.75, and 4.22; X",".ethn"o'-"-"' .' N n o H .  . -  360 , 328 1 and 390 nm.; log t :  
4.13, 4.30, and 3.89; NMR (dimethyl sulfoxide-do, tetramethyl- 
silane): T 4.04 (lH, s) ,  6.83-7.50 (SH, m), 7.75-8.50 (6H, m), 
8.69 (6H, s), and 8.80-9.13 (13H, m). 


Anal.-Calc. for C22H280j: C, 70.95; H, 7.58. Found: C, 71.22; 
H, 7.42. 


Preparation of Cyclomammeisin (XXL) hy Peracid Oxidation of 
Mammeisin (XX)-A solution of mammeisin (2.065 g., 5.07 mmoles) 
in chloroform (20 ml.) was added dropwise to a freshly prepared 
ice-cooled solution of monoperphthalic acid (2.4 g., 13.2 mmoles) 
in ether (16 ml.). The reaction mixture was stirred for 14 hr. a t  0" 
and then kept for 48 hr. at  -15". Insoluble phthalic acid was sep- 
arated by filtration and washed with chloroform (2 X 10 ml.). 
The filtrate and the chloroform solutions were combined and then 
washed with water (2 x 20 ml.), saturated aqueous sodium bi- 
carbonate solution (5 x 20 d.), water (2 x 20 d.), and saturated 
aqueous sodium chloride solution (2 x 20 ml,); they were then dried 
with anhydrous magnesium sulfate. Evaporation of the solvent and 
crystallization of the resulting residue from ether-hexane gave a 
yellow crystalline solid, m.p. 130-135", 1.209 g. Concentration of 
the mother liquor with simultaneous addition of hexane gave a 
second crop of less pure material, m.p. 125-135", 0.188 g. The 
residue from these mother liquors was chromatographed through a 
column of neutral alumina (5 g., Woelm, activity grade 11). An 
additional amount of crystalline product (0.337 g.), m.p. 141-143", 
was obtained from the benzene-hexane and benzene eluates. The 
yield of XXI, based on the total amount of crystalline material 
(1.734 9.) obtained, was 83.5 ?<. Several recrystallizations from 
ether-hexane raised the melting point to 148-150"; Y%: 3509, 
3003,1727,1639,1595, 1443, 1395,1232,1149,1111, and768 cm.-'; Ayz ethsno'-O.O1 


HC1: 232, 282, and 351 nm.; log C :  4.14, 4.40. and 
. 242 (sh), 282 (sh), 318, and 432 nm.; 


log t :  4.30, 4.14, 4.13, and 4.01 ; NMR (CDCI,, tetramethylsilane): 
T -4.92 (lH, s), 2.69 (5H, m), 4.28 (IH, s), 5.07 (IH. t ,  J = 9 Hz.), 
6 , 6 8 ( 2 H , d , J =  9Hz.),6.89(1H,s),7.07(2H,in),7.5-8.2(lH,m, 
J = 6.5 Hz.), 8.51 (3H, s), 8.68 (3H, s:, and 9.02 (6H, d, J = 6.5 
Hz.). The compound gave a greek1 color with ferric chloride. 


And-Calc. for C2bH2606: C, 71.07; H ,  6.20. Found: C, 70.34; 
H ,  6.07. Two additional micrcanalyses gave even lower values 
for carbon. 


Acetylation of XXI: Acetate XXIII-A solution of cyclomam- 
meisin (XXI) (0.200 g., 0.475 mmole) in pyridine (1.5 ml.) and 
acetic anhydride (1.5 ml.) was stirred for 24 hr. at  room tempera- 
ture. The reaction mixture was poured into water (50 ml.), and the 
white precipitate was separated by filtration, washed with water 
(5 X 50 ml.), and dried. Recrystallization from chloroform-hexane 
gave a white crystalline solid, m.p. 142-144", 0.173 g. (78% yield). 
Four recrystallizations from chloroform-hexane gave an analytical 
sample of XXIII, m.p. 145-146"; v!::;: 3534. 3003, 1748, 1701. 
1618, 1433, 1370, 1232, 1205, 1188, 1149, 1121, 1099, 1032, 861, 
and 698 cm.-l; NMR (CDCl,, tetramethylsilane): 7 2.57 (5H. m), 


9 Hz.), 7.21 (2H, d, J = 6.5 Hz.), 7.5-8.2 (IH, m,  J = 6.5 Hz.), 
8.62 (3H, s), 8.70 (6H, s), and 9.10 (6H, d, J = 6.5 Hz.) .  The com- 
pound gave a negative ferric chloride test. 


And-Calc. for C27H2807: C, 69.81; H,  6.08. Found: C, 69.55; 
H, 6.10. 


Dehydration of XXI: Benzofuraii XXII-Cyclomammeisin (XXI), 
(0.200 g. ,  0.475 nimole) was dissolved i n  glacial acetic acid ( 5  m1.1, 
and concentrated sulfuric acid (0.1 ml.) was added to  the vigorously 
stirred solution. The reaction mixture was kept for 72 hr. at  70" 
and was then allowed to cool to room temperature. A yellow crys- 
talline solid was separated by filtration, washed with glacial acetic 
acid and water, and then dried. Fine yellow needles of XXII were 
thus obtained, m.p. 176-179", 63 mg., 32% yield. Dropwise addition 
of water to the filtrate furnished another crop of less pure XXIt, 
m.p. 150-163", 90 mg. (47%). Four recrystallizations of the first 


cm.-l; ~ 9 5 %  ethanol-0.01 N HCI. 


4.03; ~ 9 5 %  ethanol-0.01 ,V N B O H .  
max 


3 . 9 5 ( l H , ~ ) , 5 . 0 6 ( 1 H , t , J =  9 H z . ) , 6 . 5 0 ( 1 H , ~ ) , 6 . 5 8 ( 2 H , d . J =  
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crop from ethanol raised the melting point to  187-188’; v:::: 
3472, 2985, 1751, 1631, 1605, 1473, 1372, 1170, 1125, 855, and 768 


mar . 232, 295, and 370 nm.; log E :  4.34, 
m u  . 267, 339, and 442 nm.; 


log t: 4.41, 4.13, and 3.68; NMR (CDCI,, tetramethylsilane): 7 


m, J = 6.5 Hz.), 8.58 (6H, d, J = 6.5 Hz.), and 8.94 (6H, d, J = 
6.5 Hz.). This product gave a green color with ferricchloride. 


Anal.-Calc. for C ~ S H ~ ~ O ~ :  C, 74.24; H, 5.98. Found: C, 73.81; 
H, 6.25. 


Conversion of Mammeisin (XX) to Mammeigin (XXIV) by Treat- 
ment with Dichlorodicyanobenzoquinone-A solution of mamrneisin 
(XX) (0.500 g., 1.24 mmoles) in benzene ( 5  ml.) was added in one 
portion to  a stirred solution of 2,3-dichloro-5,6-dicyanobenzo- 
quinone (0.332 g., 1.46 mmoles) in benzene ( 5  ml.). The reaction 
mixture was stirred for 13 hr. at room temperature and filtered, 
and the collected solid was washed thoroughly with benzene. The 
combined benzene solutions were evaporated to dryness, and the 
resulting dark-brown oil was chromatographed through 10 g. 
neutral alumina (Woelm, activity grade 11). Elution with benzene 
(120 ml.)and evaporation of the solvent gave a yellow solid (0.208 g., 
41.7 %), m.p. 136-142”. Recrystallization from ether-hexane gave 
XXIV, m.p. 146-147” [lit. (15) m.p. 144-146”]. Comparison of this 
product with an authentic sample of XXIV (15), by IR, UV, and 
NMR spectroscopy as well as by TLC and mixed melting-point 
determinations, showed them to be identical, A similar oxidation 
of XX was reported recently (20). 


cm.- 4.58, and 3.73; ~ 9 6 %  athnnol-001 N NsOH. 


-4.55 (lH, s), 2.57 (5H, s), 3.23 (lH, s), 3.88 (lH, s), 6.6-7.1 (lH, 


~ 8 5 %  ethanol-0 01 N HCl.  
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The identification of a stable epoxide as a major metabolite of 
carbamazepine is of interest as a possible precursor of hydroxylated 
metabolites which are now being identified and may be present 
in the urines of subjects treated with carbamazepine. 


Although the pharmacological properties of carbamazepine- 
10,ll-epoxide are still unknown, it is tempting to speculate that 
this metabolite may be involved in the cases of agranulocytosis 
ascribed to the administration of carbamazepine (2). 
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Rapid Analysis of Iodochlorhydroxyquin and 
Related Halogenated 8-Hydroxyquinolines via 
GLC of Their Trimethylsilyl Ethers 


M. P. GRUBER, R. W. KLEIN‘, M. E. FOXX, and J. CAMPISI 


Abstract 0 A rapid GLC analysis procedure of the trimethylsilyl 
ethers of 8-hydroxyquinoline and related halogenated 8-hydroxy- 
quinolines, with significantly greater accuracy and precision than 
official procedures, is presented. A 5-20-fold increase in sensitivity 
is obtained, allowing detection, identification, and quantitation of 
impurities at low levels. The method is free of apparent interferences 
and may be extended to provide rapid, accurate analyses of di- 
iodohydroxyquin and other halogenated 8-hydroxyquinolines. 


Keyphrases 0 Iodochlorhydroxyquin and related 8-hydroxy- 
quinolines-rapid GLC analysis 0 8-Hydroxyquinolines, halo- 
genated-rapid GLC analysis 0 GLC-analysis, iodochlorhy- 
droxyquin and related halogenated 8-hydroxyquinolines N- 
Trimethylsilylimidazole-silylating reagent for rapid GLC analysis 
of halogenated 8-hydroxyquinolines 


The procedure employed in the USP XVIII (1) for the 
assay of iodochlorhydroxyquin marks a significant de- 
parture from that listed in an earlier edition (2), which 
employed an oxygen flask combustion followed by a 
potentiometric titration of the liberated halides. Iodo- 
chlorhydroxyquin in creams, ointments, and supposi- 
tories was measured spectrophotometrically in glacial 
acetic acid at 325 nm. Both procedures have given way 
to  the IR technique of Urbanyi er al. (3), which involves 
the absorbance peak of 14.4 p (694 cm.-l) peculiar t o  


iodochlorhydroxyquin among the halogenated 8-hy- 
dr oxy quinolines. 


Previous investigations with spectrophotometric, 
colorimetric, titrimetric, polarographic, and chromato- 
graphic procedures suffered from one common failing; 
each was unable to  distinguish one or more impurities 
from one another or from the parent compound. The 
TLC method of Korzun et al. (4) provided the best 
separation of halogenated 8-hydroxyquinolines but 
failed to  separate 5,7-dichIoro-8-hydroxyquinoline, 


1200 1000 900 800 700 600 
WAVE NUMBER.  crn. -1  


Figure 1-IR spectrum of iodochloroliydroxyqiiin (5.00 rng.lml.) in 
carbon disulfde (6 )  superimposed 011 carbon disulfde (a) in 3.mm. 
sodium chloride ceN. 
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TaMe I-Minimum Detectable Limits of Impurities in 
Iodochlorhydroxyquin (0.5x w/v Sample) by IR 


Table XI-Analysis of Synthetic Mixture of Quinolines by 
I R  and GLC 


Compound 


Minimum 
Detectable 
Limit, %" 


~ ~~~ 


Theo- 
retical --Percent Absolute Found- 


Compound Percent IR G LC 
~ ~~~ 


5,7-Dichloro-8-hydroxyquinoline 2 . 9  
5-Chloro-8-hydroxyquinoline 0.5 
5,7-Diiodo-8-hydroxyquinoline 2 .7  


~ 


0 Determined as the quantity required to record an absorbance of 
0.010 at the wavelength measured. 


which was present in many commercial samples of iodo- 
chlorhydroxyquin, and, by the authors' admission, was a 
semiquantitative rather than quantitative procedure. 


Bigeard et al. ( 5 )  developed an IR method prior to  
Urbanyi et al. (3); it was based on the potassium bro- 
mide disk technique in the far IR region. The special 
instrumentation involved, combined with the usual 
difficulties associated with the potassium bromide tech- 
nique, limited its applicability. 


Although the modifications introduced by Urbanyi 
et al. (3) provide a more specific and accurate deter- 
mination than any previously published instrumental 
procedure and is equivalent to the classic phase-solubil- 
ity technique (6), it also suffers from several deficiencies. 
Absorptivities in the IR region are significantly lower 
than those obtainable in either the UV or visible range 
of the spectrum, with a resulting loss in precision and 
sensitivity. These difficulties may be partially overcome 
by the use of larger samples and/or increased path 
length. However, the former introduces the secondary 
consideration of solubility limits, while the latter arnpli- 
fies the problem of light scattering and the absorptivity 
of the solvent used. Unlike the UV or visible spectra, 
solvent choice is severely limited in the IR region due to 
the nature of the measurement involved. Unfortunately, 
these problems are inherent, although alleviated some- 
what by the use of lower concentrations and greater path 
length. Carbon disulfide, the solvent employed, aside 
from its toxic nature and flammability, presents addi- 
tional handling problems due to its high volatility and 
relatively large coefficient of expansion. These and other 
considerations prompted us to  seek a method of equiv- 
alent or greater specificity and rapidity, with greater 
accuracy, precision, and sensitivity than was previously 
obtained. 


GLC fulfills all of the parameters necessary for a pre- 
ferred analytical technique: simplicity, rapidity, preci- 
sion, selectivity, accuracy, and sensitivity, provided the 


0 


w 0.10 


m 


0 
f 0.20 


2 0.40 
K 0.30 


2 0.50 
0.70 
1 .0  


a 


1200 1Mx) 900 800 700 600 
WAVE NUMBER, cm.-1 


Figure 2-IR spectrum of iodochlorhydroxyquin (6.04 mg./ml.) 
in carbon disulfde versus carbon disurfde in matched 3-mm. sodium 
chloride cells. 


5-Chloro-7-iodo-8- 90.75 91 .O 90.8 


8-Hydroxyquinoline 0.92 Undetected 0.95 
5-Chloro-8- 2.35 2 .0  2 .2  


5,7-Dichloro-8- 5.99 12.1 6 .1  


hydroxyquinoline 


hydroxyquinoline 


hydroxyquinoline 


samples are of sufficient volatility for the technique to 
be applicable. Initial investigations met with little suc- 
cess, namely, poor resolution, long retention times, and 
nongaussian peaks. 


The introduction of silylation as a useful chromato- 
graphic tool by Sweely et al. (7) in  their investigations of 
sugars and related substances led us to  pursue this pos- 
sibility further. The major drawback to  this procedure 
appeared to be the decomposition of trimethylsilyl 
reagents and derivatives by moisture. Of the silylating 
reagents studied, only N-trimethylsilylimidazole was 
usable without the need for rigid precautions to exclude 
moderate amounts of moisture from the system. This 
property and the reported lack of anomerization, 
smoothness of silylation, and reaction specificity with 
hydroxyl groups (8) were factors which determined our 
choice. 


This procedure meets all of the conditions already 
discussed and is, we believe, a significant improvement 
over the method currently official in the USP XVIII 
and adapted by the N F  XI11 (9) for iodochlorhydroxy- 
quin-hydrocortisone cream. 


EXPERIMENTAL 


IR-A11 spectra were recorded on a grating spectrophotometerl. 
A 4 x abscissa expansion with a 25-min. scan time was employed 
and covered the range of 1200-600 an.-'. Absorptions were found 
to be reproducible to  k0.005 a t  an absorbance of 0.400 over the 
scanning range, with a wavelength reproducibility of z!= 5 cm.-l 
between 1200 and 600 cm.-l. Resolution was 4 cm-1 at 1000 cm.-'. 
Three-millimeter sodium chloride cells were used, with carbon di- 
sulfide (analytical reagent) in a 3-mrn. sodium chloride cell as ref- 
erence for all measurements. Sample purity determinations and 
calibration curves were carried out according to  the procedure of 
Urbanyi el al. (3), and the calibration curves were found to be linear 
over the predicted ranges. The procedure was modified to the de- 
gree that absorbances were used directly in place of a semilogarith- 
rnic presentation of transmittance. Difficulty was encountered at  
high concentrations of the halogenated 8-hydroxyquinolines, par- 
ticularly with those containing iodine substitution, the diiodo-8- 
hydroxyquinoline not being soluble much in excess of 0.3%. 


GLC-A dual-column chromatograph*, equipped with dual 
flame-ionization detectors, was used for all GLC work. Injection 
port and detector temperatures were 295 and 300", respectively. 
Flow rates of 40 ml. He/min.. 30 ml. H2/inin., and 300 ml. filtered 
airlmin. (supplied by two Oscar's vibrator air pumps) were rnain- 
tained. The columns were matched 1.83 m. X 0.32 cm. (6 ft. X 
0.125 in.) Pyrex containing 39;: methylsilicone (OV-I), 8C100 
mesh on Varaport 303. The injection ports contained glass liners. 
and the column was connected directly to  the detector, resulting in 


1 Beckman IR 33. 
* Varian Aerograph model 204B. 
a Varian Aerograph Corp., Walnut Creek, CA 94598 
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Figure 3- IR spectrum of 8-ltydroxyquitiolirie (1.51 mg./ml.) in carbotr 
disulfide versus carbon disulfide in matched 3-mm. sodium chloride 
cells. 


an essentially all-glass system. Column temperatures under iso- 
thermal conditions were 230" where the determinations of diiodo- 
8-hydroxyquinoline, iodochlorhydroxyquin, or mixtures containing 
either of these were concerned or 142" where 5.7-dichloro-8- 
hydroxyquinoline, 5-chlore8-hydroxyquinoline, or 8-hydroxy- 
quinoline was of prime interest. Temperature programming 
a t  6"/min. from 160 to  275" is useful for investigatory work, al- 
though isothermal operation was found to be more convenient for 
repetitive and/or routine analysis. 
N-Trimethyl~ilylimidazole~, I ,  was used as the silylating agent 


throughout. Samples were either 10 mg. of a solid mixture or I ml. 
of a 1 %  solution in pyridine analytical reagent (where synthetic 
mixtures were concerned). The silylation procedure was carried 
out in 6-ml. hypo-vials faced with Teflon disks, with no particular 
emphasis placed on avoiding moisture other than drying the vials 
prior to use. The sample (1.0 ml. in pyridine or 10 mg. solid) was 
transferred t o  the vial, 1.0 ml. of I was introduced, the vial was 
capped and crimped, the contents were shaken, and the resulting 
solution was allowed to stand at room temperature for 15 min. 
Silylation was found to be complete on solubilization (generally 5 
min.), but 15 min. was allowed to ensure completion of the reaction 
and to allow for total elution of the previous sample from the 
column. A 0.8-111. sample was injected using a 1-111. syringes. Cal- 
ibration curves were determined by injecting 0.8 pl. of sample 
prepared by adding 1.0 ml. of I to 1.0 ml. of 0.2, 0.4, 0.6, 0.8, and 
1.0% w/v solutions (of the halogenated 8-hydroxyquinoline) in 
pyridine, mixing, and allowing the resulting solution to  stand at 
room temperature for I5 min. prior t o  injection. The response areas 
were found to be linear over the range noted. The addition of 1.0 
ml. of 5-hydroxyquinoline (1.0% w/v in pyridine) as an internal 
standard to each of these solutions obviates the need for a constant 
injection volume and allows for direct comparison to a standard 
containing 5-hydroxyquinoline as an internal standard. For work 
where utmost accuracy is not necessary (i .e. ,  commercial samples 
where purity is in excess of 90%), it is sufficient t o  inject a sample 
after silylation, correct the area responses for individual molecular 
weights, and normalize the total corrected responses to 100%. 


These techniques were compared and are reported under Results 
arid Discussion (Table 111). 


1200 1000 900 800 700 600 


Figure 4-Synthetic mixture of halogetrated 8-hydrox~qui~1oli~ies in 
curbon disulfide versus carbon disulfide it1 marched 3-mm. sodium 
cliloride cells. 
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Figure 5-Temperature-proRrummed (6'/min.) chromatogram of 
trimetltylsilyl dericutiues of synthetic mixture of 8-ltydroxy- 
quitloline and related halogenuted 8-hydroxyquinolines. 


RESULTS AND DISCUSSION 


The recorded IR spectrum of carbon disulfide in a 3-mm. sodium 
chloride cell is shown in Fig. 1 (a). Note that the background ab- 
sorbances are significant, as evidenced when iodochlorhydroxyquin 
in carbon disulfide is superimposed (b). If the spectrum is recorded 
uersus a matched 3-mm. cell containing carbon disulfide, the spec- 
trum obtained is similar to that in Fig. 2. (The cells are essentially 
matched, giving resulting equivalent absorbance throughout the 
range.) The 4@60% transmittance range cited by Urbanyi et at. (3) 
as the area of greatest reproducibility corresponds to an absorbance 
range of approximately 0.220-0.400 and defines, based on l a b e  
ratory determination of absorptivities, the minimum detectable 
quantities of impurities (assuming a 0.5 sample concentration as 
recommended by the authors) as listed in Table I. 


It can be readily observed that significant quantities of impurities 
may be present. which may remain undetected if they fall below the 
levels of detection indicated. 


The possibility that 8-hydroxyquinoline might be present in small 
concentrations in any halogenated 8-hydroxyquinoline prompted 
the determination of the eKect, if any, of 8-hydroxyquinoline in the 
determination of the purity of iodochlorhydroxyquin. The spectrum 
(Fig. 3) indicates two absorption peaks a t  813 and 741 cm.-l which 
might interfere with the determination of 5.7-dichloro-8-hydroxy- 
quinoline (743 cm.-l) and 5-chloro-8-hydroxyquinoline (823 cm.-l). 
A sample was prepared containing 8-hydroxyquinoline, iodochlor- 
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Figure 6---lsothermal chromatograin of trimethylsilyl derivatives 
of synihetic mixture of 5-chloro-8-hydroxyquit1oline and related 8- 
hydroxyquinolinrs (T = 230”). 


hydroxyquin, 5,7-dichloro-8-hydroxyquinoline, and 5-chloro-8- 
hydroxyquinoline. Analyses were performed on these samples 
utilizing the IR and GLC procedures outlined. The results are 
tabulated in Table 11 and shown in Fig. 4. 


It becomes obvious that a significant error in the determination of 
5,7-dichloro-8-hydroxyquinohe is introduced as a direct result of 
the absorption at 741 cm.-] of the 8-hydroxyquinoline. The 5- 
chloro-8-hydroxyquinoline appears to be minimally affected. 


The GLC procedure, on the other hand, provides greater selec- 
tivity, as evidenced in Figs. 5 and 6, the essential difference b e  
tween the two chromatograms being temperature programming 
uersus isothermal oven temperature. As a general procedure, iso- 
thermal operation was found to be simpler, more accurate, precise, 
and conducive to repetitive analysis. Sensitivities were checked with 
various mixtures, and detection limits of 0.1 ”/, and less were ob- 
tainable in all cases. As can be seen in Fig. 7, changes in column 


temperature allow for convenient analysis of other 8-hydroxy. 
quinolines. 


Response was found to  be linear wrsus peak area to a maximum 
of 15 mg. of sample/ml. of reagent. This limit was fairly constant, 
regardless of the halogenated 8-hydroxyquinoline involved. The 
larger molecular weight introduced by substituting iodine for chlc- 
rine was not found to be significant, because this was accompanied 
by an overloading condition above the concentration limit. Re- 
sponses were also found to  be approximately equivalent with molar 
concentration and, in most cases, provided sufficient accuracy to 
obviate the need of standard response graphs. 


It is significant that no problem was encountered with solubilities; 
whereas when the IR procedure is considered (particularly for di- 
iodohydroxyquin), there is great difficulty in obtaining solution in 
carbon disulfide at the 0.3 % level. Pyridine, on the other hand, is an 
excellent solvent andcompatible with thesilylating reagent employed 
in the GLC technique (although not usable in the IR as it is es- 
sentially opaque in the IR region of interest). 


The addition of an internal standard was found to be unnecessary 
and sample size became inconsequential, with results being nor- 
malized to 100%. A mixture was prepared containing 8-hydroxy- 
quinoline, 5-chloro-8-hydroxyquinoline, 5,7-dichloro-8-hydroxy- 
quinoline. iodochlorhydroxyquin, and diiodohydroxyquin. This 


Figure I-Isothermal chromatogram of trimethyIsilyl derivatives of 
5-cliloro-8-hydroxyquinolitie (T = 192”). 
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Table IJ&€omparison of GLC Methods for Analysis of 
Trimethylsilyl Ethers of Halogenated 8-Hydroxyquinoline 


Theoretical -Percent Absolute Found-. 
Compound Percent (a). (b). (c)” 


8-Hydroxyquinoline 8.46 8 . 5  8.8 8 . 3  
5-Chloro-8- 


hydroxyquinoline 11.23 1 1  . O  10.9 1 1 . 5  
5,7-Dichloro-8- 


hydroxyquinoline 14.27 14.8 14.9 14.9 
Iodochlorhy- 


droxyquin 35.26 34.6 34.0 35.0 
Diiodohydroxyquin 30.74 31.2 31 .5  30.3 


n Results obtaincd from: (0 )  standard graphs, (b) corrected areas, and 
(c )  internal standardization and standard graphs (internal standard: 5- 
hydroxyquinoline). 


sample was determined uia GLC utilizing: (a) standard graphs, (b) 
area measurements (corrected for molecular weight), and ( c )  an 
internal standard (5-hydroxyquinoline). Results from (a) and (b) 
were normalized to lOO%, while (c )  was calculated on an absolute 
basis using standard graphs. Results are tabulated in Table 111. 


The sample used in Table I1 was run, after silylation, cia GLC, 
using calculation (b)  of Table Ill, with the results listed in Table I1 
confirming the superior selectivity of the GLC procedure. 


Previous investigations mentioned 5-iodo-8-hydroxyquinoline. 
We met with great ditficulty in obtaining this material: upon 
receipt from the only source located, the sample was found to be 
mislabeled. being iodochlorhydroxyquin. Since, according to 
Urhanyi 1’1 a/. (3), this constituent was not a major contaminant, no 
additional attempts were made to obtain it. However, it is probably 
present to a slight degree in certain diiodohydroxyquin samples 
(as noted by the unidentified peak in Fig. 8). The unidentified peak 
has a retention time similar t o  what one would expect from 5-iodo-8- 
hydroxyquinoline based upon all data recorded. 


The silylation was:found to be essentially complete within 5 min., 
although 15  min. was routinely used to  ensure total reaction. Some 
decomposition became evident after 2 hr. of standing. Since the 
time between injections was approximately 15 min., samples were 
silylated between injections, i f  four or more were involved in the test 
series, to prevent erroneous results arising from possible degrada- 
tion of silylated samples. 


The singular problem involved with the GLC procedure is the 
necessity of detector cleanup because of a white coating which 
gradually deposits and is attributable to  the silylated reaction prod- 
ucts. Routine cleanup with solvents was performed every 2 weeks, 
without apparent loss of detector sensitivity noted between clean- 
ings. This may be minimized by dilution of N-trimethylsilylimida- 
zole to  1:5 or 1 : l O  with pyridine and subsequent use of 1.0 ml. 
of the resulting solution for silylation. However, as N-trimethyl- 
silylimidazole is supplied in I d .  ampuls at  a nominal cost and 
the cleanup was felt t o  be no more than a minute inconvenience, 
diluted reagents were not employed in this study. It is imperative, 
however, that a glass-lined injection port be used. Failure t o  d o  this 
will result in anomalous peaks being observed after a period of use 
which can be eliminated only by replacement of the injector port. 
This phenomenon was not apparent when stainless steel was used 
in place of glass for the column and appears t o  occur only during 
the transition from liquid to  vapor phase in the injection port. Our 
experience is limited regarding the use of stainless steel columns 
with silylated materials; therefore, an all-glass system is recom- 
mended. 


SUMMARY 


The procedure presently employed by the USP XVIII for the 
identification and assay of iodochlorhydroxyquin is a significant 
improvement over that contained in earlier editions. However, it 
lacks the sensitivity to identify and quantitate impurities at rela- 
tively high levels and is subject to some interferences which can 
either invalidate or distort the results obtained. The rapid GLC 
procedure presented overcomes these difficulties as well as the solu- 
bility problems inherent in the IR procedure. Moreover, it provides 
sensitivities that are at least 5-20 times greater in the detection and 
identification of impurities, without loss of either accuracy or pre- 
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Figure 8---Isothermal chromatogram of trimethylsilyl derioatioes 
of a synthetic mixture of 8-hydroxyquitioline arid related halogenated 
8-hydroxyquinolines (T = 230’). 


cision. Furthermore, the flexibility of the conditions allows the 
method to  be extended to  the USP monograph for diiodohydroxy- 
quin, which still uses a procedure similar to that discarded for io- 
dochlorhydroxyquin. It is conceivable that this technique can be 
readily adapted to  the analysis of pharmaceuticals containing halo- 
genated 8-hydroxyquinolines, and this investigative work is currently 
being carried out in our laboratory. 
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Dissolution Profiles for Capsules and Tablets 
Using a Magnetic Basket Dissolution Apparatus 


R. E. SHEPHERD, J. C. PRICE‘, and L. A. LUZZI 


Abstract Dissolution studies were carried out on commercially 
available dosage forms of lithium carbonate, 300 mg. A magnetic 
basket dissolution apparatus was developed by the authors because 
of the unavailability of a single system to evaluate both capsules and 
tablets. The magnetic basket allowed reproducible positioning of 
either a capsule or a tablet in a hydrodynamic system such that the 
dissolution of the two different dosage forms could be studied using 
the same parameters. Log-probability analyses of the data showed 
significant differences in the dissolution of the two dosage forms. 
The results were highly reproducible. 
Keyphrases 0 Dissolution profiles, capsules and tablets-magnetic 
basket dissolution apparatus and method 0 Lithium carbonate 
tablets and capsules-comparison of in virro dissolution rates, 
magnetic basket apparatus 3 Magnetic basket dissolution ap- 
paratus-dissolution rates of both tablets and capsules Tablets 
and capsules-magnetic basket dissolution apparatus and method 


During recent years it has become evident to phar- 
maceutical scientists and the Food and Drug Adminis- 
tration that dosage forms of the same active ingredients 
manufactured using different inert materials and differ- 
ent techniques may not bring about the same desired 
blood levels of active ingredient in the same time frame. 
Recently, for example, this was found to be the case 
for chloramphenicol capsules (1) when generic and 
trademark products were compared. 


A number of variables affect the deaggregation of a 
tablet or capsule and the dissolution of a drug from 
these dosage forms (2-6). The rate of absorption of the 
drug is often directly proportional to the dissolution 
rate of the drug from the dosage form (2). Also, different 


dissolution rates from different dosage forms, i.e., 
capsules and tablets, of the same strength are a prob- 
ability even when emanating from the same manu- 
facturer (7). 


A method is needed for evaluating the dissolution 
rates for all drug products, whether in tablet or capsule 
form, using the same parameters. Literature dealing 
with the dissolution apparatus (4, 8, 9) shows that 
methods are not available which are applicable to both 
tablets and capsules and that particular methodologies 
are not capable of yielding reproducible dissolution 
profiles. For the USP XVIIl the U. S. Pharmacopeial 
Committee adopted a dissolution procedure and ap- 
paratus for tablets and capsules in which a single-point 
determination is made for an active ingredient. Evalua- 
tion of the USP apparatus (USP XVIII, N F  XIII, 
Method I) has shown that a “sieving” action by the 
screen takes place and that the screen may become 
clogged by granules or, in the case of capsules, by gela- 
tinous particles (6, 9). An additional problem may be 
the inability to maintain homogeneity of the dissolution 
medium. 


The NF XI11 Dissolution Test Method I1 employs 
the USP-NF disintegration testing apparatus, except 
that 40-mesh screens are used. This device has been 
described as having a high agitation intensity and, there- 
fore, has the disadvantage that small differences in 
formulation characteristics may not be revealed (9). 
In addition, the 40-mesh screen specified could lead to 
clogging, as in the USP-NF Method I. 
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Local Anesthetic Activity and Acute Toxicity of 
( 7 ) -2- (N-Ethylpropylamino) -2’,6’-butyroxylidide, a 
New Long-Acting Agent 


H. JACK ADAMS’, GEORGE H. KRONBERG, and BERTIL H. TAKMAN 


Abstract This paper is concerned with the local anesthetic ac- 
tivity and acute toxicity of (+~)-2-(N-ethylpropylamino)-2‘,6’-buty- 
roxylidide (I). Testing in rat sciatic nerve blocks and guinea pig 
intradermal wheals showed that the compound has rapid onset, 
excellent frequency, and long durations of block. These observa- 
tions were confirmed in studies of peridural anesthesia in the cat 
in which the durations of block were comparable to those of the 
long-acting agent bupivacaine. Although the compound is more 
irritating and more toxic than lidocaine, it is not more so than 
bupivacaine and tetracaine. These studies indicate that the overall 
pharmacological and toxicological profile of Compound I more 
closely resembles those of bupivacaine and tetracaine than that of 
lidocaine. 


Keyphrases (+)-2-( N-Ethylpropylamino)-2’,6‘-butyroxylidide-- 
local anesthetic activity and acute toxicity 0 Anesthetic activity, 
local- (&)-2-( N-ethylpropylamino)-2’,6’-butyroxylidide 0 Toxicity, 
acu te+f)-2-( N-e t hylpropylamino)-2’,6’-butyroxylidide 


A series of a-aminobutyroxylidide derivatives was 
synthesized and tested for local anesthetic activity. This 
paper describes the local anesthetic activity and acute 
toxicity of one of the most interesting compounds in 
this series. It is chemically designated as (*) -2- (N-  
ethylpropylamino)-2’,6’-butyroxylidide1 (I) and  has the 
structural formula shown here. 


I 


I n  the studies reported here, Compound I was com- 
pared with lidocaine, an  agent of intermediate dura- 
tion, and two long-acting agents, bupivacaine? and 
tetracaine. 


1 W19053. 
Miircmne. 


METHODS 


Rat Sciatic Nerve Blocks-Conduction block in a peripheral 
nerve trunk was studied in the female albino rat. The method was 
described in detail by Camougis and Taknian (1). Precisely 0.2 ml. 
of drug solution or vehicle was injected into the midthigh region 
of the animal, so that it was deposited around the sciatic nerve 
trunk. After the injections, the animals were examined at frequent 
intervals for onset, depth, and duration of motor block. Frequencies 
of complete and of partial blocks were recorded, and overt systemic 
effects were noted. Mean durations and standard deviations were 
calculated from the durations of the complete blocks only. Groups 
of five rats were used a t  each concentration tested, and injections 
were made into both hind limbs. 


Guinea Pig Intradermal Wheals-To evaluate infiltration an- 
esthesia, the local anesthetic activity of graded concentrations of the 
agents was studied in the guinea pig intradernial wheal ( I ) .  Each 
wheal was made by injecting 0.1 ml. of drug solution or vehicle 
intradermally on the shaved backs of guinea pigs, and 12 wheals 
were made for each concentration. The presence or absence of 
anesthesia was determined by means of the response to pinpricks. 


Peridural Anesthesia in the Cat-Surgical procedures and the 
evaluation of peridural anesthesia in cats were reported by Duce 
et at. (2 ) .  In brief, the procedure requires surgical implantation of a 
plastic catheter into one of the lumbar vertebrae so that local an- 
esthetic solutions can be introduced into the peridural space. After 
administration of the local anesthetic solution, animals were ex- 
amined at  frequent intervals for onset of block. The principal end- 
points recorded were: block and recovery of the animal’s ability to 
support itself on its hind limbs, block and recovery of the flexor 
reflex (withdrawal of the limb when pressure is applied to the 
paw). and loss and complete recovery of normal motor function. 
Animals were also observed for effects that may result from the 
spread of the local anesthetic solution and from absorption into 
the blood. 


A total of seven animals received 27: lidocaine and 0.5 and 1.07; 
Compound I ;  five animals received 0.5 a, bupivacaine. 


Irritation Studies-The irritation liahilities of Compound I ,  
lidocaine, bupivacaine, and tetracaine were evaluated by means of 
intradermal wheals in rabbits (1). The animals’ backs were shaved 
and a series of wheals was made by injecting 0.1 ml. of solution 
or vehicle intradermally at  each site. Twenty-four hours later, each 
wheal was examined and graded for the degree of redness, degree 
of edema, and presence or absence of a central zone of discolor 
(indicative of necrosis). Grading was done on an arbitrary scale 
from 0 to 12. and a mean score was obtained for all wheals made at 
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Figure 1-Rar sciatic nerce blocks. Key: C - - 0 ,  Compound I ;  
[?--O, lidocaine; 0--- 0, bupivacaine; and A--------A, tetracaine. 


each concentration of the test compound. All four compounds 
were tested at  0.5, 1.0, and 2.0%. 


Acute Toxicity-Acute toxicity was evaluated by determining 
intravenous and subcutaneous LD=’s in female albino mice weigh- 
ing between 20 and 25 g. There were at  least four doses for 
each LDso determination and 10 animals per dose level. Animals 
were observed for several hours immediately following drug ad- 
ministration. Overt effects and fatalities were recorded. The sur- 
vivors were then housed as groups according to drug and dose and 
were checked once daily for 7 days to determine whether or not 
additional fatalities occurred. The LD50’s and 95% Fieller con- 
fidence limits were calculated by the minimum logit chi-square 
method of Berkson (3). 


Except for the acute toxicity and irritation studies, all testing was 
done with solutions containing epinephrine at  a concentration of 
1 : 100,Ooo. 


RESULTS 


Rat Sciatic Nerve Blacks-The results are shown in Fig. 1. Fre- 
quency of block was 80% or greater at  the lowest concentrations 
tested and 100% at all higher concentrations. Compound I, bu- 
pivacaine, and tetracaine are similar in their durations, and all 
three are markedly different from lidocaine. 


Guinea Pig Intradermal Wheals-As in the rat sciatic nerve, Com- 
pound I, bupivacaine, and tetracaine produced blocks that are 
markedly longer in duration than those produced by lidocaine. 
The dose-duration curves for the four compounds are shown in 
Fig. 2. 


Peridural Anesthesia in the Cat-The results are summarized in 
Table I. In this preparation, Compound I exhibits short latency, 
good frequency, and long durations. Durations with 0.5%. for 
example, are about twice as long as those observed with 2.0% li- 
docaine. Unpaired t tests show that the duration of block of sup- 
port of weight with 0.5% Compound I is not different from the 
duration of 0.5% bupivacaine; the duration of block of the flexor 


Table I-Peridural Anesthesia in the Cata 
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Figure 2-Guinea pig intradermal wheals. Key: O-.-O, Compound I ;  
0-0, lidocaine; 0--- 0, bupioacaine; and A-------A, tetracaine. 


reflex, however, is significantly longer (0.05 < p < 0.02) than with 
bupivacaine. Durations with 1.0% Compound 1 are about three 
times longer than with 2.0% lidocaine. 


Irritation Studies-The totals for the mean scores of the three 
concentrations tested are: lidocaine, 2. Compound I, 14; bupi- 
vacaine, 17; and tetracaine, 18. With the three long-acting agents, 
there was some moderate redness and edema and, especially a t  the 
higher concentrations, occasional central zones of discolor, in- 
dicative of necrotic tissue, in the wheals. The results show that 
Compound I, although more irritating to tissue than lidocaine, is 
not more so than bupivacaine and tetracaine. 


Acute Toxicity-The results are summarized in Table 11. 
Intravenously and subcutaneously, lidocaine is the least toxic 


and tetracaine is the most toxic of the agents tested. Compound I 
and bupivacaine are equitoxic intravenously in the mouse; sub- 
cutaneously, however, Compound I is only about one-half as toxic 
as bupivacaine. 


The overt effects, other than deaths, most frequently noted were, 
depending upon dose level, ataxia, depression, and clonic con- 
vulsions. Death apparently was due t c  respiratory failure, since 
thoracotomy immediately upon cessation of respiration revealed 
that the hearts were still beating. All fatalities occurred within the 
observation period immediately following drug administration. 
The overt effects and the types of death observed with Compound I 
were qualitatively identical to those seen with the other local 
anesthetic agents. 


DISCUSSION 


The results of these studies show that Compound I is a potent 
local anesthetic agent with a profile of activity and acute toxicity 
that more closely resembles those of hupivacaine and tetracaine 
than that of lidocaine. The results obtained with rat sciatic nerve 
blocks show that the compound exhibits short latency and excel- 
lent frequency of block. In addition, durations are quite long com- 


~ _ _ _ _ _ _ _ ~  _____~ ~ ~~ ~ .~ ~~- ~ 


-Block of Weight Support-. Block of Flexor Reflex----- - 
Compound and Concentration Onset Duration Frequency, Onset Duration 


2.0 7; Lidocaineb < I  96 f 6 85 5 53 dZ 14 
0.5% Compound I <1 209 =k 23 80 8 101 f 33 
I .  0% Compound I <1 308 f 21 90 7 171 dZ 54 
0.5% Bupivacaine < I  182 f 21 60 10 67 + 25 


Onset times and durations are in minutes. All solutions contained 1 :100,000 epinephrine. * Xylocaine. 
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Table II-Acute Toxicity in Female Mice 


LDso and 95% Confidence Limits, rng./kg. 
as Bas- 


Compound Intravenous Subcutaneous 


Compound I 6 .7  (5.8-7.5) 99 (85-147) 
Lidocaine 26 (23-33) 211 (183-256) 
Bupivacaine 6.4 (5.5-7.3) 45 (38-54) 
Tetracaine 4.1 (2.9-5.3) 32 (25-42) 


pared with lidocaine, indicating that the agent should have a long 
duration of action in peripheral nerve blocks. The long duration 
of anesthesia is confirmed by the results obtained in guinea pig 
wheals, and testing in the surgically prepared cat shows that the 
compound should have a rapid onset and long duration of blocks 
in peridural anesthesia. In addition, its tissue irritation propen- 
sities and acute toxicity are within acceptable limits as judged by 
comparison with hupivacaine and tetracaine. Further studies of the 
pharmacology and toxicology of this compound are in progress. 
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GLC Determination of Sorbitol and 
Mannitol in Aqueous Solutions 


G .  MANIUS, F. P. MAHN', V. S. VENTURELLA*, and B. Z. SENKOWSKI 


Abstract 0 A rapid and specific method is described for the deter- 
mination of the concentration of sorbitol and mannitol in aqueous 
solutions. The procedure was also applied to sorbitol USP powder. 
The developed GLC procedure requires the preparation of the 
acetate derivative, the addition of an internal standard (dioctyl 
sebacate), and the use of a hydrogen flame-ionization detector. 
The liquid phase, ECNSS-M, 5 %  on Gas Chrom Q, operated at 
175", is well suited for the separation of sorbitol acetate and man- 
nitol acetate, although it is subject to gradual depletion with 
time. A study was made showing how the loss of this liquid phase 
affects peak efficiency and resolution. The GLC method is easier, 
more specific, and less time consuming than the official USP 
procedure . 


Keyphrases 0 Sorbitol-GLC determination from aqueous 
solutions 0 Mannitol-GLC determination from aqueous solu- 
tions 0 GLC-determination of sorbitol and mannitol in aqueous 
solutions 


A quantitative GLC method was developed for the 
routine control of aqueous solutions containing sorbitol 
and mannitol. The present USP procedure is a laborious 
and highly exacting two-step process. Step 1 involves 
column chromatography to remove interfering excipi- 
ents. This process includes the sectioning-off of column 
material assumed to contain all of the sorbitol and then 
the quantitative transfer back to the column. A final 
water wash is expected to desorb all of the sorbitol. 
Step 2 involves the determination of the amount of 
sorbitol by titration. 


As will be shown, the GLC procedure entirely elim- 
inates Step 1 because the sorbitol is successfully par- 
titioned directly on the GLC column from mannitol, 
lower reduced sugars, and other excipients. Further- 
more, GLC is well suited as a quantitative tool, par- 
ticularly when an internal standard is used. 


The GLC method outlined in this paper is demon- 
strative of a direct approach requiring neither extrac- 
tions, column chromatographic purifications, nor re- 
crystallizations. Sample preparation is restricted solely 
to a simple acetylation reaction, necessitating ap- 
proximately 30 min. for completion. The described con- 
ditions offer an analytical alternative that greatly re- 


CH@II 
1 
I 


H-C-OH 


CII2OH 
I 


HO-C-H 
I 


HO-C-H HO--C-H 
I 


H-C-OH 
I 


H-C -OH 
I 


H-C-OH 
I 


H - C - O H  
I I 
CH20H CHzOH 


D-sorbitol, D-mannitol, 
C 6 H 1 4 0 6  C6H14O6 


mol. wt. 182.17 
anhydrous m. p. 110-112" 


mol. wt. 182.17 
m. p. 166-168" 
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Inadequacies in Leakage Test Procedures for 
Flame-Sealed Ampuls 


D. E. McVEAN., P. A. TUERCK, G. L. CHRISTENSON, and J. T. CARSTENSEN” 


Abstract 0 Leakage tests for flame-sealed ampuls currently in 
general use were demonstrated to be inadequate for determining 
whether passageways to the outside exist in finished ampuls. 
Ampuls containing passageways may or may not pass existing 
leakage tests, depending upon the severity of the test. 


Keyphrases 0 Leakage procedures for flame-sealed ampuls-in- 
adequacies demonstrated 0 Ampuls, flame sealed-inadequacies 
of leakage test procedures demonstrated 


USP XVII (1) defines a single-dose container (con- 
tainers for injections) as: “.  . . a hermetic container hold- 
ing a quantity of sterile drug intended for parenteral 
administration as a single dose, and which when opened 
cannot be re-sealed with assurance that sterility has 
been maintained.” It further states: “Containers are 
closed by fusion, or by application of suitable closures, 
in such manner as to prevent contamination or loss of 
contents.” N F  XI1 ( 2 )  contains similar statements. 


Although the official compendia propose no leakage 
tests for flame-sealed ampuls, Remington’s Pharmaceuti- 
cal Sciences ( 3 )  proposes a test “to determine whether 
or not a passageway remains to  the outside,” the intima- 
tion being that passage of such a test assures that the 
container is, in fact, a hermetic container. General 
descriptions are offered of modifications of a method 
intended to  produce negative pressure in an incom- 
pletely sealed ampul submerged in a deeply colored dye 
solution. Conditions described may be obtained by apply- 
ing a vacuum to ampuls immersed in a dye solution or 
by autoclaving ampuls and then submerging them in a 
dye solution immediately after autoclaving. A 1 
methylene blue solution is suggested for the test. 


Test methods are more definitively outlined in 
D.P.S.C. Standards (4). These Standards are used as a 
basis for qualifying drug manufacturers and packagers 
in  accordance with the requirements of the Armed 
Services Procurement Regulations and form a basis for 
acceptance or rejection by a division of the U. S .  Govern- 
ment. 


These leakage tests for flame-sealed ampuls are de- 
scribed as follows: 


“AN flame-sealed ampuls shall be tested by tlie manufacturer 
for leakage in accordatice with A ,  B, or C below: 


“ A .  Thoroughly wash all ampuls with a suitable detergent and 
theri rinse. The ampiils are completely immersed in a hydro- 
alcoholic solution (containing about I0 percetrt denatured 
alcohol) that is highly colored with a suitable dye or combina- 
tion of dyes, yielditig a color that is different from the injectioti. 
The solution containitig the ampuls is heated between I05 “F. 
and 110°F. f o r  10 minutes, and then allowed to cool to room 
remperature. The contenis of euch amprrl is examined for  color 
change or presence of dye. Amprtls sho~ ing  color change or 
presence of dye are rc.iected. 


“B. Thoroughly wash all ampirls with a suitable detergent 
md then rime. The urnpuls are completely immersed in an 


aqueous solution that is highly colored with a suitable dye or 
cornbination of dyes, yielding a color that is differetit from tlie 
injection. A L;acuum of at least 25 inches is applied oti the wssel 
containing the ampuls atid dye solution, and tlie Lacuum is 
maintained f o r  at  least 5 minutes. After releasing the vacuum, 
the contents of’ each ampul is exarnitieti for color change or 
presence of dye. Anipuls showing color change or presence of 
dye are rejected. 


“C. The ampuls are completely immersed it? water that is 
highly colored with a suitable dye or combination of dyes, 
yielding a color that is different from the injection. Apply at 
least I0 inches of vacuum for  at least 5 minutes and follow with 
35 poutids air pressure for 15 minutes. After releasing the air 
pressure, the contents of each ampul i s  examined for  color 
change or presence of dye. Ampuls showing color change or 
presence of dye are rejected.” 


The merits of dye bath testing, as well as some limita- 
tions, were discussed by Stafficker (5) and Artz et al. (6) .  
The need for more definitive test methods has been 
emphasized by the severe inadequacies that recently came 
to  our attention. The purpose of this paper is to  report 
the theoretical, as well as practical, limitations of the 
tests now generally used. 


EXPERIMENTAL AND RESULTS 


During a routine stability inspection of 1-ml. ampuls containing 
50 mg. drug substancelml., solid material was observed in areas 
adjacent to the seals in 12 of 100 ampuls. An example of this is 
shown in Fig. 1. These ampuls had been pull sealed’. 


The ampul that contained the largest amount of solid material 
(as judged visually) was selected. The solid material was carefully 
scraped off, weighed (4.9 mg.), and identified as active ingredient. 
The tip had the appearance of a “good seal” to several experienced 
observers. Examination of the ampul undei a polarizing magnifier* 
( 2 X  magnification) revealed no detectable opening in the tip area. 


Further examination under a microscope3 (40X and lOOX 
magnification) with and without varying degrees of light polariza- 
tion revealed a passageway near the center of the tip area. Because 
of the tortuous nature, size, and configuration of the passageway, 
it cannot be accurately defined by techniques used. It might best 
be described as an irregular conically shaped chip or bruise with 
an orifice approximately 36 ~.r in diameter at the external surface, 
narrowing to approximately 3 p or less at the apex, in which area 
the penetration to the interior is assumed to occur. The passageway 
appeared birefringent. 


Actual measurements in an area at, and adjacent to, the pull seal 
of the ampuls in question indicated an average thickness of the glass 
wall of 3.8 X cm. 


This ampul was leak tested according to Method B of D.P.S.C. 
Standards (4), with 0.1 D&C Red No. l!) dye in deionized water 
as the dye solution and 76.2 cm. (30 in.) (gauge) of vacuum. No 
evidence of color was detectable visually, nor could evidence of 
the dye be detected on reexamination of the tip area with the po- 
larizing magnifier. 


~ 


1 Cozzoli automatic ampul filler and sealer, model FPS2. 
2 Polarizing magnifier: inspection machine, type 208. P. W. Allen and 


Co., London; Enaand. 


with polarizer. 
3 Bausch & Lomb Dynazoom flat field photo binocular microscope 
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43.2 cm. (17 in.) (gauge) of vacuum for 30min., followedbyrinsing 
and visual inspection. 


DISCUSSION 


Figure 1-Ampul with crystal growth because of imperfection. 
nification approximutely lox. 


Mag- 


The other 11 ampuls that contained dried material at their tips 
were also subjected to the Method B leakage test of D.P.S.C. 
Standards. Critical examination revealed only 1 of the 11 ampuls 
having a very faint pink tinge. 


The 10 remaining ampuls were then subjected to Method C of the 
D.P.S.C. Standards. Two distinctly pink ampuls were detected by 
this test. Examination of the tips of these two ampuls with the po- 
larizing magnifier in the manner previously described revealed no 
obvious defects. 


All of the ampuls described had passed a leakage test immediately 
after manufacture, 7 months prior to the inspection that precipitated 
this investigation. This leakage test consisted of immersing ampuls 
immediately after autoclaving in a highly colored dye solution con- 
taining approximately 0.1 % FD&C Red No. 2 dye, 0 . 5 z  phenol, 
and 0.1 5 trisodium phosphate apd subjecting the containers to 


I =  
0.1 cm. 


I =  
0.01 cm. 


0.02 0.04 0.07 0.1 0.2 0.4 0.7 1.0 
RADIUS OF LEAK, p 


Figure 2-Nomogram /or leiigtlr of time needed (ill hours) for dye 
testing with a pressure differential of approximately 2 atm.; 1 denotes 
the Ieiigtli (iii centimeters) of the capillary leak. It is assumed that the 
amourit of dye solrrtiori that must perietrute iri order to ascertain visual 
detection is lo-" nil. mid thaf the viscosity OJ the dye solution is I cps. 
The radius of the cupilfary leak, p ,  is expressedin microns. 


From a theoretical point of view, a leakage test depends on 
Poiseuille's law (7), which in transposed form may be written: 


This formula governs the (minimum) time t required for a volume 
V of a test solution of viscosity 17 to penetrate a capillary of length 
I and radius r,  when the pressure differential is AP. C-g-s units (cm., 
cc., sec.) must be used; the viscosity, for instance, is expressed in 
poise (dyne-sec.-cm.-2) not cps., and the pressure in dyne-cm.? 
(not p.s.i., mm. Hg, or atm.). 


The expression predicts that viscosity of the test medium may 
affect the testing time and, indeed, this was reported in qualitative 
fashion by Macintosh (8), Cope et a/. (9), and Steinberg (10). Re- 
ducing the volume necessary to detect a leaker would decrease V 
and hence t. Fluorescent techniques were reported by DeForest (11) 
and Volcker (12). Artz et a/. (6), however, showed that they have 
several drawbacks which prohibit their general use. 


methylene blue solution4 
will color 1 ml. of water to a distinguishable level. If one then 
accepts that 10-5 ml. of test solution of viscosity 10-2 poise must 
penetrate an ampul for detection, and if one assumes AP to be 
2 X loE dynes-cm? (approximately 2 atm.), then: 


It was determined that 10W ml. of a 1 


It was mentioned in the Experimeiltal section that for the ampuls 
tested I = 3.8 X lo-* cm. Since this may vary according to ampul 
size, t ,  of course, will also vary. Furthermore, I is a function of the 
pathway and is to be expected to be longer than the measured 
thickness. For the sake of practicality, r would usually be expressed 
in microns and t in hours. For this purpose, and with the values 
stated, Eq. 2 may be rewritten: 


(Eq. 3) 
I 


P 
7 = 0.355 X a hr. 


or : 


log T = 0.547 - 1 - 4[bg p ]  + log I (Eq. 4) 


where T is time in hours, and p is the.radius in microns; I is still 
expressed in centimeters. The nomogram in Fig. 2 shows this re- 
lationship for values of I from 10P to 10-] cm. 


cm., if the diameter of the opening was 0.1 p,  the time necessary 
for perceptible dye solution penetration at a pressure of 2 atm. 
would be approximately 2200 hr. If the time is reduced to a practical 
value, of say 16 hr., the test procedure would then detect ampuls 
having an opening of approximately 0.36 p diameter. It should be 
noted that the smallest bacteria have a size of this magnitude. 


The important fact from a safety point of view is that ampul 
solutions having a water vapor pressure (when saturated) less than 
that of the moisture content of the air space in the storage area will 
never appear as a questionable unit on storage. Since most satu- 
rated solutions and, in particular, multicomponent systems have 
quite low vapor pressures, most ampuls with imperfections of the 
described type will defy detection in the marketplace. Only in two 
component systems with relatively high saturation vapor pressure 
is there a greater possibility of crystal growth on the outside of the 
ampuls. In addition, the 'Kelvin equation, at low capillary radius, 
will dictate a smaller than normal vapor pressure; thus, defects of 
the kind mentioned may go unnoticed. 


In the example ampul, which had a wall thickness of 3.8 X 
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Acute and Chronic Effects of 
3,4-Dimethoxyphenylacetamide on Plasma 
Glucose and Cholesterol in Rats 


EDWARD C. KRIMMER, HERBERT BARRY, HIA, and JOSEPH P. BUCKLEY 


Abstract 0 One hour after a single intraperitoneal dose of 50--200 
rng./kg. of 3,4-dimethoxyphenylacetamide to satiated and 24-hr. 
fasted rats, plasma glucose was markedly increased but plasma 
cholesterol was reliably decreased only by the highest dose in one 
of two studies with satiated animals. At 24 hr. after the 10th daily 
oral drug administration, plasma cholesterol of rats was unaf- 
fected by 3,4-dimethoxyphenylacetarnide (100 mg./kg.) but markedly 
decreased by a standard hypocholesterolemic agent (20,25-di- 
azacholesterol). An acute, toxic effect of 3,4-dimethoxyphenyl- 
acetamide was indicated by a marked decrease in spontaneous motor 
activity and in body weight gain. Contrary to a previous suggestion, 
3,4-dimethoxyphenylacetamide does not appear to be a promising 
hypocholesterolemic agent; observations of acute hyperglycemia 
are at  least partly attributable to the stressful efTects of the toxic 
doses given. 


Keyphrases 0 3,4-Dimethoxyphenylacetamide- -hypocholesterol- 
emic and hyperglycemic activity, compared to 20.25-diazacholes- 
terol, rats 0 Hyperglycemic activity- 3,4-dirnethoxyphenylacet- 
amide 0 Hypocholesterolemic agents. potential- 3,%dimethoxy- 
acetamide, compared to 20,25-diazacholesterol 


A previous article from these laboratories ( I )  reported 
the pharmacological evaluation of 3,4-dimethoxy- 
phenylacetamide. The crystalline compound was iso- 
lated from the leaves of Catharnntus lanceits and later 
synthesized (2). A possible therapeutic use of this com- 
pound was suggested by structural similarities to phenyl- 
ethylacetic acid, a compound shown to have hypo- 
cholesterolemic properties (3). Sofia et al. ( I ) ,  in a test 
for this effect at 30 and 60 min. after administration of a 
single dose (100 mg./kg.) to rats fasted for 24 hr., re- 
ported a significant reduction of plasnia cholesterol at 


the 60-min. postinjection time, with no change i n  plasma 
glucose levels. A test of spontaneous activity in mice 
showed marked CNS depression with doses as low as 
6.25 mg./kg. 


The first experiment reported in the present paper 
evaluates the acute effects of 3,4-dimethoxyphenyl- 
acetamide, repeating the previous studies on the effects 
of the compound on plasma glucose and cholesterol 
levels (1). In addition, fasted and satiated rats were com- 
pared because this variable may be important with oral 
administration of the drug. The effect of the compound 
on spontaneous activity was determined in the same 
animals, immediately preceding the test for plasma 
glucose and cholesterol. 


Most references on hypocholesterolernic compounds 
indicate that chronic. oral administration is used for 
lowering the plasma cholesterol (4-8). Therefore, thc 
present paper reports a second experiment comparing 
acute oral with intraperitoneal effects of 3,4-dimethoxy- 
phenylacetamide and a third experiment comparing 
chronic oral effects of this compound with 20,25-diaza- 
cholesterol dihydrochloride’, a standard hypocholester- 
olemic agent (S), both administered for 10 days prior to 
determination of plasma glucose and cholesterol. In  
this chronic study, hypercholesterolemia was induced in 
some animals by concurrent administration of propyl- 
thiouracil in the drinking fluid. 


’ SC- 12937. 


Vol. 61, No. 10, October 1972 0 1611 








REFERENCES 


(1 )  “The United States Pharmacopeia,” 18th rev., Mack Pub- 


(2) “The United States Pharmacopeia,” 17th rev., Mack Pub- 


(3) T. Urbanyi, D. Sloniewsky, and F. Tishler, J.  Pharm. Sci., 55,  


(4) B. P. Korzun, S. M. Brody, and F. Tishler, ibid.. 53,976U964). 
( 5 )  F. Bigeard, H. Clerque, P. Kerny, and R. Vaupre, An. Pharm. 


(6) W. J. Mader, “Organic Analysis.” vol. 2, Interscience, New 


(7) C. C. Sweely, R. Bentley, M. Makita, and W. W. Wells, 


lishing Co., Easton, Pa., 1970, p. 338. 


lishing Co., Easton. Pa., 1%5, p. 316. 


730(1966). 


Franc., 22, 667(1964). 


York, N. Y., 1954, p. 253. 


T E C H N I C A L  ARTZCLES 


J. Amer. Chem. SOC., 85, 2495(1963). 
(8) G. D. Brittain, L. Schewe, and J. Sullivan, presented at the 


Fourth Ann. Winter Meeting of the Chicago Gas Chromatography 
Discussion Group, Chicago, Il l . ,  Jan. 1968. 


(9) “The National Formulary,” 13th cd., Mack Publishing Co., 
Easton, Pa., 1970, p. 371. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 23, 1971, from the Atralytical Research Depart- 
ment, Dermik Laboratories, lm., Subsidiary of Rorer-Amchem h e . ,  
Syosset, N Y  11791 


Accepted for publication March 7, 1972. 
A To whom inquiries should be directcd. 


Dissolution Profiles for Capsules and Tablets 
Using a Magnetic Basket Dissolution Apparatus 


R. E. SHEPHERD, J. C. PRICE‘, and L. A. LUZZI 


Abstract Dissolution studies were carried out on commercially 
available dosage forms of lithium carbonate, 300 mg. A magnetic 
basket dissolution apparatus was developed by the authors because 
of the unavailability of a single system to evaluate both capsules and 
tablets. The magnetic basket allowed reproducible positioning of 
either a capsule or a tablet in a hydrodynamic system such that the 
dissolution of the two different dosage forms could be studied using 
the same parameters. Log-probability analyses of the data showed 
significant differences in the dissolution of the two dosage forms. 
The results were highly reproducible. 
Keyphrases 0 Dissolution profiles, capsules and tablets-magnetic 
basket dissolution apparatus and method 0 Lithium carbonate 
tablets and capsules-comparison of in virro dissolution rates, 
magnetic basket apparatus 3 Magnetic basket dissolution ap- 
paratus-dissolution rates of both tablets and capsules Tablets 
and capsules-magnetic basket dissolution apparatus and method 


During recent years it has become evident to phar- 
maceutical scientists and the Food and Drug Adminis- 
tration that dosage forms of the same active ingredients 
manufactured using different inert materials and differ- 
ent techniques may not bring about the same desired 
blood levels of active ingredient in the same time frame. 
Recently, for example, this was found to be the case 
for chloramphenicol capsules (1) when generic and 
trademark products were compared. 


A number of variables affect the deaggregation of a 
tablet or capsule and the dissolution of a drug from 
these dosage forms (2-6). The rate of absorption of the 
drug is often directly proportional to the dissolution 
rate of the drug from the dosage form (2). Also, different 


dissolution rates from different dosage forms, i.e., 
capsules and tablets, of the same strength are a prob- 
ability even when emanating from the same manu- 
facturer (7). 


A method is needed for evaluating the dissolution 
rates for all drug products, whether in tablet or capsule 
form, using the same parameters. Literature dealing 
with the dissolution apparatus (4, 8, 9) shows that 
methods are not available which are applicable to both 
tablets and capsules and that particular methodologies 
are not capable of yielding reproducible dissolution 
profiles. For the USP XVIIl the U. S. Pharmacopeial 
Committee adopted a dissolution procedure and ap- 
paratus for tablets and capsules in which a single-point 
determination is made for an active ingredient. Evalua- 
tion of the USP apparatus (USP XVIII, N F  XIII, 
Method I) has shown that a “sieving” action by the 
screen takes place and that the screen may become 
clogged by granules or, in the case of capsules, by gela- 
tinous particles (6, 9). An additional problem may be 
the inability to maintain homogeneity of the dissolution 
medium. 


The NF XI11 Dissolution Test Method I1 employs 
the USP-NF disintegration testing apparatus, except 
that 40-mesh screens are used. This device has been 
described as having a high agitation intensity and, there- 
fore, has the disadvantage that small differences in 
formulation characteristics may not be revealed (9). 
In addition, the 40-mesh screen specified could lead to 
clogging, as in the USP-NF Method I. 
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Table &-Analysis and Comparison of Three Commercial Lots of Lithium Carbonate, 300 mg. 


Product 
A B D 


Analytical Test Capsule Capsule Tablet 


Uniformity of capsule fill: 
Mean capsule fill, mg. 
Range of capsule fill, mg. 
Standard deviation 


Uniformity of tablet weight: 
Mean tablet weight 
Range of tablet weight 
Standard deviation 


Content uniformity assay: 
Mean content 
Range content 
Standard deviation 
Average percent of label claim 


394.93 
385.52406.44 


7.14 


299.78 


12.57 
99.93 


266.32-31 1.98 


306.81 


6.93 
294.33-320.85 


307.14 
293.40-330.54 


11.14 
102.38 


497.64 
485.50-502.48 


7.87 


297.45 
290.37-314.72 


6.71 
99.15 


It has been suggested (8) that the Levy beaker method 
(10) is the most simple and adaptable method for dis- 
solution rate determinations. This method, used with 
low agitation, allows a mounding of particles on the 
bottom of the beaker, which in turn seems to result in 
acceptable correlation between in uiuo and in uitro 
results. 


It is obvious at this time that an accurate and precise 
dissolution apparatus for both tablets and capsules is 
essential, especially when therapeutic and toxic levels 
of a drug are very close (e.g., lithium carbonate). Pres- 
ently, lithium carbonate is being marketed in 300-mg. 
capsule and tablet dosage forms. The therapeutic plasma 
levels (0.5-1.5 meq./l.) and toxic levels (1.5-2.5 meq./l.) 
are very close. Because of the critical proximity of thera- 
peutic and toxic blood levels in the use of lithium and 
the apparent lack of simple, rapid, reproducible in uitro 
dissolution methodology to obtain profiles from both 
tablets and capsules, the present study was made using 
a modification of the Levy beaker method. 


The modification allows exact placement of tablets 
and capsules, which ensures reproducible hydrody- 
namics of the system and eliminates the “floating” 
capsule. It was hypothesized that the data collected 
from such a procedure would allow examination of the 
dosage form which would lead to certain unique control 
procedures, as well as to a better method of correlation 
of in uitro and in uiuo results for both tablets and cap- 
sules. 


The purpose of this report is to show that the magnetic 
basket approach does yield reproducible dissolution 
results for both tablets and capsules. 


EXPERIMENTAL 


A modified beaker method was used to follow the deaggregation 
and dissolution of lithium carbonate tablets and capsules. The 
beaker method was modified with the addition of a magnetic 
basket holder. In addition, to maintain a constant pH in the sys- 
tem, a pH stat apparatus with an automatic readout assembly1 was 
used. 


Dissolution Apparatus-A modified Levy beaker apparatus was 
constructed and evaluated for this work (Fig. 1). It consists of 
an 800-ml. beaker with an apparatus that allows precise and re- 
producible placement of the dosage form to be tested. Exact place- 


~~ 


1 Radiometer-Copenhagen, 72 EM Drupvej, Copenhagen NV, Den- 
mark. 


ment of the basket was ensured by attaching a magnetic bar to  the 
outer bottom of the beaker and affixing a second magnet to the 
cylindrical wire basket. The second magnet, with attached basket, 
oriented itself with exact reproducibility each time it was placed 
into the beaker. 


The stainless steel wire basket was 50 mm. long and had an inner 
diameter of 11 mm. for capsules and 15 mm. for tablets. The larger 
inner diameter basket did not give reproducible results for these 
capsules, since they could assume more than one position within 
the larger basket. An epoxy resin and hardenerz, which is non- 
reactive in both acidic and alkaline solutions, was used in construc- 
tion of the magnetic basket. It was constructed of 8-mesh screen 
(U. S. Standard) and held in place by a stiff nichrome wire (ap- 
proximately 0.73 mm. in diameter) 15 mm. above the internal mag- 
net when measured from the bottom of the cage. The wire selected 
was sturdy enough to prevent accidental bending during routine 
handling and dissolution testing. The baskets used in this study were 
equipped with a septum to allow precise placement of two tablets 
or capsules for simultaneous dissolution. The septum was added 
to eliminate the possibility that the two dosage forms could come 
together and thus alter the dissolution pattern. Each cylindrical 
basket was equipped with 8-mesh hinged doors opening at  the ends 
of the cylinder. The dosage form to be tested was placed in the dry 


ELECTRODES 


TO pE STAT 


THHIKISTATICALLY 
CONTROLLED 
BEAKER t 
CONSTAM! SPEED 
PROPELLER 


M k G N m I C  BASKEX’ 
(cylindrical) 


. (INNER) 
MAGNETS . (OUTER) 


Figure 1-Diagram of magnetic basket apparatus (not drawn to scale). 


* E-Pox-E, Woodhill Chemical Sales Corp., Cleveland, OH 44128 
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Figure 2-Dissolution profiles for the capsule formulations at p H  3. Legend: 0, Product A;  A,  Product 'B; and m, Product C. Bars 
indicate standard deviation from the mean. 


basket, and the basket and magnetic assembly was placed in the dis- 
solution medium. The magnet on the basket oriented itself to the 
permanently attached magnet on the outside of the beaker bottom, 
thus assuring reproducible placement for each test. 


The rate of stirring was electronically controlled at 60 r.p.m. by a 
constant-speed, torque-controlled unit3 coupled to a servo motor 
generator4. A three-bladed propeller, having a stirring diameter of 
51 mm., with blades set at a 60" angle to each other and 45" from 
vertical orientation, provided agitation. The blades had a diameter 
of 18 mm. and were attached to a shaft 7 mm. in diameter. Dissolu- 
tion temperature was controlled by a constant-temperature, cir- 
culating water bathK attached to a double-walled circulating bell jar 
apparatus. 


An 800-ml. beaker containing 600 ml. of dissolution medium was 
immersed in the constant-temperature jar at 37 f 0.5" and allowed 
to equilibrate. During each run the propeller was centered in the 
beaker and immersed to a depth of 41 mm. Electrodes were im- 
mersed to a depth of 27 mm. and were 7 mm. from the beaker wall. 
Upon equilibration, the contents of the 800-ml. beaker were ad- 
justed to pH 3, the magnetic basket containing the dosage form to 
be examined was immersed, and titration was carried out auto- 
matically at pH 3 using 1 N HCI as the titrant. The choice of pH 3 
for the dissolution media was predicated on the reported (11) state 
of the unfasting stomach, which is usual for administration of this 
drug. 


Chemicals and Materials-The capsules and tablets tested were 
manufactured by three different firms and were purchased locally6. 
For purposes of this study, the capsules were labeled as A and B 
and the tablet was labeled D. Experimental capsules were filled by 


J Model 4425, Cole Parmer Instrument and Equipment Co., Chicago, 


4 Model E600-013, Electro-Craft Corp., Hopkins, Minn. 
6 Haake-Berlin, Polyscience Corp., Evanston, IL 60202 
8 Manufactured by the following companles: Smith Kline & French 


Laboratories, Philadelphia, Pa. ; Rowel1 Laboratories, Baudette, 
Minn.; and J. B. Roerig Division, Pfizer, Inc., New York, N. Y. 


Ill. 


the investigators and contained approximately 300 mg. of lithium 
carbonate and were labeled as C. Sufficient samples of tablets and 
capsules were obtained at one time so that all tests were carried out 
on only one lot number from each firm. A lithium carbonate' 
standard, which was used for atomic absorption spectroscopy, 
was prepared by passing the material through a No. 30 mesh screen 
(U. S. Standard), drying it at 110" for 24 hr., allowingit to cool in a 
desiccator, and assaying titrimetrically. 


Analytical Methods-An atomic absorption spectrophotometer8, 
equipped with a lithium hollow cathode lamp, was used to assay 
dosage units from each lot and dissolution medium samples for 
the tablet determinations. Capsule dissolution rates were followed 
via the pH stat readout, while tablet dissolution was followed by 
atomic absorption analysis (12). In addition, selected confirmatory 
determinations were carried out for each capsule run using the 
atomic absorption instrumentation. Suitable standards and blanks 
were prepared for use in these assays (13). Filtered samples were 
taken using a volumetric pipet fitted with ii cotton plug. 


RESULTS AND DISCUSSION 


USP XVIII capsule and tablet weight variation determinations 
were carried out for the commercial products, and the products 
met the requirements specified. These results, along with the 
analytical results from the content uniformity assays, are shown in 
Table I. 


To evaluate the dissolution of lithium carbonate dosage forms 
from the available commercial sources, it was first necessary to 
design an apparatus for both capsule and tablet dosage forms. 
Preliminary work using available methods, those in which the 
capsule is allowed to float in the dissolution medium or in which a 
wire spiral is used to hold the capsule, did not yield reproducible 


7 Lithium Carbonate Purified, Lot 58-59, Lithium Corporation of 


8 Model 290B. Perkin-Elmer Co., Norwalk. Conn. 
America, Besseiner Ci!y, N. C. 
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Figure 3-Dissolution profile at pH 3 for  Product D (tablet). 
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results. These preliminary findings for the “floating” methods 
were confirmed by the work of Hersey (8) and Lin et al. (9). Lin 
et al. (9) and Wagner (6) reported that the USP XVIII-NF XI11 
dissolution apparatus causes dispersion of powder from the capsule 
by a sieving action through the screen and causes some clogging of 
the screen by undissolved gelatinous masses. The USP XVIII-NF 
XU[ dissolution apparatus may be satisfactory for making a single- 
point dissolution determination at a time after complete dissolution 
of the gelatin. However, it does not appear to be the method of 
choice for dissolution rate profiles, especially at times prior to gela- 
tin dissolution. Of the methods examined, only the magnetic basket 
(modified beaker) method was capable of consistent sample place- 
ment and, thus, of maintaining a reproducible hydrodynamic sys- 
tem. The choice of the appropriate screen size prevented clogging 
while still allowing the powder to accumulate in a mound at  the 
bottom of the beaker. Sieving action was also held to a minimum 
by choice of the proper screen size but primarily by maintaining the 
basket in a stationary position. Because these variables were con- 
trolled by the magnetic basket assembly, it was possible to obtain 
reproducible results. 


Figures 2 and 3 were constructed from data using the magnetic 
basket method and show the mean value for six dissolution deter- 
minations of Products A through C. The plots in Fig. 2 were con- 
structed from pH stat data, which were confirmed by atomic ab- 
sorption assay. The mean value and standard deviation shown for 
the individual points were calculated by use of the standard 
form. The points were corrected for the buffering effect of the hard 
gelatin capsules on the dissolution medium, i .e.,  the quantity of 
titrant consumed by emptied gelatin capsules. Time zero for the 
dissolution rate profiles in Fig. 2 was taken as the point at which 
the first increment of standard acid was automatically added by the 
pH stat equipment. Visual observations confirmed that this time 
coincided with the time of capsule rupture. The average time re- 
quired for capsule rupture was 3.16 =t 0.37 min. 


Figure 2 also shows that by use of this system, products could be 
differentiated by their dissolution rates. As shown by Levy and 
Hayes (lo), dissolution from a mound of granulation is controlled 
by the effective surface area of the mound and other components 
of the granulation. From this it would be expected that the rank 
order dissolution rates should relate directly to formulation factors, 
e.g., the quantity of diluent in each product, provided that a mound 
was formed. This can be seen in Fig. 2 and Table I. Product A 
contained the greatest amount of diluent and exhibited the slowest 
release rate; Product B contained a lesser quantity of diluent and 
exhibited a somewhat faster release rate. Product C ,  which contained 
no diluent, yielded the most rapid release. Semilogarithmic plots 
failed to yield straight lines, thus indicating that first-order dissolu- 
tion did not occur. 


Figure 3 shows the dissolution rate profile for Product D (tablet). 
The data used were obtained from atomic absorption assays while 
constant pH was maintained during release of lithium from the 
tablet. Atomic absorption analysis was necessary since the tablet 
ingredients obviously contained alkaline material, in addition to 
lithium carbonate, which precluded the use of the pH stat data. A 
minimum of three assay readings was made for each point for a min- 
imum of five runs. The mean of these readings was used for deter- 
mining the quantity of lithium carbonate released. As can be seen, 
this product released approximately 30z of the active ingredient 
over 90 min. Compared to capsule dissolution, this is very low and 
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order for dissolution was found. It can also be seen from Fig. 4 
that dissolution over 90 min. for Product D is represented by a 
straight line and accounts for 3 0 z  of the active ingredient. This line 
may be interpreted to indicate that dissolution data are obtained 
from an unchanging group of parameters. In this case, the primary 
factor controlling dissolution was probably surface area, as sub- 
stantiated by the observation that very little or none of the tablet 
parts left the basket in an undissolved state over the 90-min. period. 
The minimal disintegration that did occur may have exposed ad- 
ditional drug surface and, when combined with diminishing drug 
surface area due to dissolution, resulted in no net change of ex- 
posed drug surface. 


The three types of capsules examined were all observed to have 
completed release of encapsulated material at the end of 10-15 min. 
This observation manifests itself in Fig. 4. Data collected after this 
time do not result in straight lines, probably because of the diminish- 
ing surface from which dissolution could take place. Levy and 
Hayes (10) pointed out that dissolution is controlled by the effective 
surface area of the mound of material remaining after disintegra- 
tion is completed. Since no additional material is falling to the 
mound, it is apparent that the effective surface area of the mound 
decreases with time; therefore, the rate of dissolution changes. 


The initial portion of the curve for Product B is a straight line 
for about 15 min. This may be explained by recalling that this 
product had very little diluent included (Table I). Dissolution of 
the particles while falling to the growing mound and some dissolu- 
tion from the mound account for the major portion of the dissolu- 
tion that takes place during the first 15 min. The break of the line 
at 15 min. is then due to a change in parameters in the sense that 
one parameter (i.e., the falling particles) contributing to dissolution 
is eliminated. 


Examination of the points for Products A and C indicates that the 
initial parts of these curves are not straight lines. A possible ex- 
planation for the data from Product C may be that of rapidly chang- 
ing surface area brought about by the use of a wide range of particle 
sizes. The capsules were prepared in these laboratories, and no at- 
tempt to size the particles was made (obviously particle-size studies 
should be continued). The nonlinearity of the points for Product A 
may be due to an irregular shielding effect of the diluents (Table I). 
Although perfect sink conditions were not maintained, the solubility 
of lithium carbonate so far exceeds the limit of total content for 
these experiments that the effect of solute in solution was minimal. 


CONCLUSIONS 


This investigation was undertaken with the hypothesis that there 
was no significant difference in the dissolution rates for capsule and 
tablet dosage forms of lithium carbonate presently on the market. 
It was found that the antithesis was true. It was evident during 


preliminary studies that there is a vast and obvious difference in 
dissolution of this active ingredient from the tablets and capsules 
used. The main thrust of this investiga.tion then was to find a 
method of comparing dissolution from tablets and from capsules that 
would meet the criteria set down by Wagner (6). Preliminary results 
agreed with those of previous investigators (6, 8,9) in that no pub- 
lished method yielded reproducible results for both capsules and 
tablets. 


The magnetic basket which was developed during this investiga- 
tion allows evaluation of dissolution from both capsule and tablets 
with reproducible results. The system was used to differentiate dis- 
solution rates between products, both in capsule and tablet forms. 
Dissolution profiles up to 70% of active ingredients can be followed 
with this system. It lends itself to an automated analysis system as 
well as to manual sampling, and the system seems to meet the 
criteria summarized by Wagner (6) for a dissolution apparatus. 
Investigations using the magnetic basket apparatus showed that the 
dissolution rates of the lithium carbonate products in capsule form 
are threefold over those of the tablet. 
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The literature describing syntheses of cyclic peptides 
has steadily grown since the early 1950's, reflecting 
increasing interest in members of the class. Cyclic pep- 
tides are of interest because of the biological activity of 
some of them ; the group includes hormones, antibiotics, 
fungal toxins, and, if peptide rings containing disulfide 
groups are included, also most proteins. 


One source of pharmacological interest in cyclic 
oligopeptides is the fact that several of them have been 
shown to be resistant to  enzymatic hydrolysis. In some 
cases [e.g., the fungal toxins of arnanita (l), the tyro- 
cidins (2), and the cyclic portions of the polymyxins 
(3)], this is in part because of the presence of amino 
acid residues of unusual structure or of the unnatural 
D-configuration. Other cyclic peptides [e.g., cyclo- 
(Gly-Lys-Gly-Lys-Gly)l (4) and antamanide ( 5 ) ] ,  which 
contain only normal residues, are also resistant to  pep- 
tidases, probably because of conformational constraints 
resulting from the cyclic structure. 


'The notation used for amino acids, amino acid derivatives, and 
peptides in  this paper conforms with the 1971 recommendations of the 
IUPAC-IUB Commission on Biochemical Nomenclature, as given in 
J .  B i d .  Chem., 247, 977(1972). Other abbreviations used are given in 
Table I. 


Additional interest in the potential of cyclic oligo- 
peptides should also arise from the suggestion that the 
biological activity of a cyclic peptide will be retained 
in analogs of different sequence and configuration, 
provided the side chains are similarly arranged in space. 
This proposal was tested successfully for two peptide 
antibiotics by its authors (6 ,  7). Synthetic studies of 
cyclic peptides have, therefore, been undertaken for 
confirmation or test of suggested structures, for prep- 
aration of analogs of biologically active substances, 
and for commercial preparation in therapeutically 
useful cases. 


Cyclic peptides are also prepared for study, by physi- 
cal methods, of the forces that determine peptide and 
protein conformation. They have also appeared in a 
number of studies as models of enzyme active sites, 
although to  date without important result. A recent 
review discussed interesting aspects of the conforma- 
tions of naturally occurring and synthetic cyclic pep- 
tides (8). 


Cyclic peptides are divided into two broad classes. 
Those in which the peptide backbone is formed by 
the usual amide linkages between amino acid residues 
are known as homodetic. Those in which the chain 
contains any other kind of linkage are called heterodetic. 
The most frequent nonamide backbone links in hetero- 
detic peptides are disulfide bonds, which occur, for 
example, in the posterior pituitary hormones, oxytocin 
and vasopressin, and the ester function. Peptides 
containing ester groups in the main chain are known 
as depsipeptides; many interesting biologically active 
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Table I-Abbreviations Used in This Review 


AA 
Acm 
Amt  


Asu 
Boc 
But 
Bzl 
Bzl(N02) 
Dab 
DaP 
DCCI 
D M F  
DnP 
EDC 
HONSu 
Hyiv 
Lac 
MeVal 
NP 
NPS 
Nva 
Tos 
Z 
Z(0Me) 
Z(NOn) 


Apm 


An unspecified amino acid residue 
Acetamidomethyl 
tert-Am yl 
a-Aminopimelic acid 
a-Aminosuberic acid 
tert-Butoxycarbonyl 
tert-But yl 
Benzyl 
4-Nitrobenzyl 
a,y-Diaminobutyric acid 
a,B-Diaminopropionic acid 
Dicyclohexylcarbodiimide 
Dimethylformamide 
2,4-Dinitrophenyl 
N-Ethyl-N’-(3-dimethyIaminopropyl)carbodiimide 
N-Hydroxysuccinimide 
a-Hydroxyisovaleric acid 
Lactic acid 
N-Methylvaline 
4-Ni trophenyl 
o-Nitrophenylsulfenyl 
Norvaline 
p-Toluenesulfon yl 
Benzyloxycarbonyl 
4-Methoxybenzyloxycarbonyl 
4-Nitrobenzyloxycarbonyl 


substances of microbial origin are cyclic depsipeptides. 
Some cyclic depsipeptides have been of recent interest 
because of their ability to  transport cations across mem- 
branes. The synthesis, occurrence, and action of all 
classes of cyclic peptides were reviewed in detail, 
through about 1963, by Schroder and Liibke (9). Ab- 
stracts of more recent literature appear in the admir- 
able series of Specialist Periodical Reports published 
by The Chemical Society (10). 


A problem in cyclic peptide synthesis is one of open- 
chain peptide elaboration, plus a cyclization (ring- 
formation) step. Current methods for the formation 
of linear open-chain peptides were reviewed recently 
(9-13), and these will not be directly touched upon 
here. This paper will review peptide cyclizations; first, 
the preparation of homodetic cyclic peptides by forma- 
tion of a peptide bond and then the cyclization steps 
in the preparation of cyclic depsipeptides and cyclic 
peptide disulfides. 


HOMODETIC CYCLIC PEPTIDES 


The formation of a peptide ring, like any other 
cyclization, requires the generation of mutually re- 
active chain ends and reaction of these ends under con- 
ditions favoring intramolecular processes. When a 
peptide bond is to be formed, these mutually reactive 
ends are commonly a free amino group, not reduced 
in nucleophilicity by protonation or substitution, and 


a carboxyl function activated to be susceptible to nucleo- 
philic attack. Intramolecular reaction is favored by 
allowing the coupling of these ends to proceed at  high 
dilutions ( 10-3-10-4 M). To avoid intermolecular pro- 
cesses, the fully reactive peptide should only be gen- 
erated at  these low concentrations. Therefore, the 
carboxyl activation and cyclization steps ought to  be 
separable. 


The cyclization reaction itself may be an inherently 
improbable and slow process; for this reason, the acti- 
vated carboxyl function ought not t o  undergo unimolec- 
ular or solvent-induced decomposition while awaiting 
approach of the terminal amino group. Since prolonged 
existence of the activated carboxyl group increases the 
likelihood of racemization of the activated residue, it 
is also desirable to  devise a linear precursor with gly- 
cine or an N-substituted amino acid at the C-terminus, 
so that racemization will be impossible or unlikely. 


The requirements just stated are not absolute, and 
no single method is perfect in all of the respects men- 
tioned. Among the methods that allow separate activa- 
tion and cyclization, the active ester and azide pro- 
cedures have been most widely employed in peptide 
cyclization. However, since it is generally simplest to 
obtain the linear precursor with blocking groups that 
are simultaneously removed from the N- and C-ter- 
minals, methods that operate on a terminally unblocked 
peptide are frequently used. The most common of 
these is the cyclization by means of N,N’-dialkylcar- 
bodiimides. 


Active Esters-The procedure using the active ester is 
shown in Scheme I. This method has the advantages 
that the activation and cyclization steps can be cleanly 
separated and that the activated intermediate is stable 
and can be used without decomposition even when 
cyclization is slow. Racemization may be a problem, 
although a proper choice of precursor may be able to  
eliminate it. 


For conversion to the active ester, the open-chain 
precursor is selectively unblocked at  the carboxyl end. 
Conversion is carried out commonly by reaction of 
the peptide acid with p-nitrophenyl sulfite (14) or p -  
nitrophenyl trifluoroacetate (1 5, 16). Reaction with 
p-nitrophenol and a carbodiimide may also be used 
(17). Frequently the ester is not purified but used directly 
as prepared. The N-terminal residue, usually tert-butyl- 
oxycarbonyl or a version of benzyloxycarbonyl, is 
then removed by acid cleavage, and the protonated 
ester is added to  base in dilute solution. The solvent 
and base used for the cyclization must be free of acyl- 
able nucleophiles such as water, alcohol, or other 


X-(AA),-OH + HO w2 + (C,H,,N),C - X-(AA),-ONp + (C,J-ll1NH)&O 


/ lH+ 
H:-(AA),-oN~ {:::} X-(AA),-OH + 


L(AA),--I 


Scheme I-Peptide cyclization via an active ester. X = Z or Boc 
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-, X-(AA),-NHNH, - H;-(AA),-NHNH, - H;-(AA),-N, 
base, 
dilution 


X-(AA),-0 


X-( AA),-NHNH--Boc Giz? 
Scheme 11-Peptide cyclization via the acyl azide. X is commonly Z or Boc 


amines. Cyclization is often carried out by adding the 
active ester hydrohalide to a large volume of pyridine 
held at 60-100”. 


Preparation of nitrophenyl esters for cyclization 
has also been achieved by the “backing off’ procedure, 
in  which the active ester itself is, under controlled con- 
ditions, used as the carboxyl terminal blocking group 
in the preparation of the open-chain peptide (18, 19). 
Although it is used in the preparation of tripeptides, 
this is probably not always a satisfactory procedure 
when a long peptide chain is to  be constructed. 


Although most active ester peptide cyclizations to 
date have employed p-nitrophenyl esters, esters of 
N-hydroxysuccinimide or 2,4,5-trichlorophenol should 
be equally useful. 


It has been reported that when the active ester is 
p-nitrothiophenyl and when the N-terminal blocking 
group is o-nitrophenylsulfenyl, cyclization is possible 
without a separate step to  unblock the amino function. 
The Nps-nitrothiophenyl ester is treated with free nitro- 
thiophenol, with or without catalytic imidazole, in 
pyridine (20). 


Azide-Although the acyl azide function is not so 
thermally stable as the active esters, it has enjoyed 
considerable popularity as a method for peptide cycliza- 
tion for two reasons. The first is its reputation for pro- 
ducing minimal racemization, so that it is the method 
of choice when cyclization cannot be carried out at  
glycine or proline. The second reason is the conven- 
ience of constructing a peptide chain from the methyl 
or ethyl ester of the C-terminal residue. The strategies 
of cyclic peptide synthesis via the azide are shown in 
Scheme 11. 


For azide cyclization the peptide chain has most 
commonly been elaborated from a C-terminal ester, 
which is hydrazinolyzed when the chain is complete. 
This approach is readily adopted to peptide synthesis 
using the Merrifield resin, in which case the completed 
chain is removed from the resin as the hydrazide on 
treatment with hydrazine (21). Alternatively, the chains 
may be elaborated from a C-terminal tert-butoxycar- 


H-(AA),-OH + RN=C=NR 
H-(AA),-N(R)CONHR 


1 / 
I 


[H-(AA)n- 0-C(NHR)=NR] 


(AA),--I 


H-( A A),, -0Y 


Scheme Ill-Peptide cyclizations with the aid of dialkylcarbodiimides. 
Y = pkenyl or succinimidyl 


bonylhydrazide (22). The N-terminal amino and C- 
terminal hydrazide functions are simultaneously freed 
before diazotization of the hydrazide (23). However 
the hydrazide is prepared, diazotization occurs under 
acidic conditions. Coupling does not occur until base 
is added to free the terminal amino group. The pro- 
tonated azide is added to  base in a large volume of 
cold solvent (e.g., water, dimethylformamide, or 
pyridine), so that again the fully reactive peptide is 
only generated in 10-3-10-4 M solution. In most of 
the reported work, the azide was formed in aqueous 
acid, but recent experience indicates that diazotization 
with an alkyl nitrite in an organic solvent (24) system 
may give better results (25). When diazotization is 
carried out in an organic solvent, cyclization can be 
carried out in the complete absence of water, so com- 
petition by hydrolysis, at  least, is ruled out. 


Direct Methods-Where there are functional side 
chains to  be protected in the open-chain precursor of 
a cyclic peptide, it may be difficult to  choose blocking 
groups so that the N-  and C-terminals can be differ- 
entially unblocked. Therefore, direct cyclizations of 
peptides free at  both ends have often been reported. 
The most commonly used reagents for this purpose 
have been the N,N’-dialkylcarbodiimides, N,N’-di- 
cyclohexylcarbodiimide, and N-ethyl-N’-(3-dimethyl- 
aminopropy1)carbodiimide. These reagents are very 
convenient to  use, but the activation and cyclization 
steps cannot be separated. The activation step, being 
bimolecular, requires a high concentration of carbodi- 
imide and peptide, while cyclization competes favor- 
ably with polymerization at  a low concentration. In 
general, an excess of carbodiimide is used, with the 
peptide at a low concentration. 


The carbodiimide method suffers from another dis- 
advantage as well; when cyclization is slow, intra- 
molecular rearrangement of active U-acylisourea to 
the inactive N-acylurea occurs. To  reduce this latter 
hazard, a third component, capable of reaction with 
the 0-acylisourea to  form a thermally stable active 
ester, may be added. Cyclization reactions have been 
carried out using excess carbodiimide with phenol as 
the solvent (25, 26). Successes have also been reported 
using an excess of N-hydroxysuccinimide with excess 
carbodiimide in dichloromethane-dimethylformamide 


H2+-(AA),-O- + ROCOCl-+ H2+-(AA),-OCOR 
base, H-(AA),OCOR -+ (AA)n 


dilution 
R = ethyl or isobutyl 


Scheme IV 
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Table 11-Examples of Peptide Coupling to Form Hornodetic Cyclic Peptidesa 


Blocked Precursor Cyclization Method Yield, X b  References 


Z-Phe-D-Val-Vah-Phe-OH 
Z-Sar-Sar-Sar-Sar-OMe 


Z-Gly-Sar-Gly-Sar-OMe 
Z-0- Ala-Gly 1 


Tos-Dap-Gly-OBzl 


Four Residues in Ring 
Nitrophenyl ester 
2,4,5-Trichlorophenyl 


ester 


o-Phenylene chloro- 
phosphite 


Five Residues in Ring (see Table IV) 
Z-Trp-Gly-Leu- Ala-D-Thr-OMe Mixed anhydride 
Z-Gly-Leu-GI y-Leu-Gly-OEt Pyrophosphite 
Z-D-Leu-Ile-Cys-Val-cys-oBzl (and diastereomers) DCCI/HONSu 


I I 
BZI Bz1 


Boc-Gly-Cys-Gly-Gly-Pro-OH 
I 


CH(Ce.H& 
Posterior Pituitary Analogs 
Arn'OCO-Tyr-Phe-Gln- Asn- Asu-Pro- Arg-Gly-NH, 


I I 


Nitrophenyl ester 


Nitrophenyl ester 


OH Tos 
Boc-Tyr-Ile-Gln-Asn- Apm-Pro-Leu-Gly-NH, Nitrophenyl ester 


I I 
I I 
But OH 


Six Residues in Ring (see Table 111) 
Z-(Gly,, Ala6-,)-OBuL Nitrophenyl ester 
Z-(Gly,, Ala6-,)-NHNH-Boc Azide 
Z-(Glyn, +as-,)-OMe Azide 
2-Gly-His-Gly- Ala-Tyr-Gly-OBzl( NO2) DCCI 


I 
Bzl 


I 
Z-Gly-His-Gly-Tyr- Ala-Gly-OBzl( NO*) DCCI 


I 
Bzl 


2-Gly-Leu-Gly-Gly-Leu-Gly-OEt 


Z-D-Val- MeVal-D-Val-MeVal-D-Val-MeVal-oBuL 


Pyrophosphite 
Nitrophenyl ester 
DCCI 


Ferriclirome Series 
Boc-Gly-Nva( 5-NO?)-Nva(5-N02)-Nva( 5-N02)-Gly-Gly-OMe Nitrophenyl ester 


Z(0Me)-Val-Orn-Leu-D-Phe-Pro-GI y-Gly-OMe Nitrophenyl ester 
Seven Residues in Ring 


I 
2 


I 1  


Bacitracbi Series 
HCO-Ile-Lys-D-Orn-11e-D-Phe-His-Asp-OMe 


I 1  
Bzl Bzl Z Tos 


Evolidine 
2-Ser-Phe-Leu-Pro-Val- Asn-Leu-OBul 
Poly ni yxin (Circulbi , Colistin) Series 


Z Bzl 


DCCI (Asp P -+ Lyse) 


Nitrophenyl ester 


DCCI (Leu -, Thr) 
I 


R-D~b-Thr -D-Ser-Dab-Dab-D-Leu-OBu' 


Boc-Thr-Dab-Dab-Thr-1 k 
(R = 6-Me-octanoyl) 


I 1  z z  
Eight Residues in Ring 


Polymyxin Analogs 
HCO-o-Leu-Dab-Dab-Thr-Thr-Dab-Dab-Thr-OMe Azide 


I 1  z z  
and related cases 


- 
40 


40 


40 


29 
58 
30-50 


68 


60 


45 


30-60' 


35 


12 


63 
68 


~ 1 5  


17 


50 


50 


23 


- 


38 
39 


39 


40 


33 
35 
41 


42 


43,44 


45 


23,46,41 


25 


25 


35 
48 
49 


50 


51 


52 


53 


54 


4 5 6 0  55 


Antamanide Series 
Boc-.~x?r-Pro-Pro-yyy-Phe-Phe-Pro-Pro-Phe-Phe-OMe 


Boc-Phe-Pro-Pro-Phe-Phe-Val-Pro-Pro- Aoa-Phe-OMe 
2-Phe-Phe-Pro-Pro-Phe-Phe-Val-Pro-Pro-Ala-OBuf 


(xxx: Ile, Leu, Gly, Ala, Val, Phe; 
yyy :  Ala, Gly, Val, Phe) 


Ten Residues in Ring 


DCCI/HONSu 
Mixed anhydride 


Thiophenyl ester 
DCCI/HONSu 


45-50 
20-30 


40 
31 


29 
29 


56 
28 
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Table I1 (continued) 


Blocked Precursor Cyclization Method Yield, Z b  References 


Gramicidin S Series (See Table IV) 
Z( OMe)-D-Phe-Pro-Val-Orn-Leu-D-Phe-Pro-Val-Orn-~u-O-resin Azide 


Boc-Val-Orn-Leu-D-Phe-Pro-Val-Orn-~u-D-Phe-Gly-O-resin DCCI/HONSu 


I 
Z(NOz) 


I 
Z(NO2) 


I I 


85 21 


32 21 


Tos Tos 
51 Boc ?-Va!-Cys-Leu-D-Phe-Pro-Val-CJ(s-Leu-D-Phe-Pro-o- ? Nitrophenyl ester - 


I I 
Acm Acm 


Polymyxin Analogs 
Boc-Dab-aThr-Dab-uThr-Dab-Dab-D-Leu-Ile-Dab-Dab-OMe Azide 


I I  z z  I 1  z z  I 
Z 


I 
R 


Tyrocidin Series 
Z(OMe)-xxx-D-y y y  -Am-Gln-zzz-Val-Orn-Leu-D-Phe-Pro-OH Nitrophenyl ester 


(R = 6-Me-octanoyl) 


I 
Z 


(xxx: Phe, Trp; yyy :  Phe, Trp; zzz: Tyr, Phe) 
Bicyclic Peptide 


Phalloidine Series 
H--o3Hyp-AAa-NH-CH-CH-CO-NNva-OMe Mixed anhydride 


I cH-p Cys + a4Hyp 


then 


HO+Cys-D-Thr .- Ala-Boc Nva + Ala 
Twelve Residues in Ring 


H-( Val-D-Pro-D-Val-Pro)~-oH Woodward K 


10 58 


4 M O  59-65 


5 . 5  


21 66 


61 - 


a All amino acid residues are L unless otherwise indicated. Abbreviations are defined in Table I. b Yields reported for cyclization step. c All 
diastereomers were prepared. 


solutions (27-30). With phenol as a solvent, there is 
difficulty in removing traces of phenol from the pep- 
tide. On the other hand, there is a reaction between 
N-hydroxysuccinimide and carbodiimide, not involving 
the peptide, which consumes them both (3 1). Cyclization 
with the aid of carbodiimides is illustrated in Scheme 
111. 


With coupling methods other than the carbodiimide, 
it is possible to separate the activation and cyclization 
steps. For example, the technique of carboxyl activa- 
tion as a mixed carbonic anhydride, with the N-terminus 
protected by protonation (32), was recently revived 
(29, 33). Complete protonation of the amino group is 
ensured by the presence of pyridinium chloride buffer 
during formation of the mixed anhydride. Once the 
anhydride is formed, the activated peptide can be 
cyclized by addition to base in dilute solution (Scheme 
IV). This method may be less successful than the azide 
method for difficult cyclizations, because the active 
intermediate, the mixed anhydride, is less thermally 
stable. 


The activation and coupling steps can be similarly 
separated when a terminally unblocked open-chain 
peptide is cyclized with the aid of isoxazolium salts, 
such as Woodward reagent K (34). 


Direct cyclization of unblocked open-chain peptides 
has also been achieved in a number of cases, using 
derivatives of pyrophosphorous acid in diethyl phos- 
phite (35-37), although somewhat elevated tempera- 
tures (140") are employed. 


Examples-Table I1 lists a number of examples of 
peptide cyclizations through formation of a peptide 
bond in solution. The fully blocked open-chain pre- 
cursors are shown, rather than the stage immediately 
before cyclization, to indicate the combinations of 
protective functions that were employed. However, the 
yields given are those reported for the cyclization step. 
This table is far from complete, but it should give an 
idea of the range of compounds that have been pre- 
pared. Generally, papers giving experimental details 
are cited. Additional examples are discussed in the next 
sections. 


Cyclization on Polymeric Supports-Several groups 
have attempted to improve the ratio of cyclization to 
intermolecular condensation by isolating the linear 
precursor molecule on an insoluble substrate. In one 
technique, an N-terminally blocked peptide is attached 
to a polymeric support by an active ester linkage (68, 
69). When the amino group is unmasked, cyclization 
releases the product from the resin. Cyclic tetraalanine 
has been prepared in this manner (70). In a variant of 
the same principle, a resin ester, used in a solid-phase 
build-up of the linear chain, is penultimately activated 
by oxidation, according to Scheme V. In this manner, 
cyclo-(AlaaGly) and cyclo-(Gly-Val-Ala-Phe-Ala-Gly) 
were prepared in yields of 40 and 50%, respectively, 
based on the amino acid initially esterified to the poly- 
mer (7 1). 


The principle of dilution on a solid support has also 
been applied in the case of a peptide attached through 
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Scheme V-Cyclization from a solid supporl 


a side chain, a cyclodecapeptide, an analog of gram- 
icidin S ,  has been so prepared (72). 


Steric and Conformational Influences on Peptide 
Cyclization-The rate of a cyclization reaction, thus 
its yield in competition with side reactions, is related to 
the probability of juxtaposition of the ends of the open- 
chain precursor. This probability increases with the 
configurational and conformational stability of the ring 
to be formed and decreases with increases in the loss of 
internal freedom that results from ring formation. The 
ease of formation of 3-, 5-, and 6-membered alicyclic 
rings relative to rings of other sizes, well documented 
in organic chemistry, is rationalized on this basis. 


The conformational energy of a peptide ring contains 
the usual contributions from bond angle distortions, 
torsional preferences about single bonds, and van der 
Waals' forces between nonbonded atoms, plus impor- 
tant terms for dipolar interactions and hydrogen bond- 
ing. The losses of internal freedom that occur on cycliza- 
tion of a linear peptide are predominantly in the loss 
of rotational freedom about the C"-CO and N-C" 
bonds of each residue, since rotation about the C'-N 
bond of an amide group is restricted by its electronic 
structure. Calculating the balance of all these factors 
with any confidence is not now possible. However, 
peptide rings exist with any number of residues, from 
two on up. There are restrictions, but an examination 
of peptide cyclizations to date suggests that the effects 
of internal strain are only obvious in rings of perhaps 
seven or fewer residues. 


Rotation about the Peptide C-N Bond-Amide 
groups are generally planar, and a monosubstituted 
amide group is most stable in the trans-, planar con- 
figuration (73). Although the smallest peptide ring 
that can accommodate only trans peptide bonds is one 
containing five amino acid residues, smaller rings are 
known. Two-residue peptide cycles, commonly known 
as 2,5dioxopiperazines or diketopiperazines, are well 
known and readily prepared. They form readily from 
unactivated dipeptide esters (74, 75) and can also be 
obtained directly from unblocked dipeptides (76) as 
well as by the methods already described for larger 
peptides. In diketopiperazines, both peptide bonds are 
necessarily cis, but cyclization is very facile. Rotation 
about only two single bonds must be fixed to bring the 
ends of a dipeptide chain together. The diketopiper- 
azine ring itself is probably stabilized by a favorable 
relative orientation of the two amide dipoles. 


Attempts to  prepare cyclic tripeptides have only 
been successful when N-substituted amino acids, such 


as proline and sarcosine, are involved. For the ends of 
the linear tripeptide to meet, it is necessary that both 
peptide bonds in the initial chain be in the cis-con- 
figuration. This is only likely when they are N-sub- 
stituted, since then the cis- and trans-configurations 
of the peptide bond are of comparable stability (73). 
The tripeptide nitrophenyl ester, H-Pro-Pro-Pro-ONp, 
cyclizes in 88 yield, whereas H-Pro-Pro-Gly-ONp 
gives only the corresponding cyclic dimer, a cyclic 
hexapeptide (77). Cyclo-(Pro-Pro-3Hyp) has also been 
prepared (78), as has cyclo-(Sar-Sar-Sar) (79). 


A priori, cyclic tetrapeptides should have two cis 
and two trans peptide bonds in their stable configura- 
tions (80, 81); this has been established for two cases 
(one a cyclodepsipeptide) by X-ray crystallography 
(83, 84). For the ends of a tetrapeptide chain to meet, 
it is only necessary for one amide group to be in a cis- 
configuration; cyclic tetrapeptides have been prepared, 
without difficulty, with no N-substituted amino acid 
residues. Some cyclic tetrapeptide syntheses are in- 
dicated in Table 11. It is conceivable that difficulties 
resulting from side-chain interactions might be en- 
countered in cyclization of a tetrapeptide comprised 
of residues with large side chains, all of the same optical 
series. 


Intrachaiiz Amide-Amide Interactions-Intrachain 
hydrogen bonds, or dipolar interactions between amide 
groups, operating so as to stabilize an open chain in 
folded conformations approximating the cyclic struc- 
ture, probably assist cyclization of larger peptides. 
An indication that this is so appears in the fact that 
attempts to prepare cyclic tripeptides from open-chain 
precursors containing N-unsubstituted amino acid 
residues consistently lead to cyclic hexapeptides. Poly- 


0 
R 


I II 
f l  


/'\ &H-CO-(AA)-X 
RCH @ N' 


I I 
HN 


I 


H 


Structure I-Type of peptide chain folding that may assist cycliza- 
tion, the (3-turn 
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Table IU-Examples of Cyclodimerization of Tripeptides 


Peptide 
Ref- 


Yield, % erence 


Gly-Leu-Gly-OH (per EDC) 23a 25 
Gly-Leu-Gly-ONp 20 48 
Gly-D,L-Phe-Gly-OC6HLSOZMe 45* 89 
Tyr-Gly-Gly-Ns 48 25 
Gly-Pro-Gly-ONP 88,49 90,91 
Gly-Gly-Pro-0-Dnp 73 90 
Gly-Cys-Leu-Ns 1 2  92 


1 
Bzl 


Gly-His-Ser-OH (per EDC methiodide) -30 93 
Pro-Ser-Gly-ONp 11 18 


a Five percent of cyclo-(Gly-Leu-G1y)a was also isolated and identified 
(88). Predominantly meso-product formed (22). c Yield is 16% when 
leucine residues are D. 


mers are formed in good yields only a t  high (1 M )  con- 
centrations (85-87). Cyclization of the tripeptide is 
unlikely; thus the condensation of two tripeptide units, 
which are not sterically inhibited, can compete. Cycliza- 
tion of the so-formed hexapeptide is probably facili- 
tated by chain folding of the type indicated in Structure 
I. This 10-membered hydrogen-bonded ring has turned 
out to be a common feature in cyclic peptides containing 
five or more residues (8). It is commonly called a P-turn 
or fi-loop. 


Cyclodimerization has been applied to the syntheses 
of a number of cyclic hexapeptides that have Cf sym- 
metry. A set of representative examples is given in 
Table 111. Cyclodimerization is, of course, only ap- 
plicable to peptides of appropriate symmetry, and it is 
best used with thermally stable activated groups such as 
the active esters, although it has been successfully carried 
out using azides and carbodiimides. Where concentra- 
tions of 10-3-10-4 M are used for cyclization of hexa- 
peptides, cyclodimerization of tripeptides seems to be 
most effectively carried out in concentrations of the 
order of 0.1 M .  


Cyclodimerization has also been used for synthesis of 
cyclic decapeptide analogs of the antibiotic gramicidin 
S, which also has C2 symmetry. In the latter cases, a 
pentapeptide is used and cyclic pentapeptides are formed 
competitively. Table IV gives a series of examples of 
competitive cyclization and cyclodimerization of penta- 
peptides, taken from the work of one laboratory. Nitro- 


R-CO-Thr-D-Val-Pro-Sar-MeVal 


II 


phenyl esters were used, and cyclization was carried 
out at  3 X M .  The cyclic pentapeptides and 
decapeptides were separated by gel filtration. 
Effects of Side Chains-The influence of side chains 


on the probability of cyclization is not well understood 
because of the complexity and number of the interac- 
tions involved. In large peptide rings, it is likely that a 
conformation can always be found in which each amino 
acid residue is in a favorable position on a peptide con- 
formational energy map; but in rings of five and six 
amino acid residues, certain indications of strain do 
appear. Conformational energy considerations indi- 
cate that the p-loop of the sort indicated in Structure 
I is more stable if the residues numbered 2 and 3 are of 
opposite configuration at the a-carbon atom, or if one 
of them is glycine (80, 105). In several clear cases in the 
literature, the yield of peptide cyclization was markedly 
changed by changing the configuration of one amino 
acid in the linear precursor. Such examples are given in 
Table V. 


Since the cyclization reaction must compete with 
side reactions that do not require cyclic intermediate 
states, cyclization yield is a fair indication of the rela- 
tive stability of cyclic and open conformations when the 
reactions compared are run identically. From the ex- 
amples in Table V, it is clear that there is a preference 
for rings in which there is the sequence D-residue-L- 
residue, or its enantiomer. There is also an indication, 
from the cyclization of Gly-Tyr-Gly-Gly-His-Gly 
derivatives (Table V) and the cyclodimerization of 
Gly-D,L-Phe-Gly (Table HI), that a roughly centrosym- 
metric cyclic hexapeptide backbone is preferred over 
one with approximately C2 symmetry. This latter tenta- 
tive conclusion is supported by the structure determined 
for cyclo-(Gly-Gly-Gl y-Gly-D-Ala-D- Ala) by X-ray crys- 
tallography (106). 


Specificity is also shown in cyclization of the cyclo- 
pentadepsipeptide moiety of actinoniycin D (C,) (11) 
at its ester link. Cyclization apparently fails if one of the 
residues Thr, Val, or Pro is inverted in configuration 
(110, 111). 


Table 1V-Effect of Sequence on Cyclization and Cyclodimerization Yields from a Series of Pentapeptide p-Nitrophenyl Esters 


Total 7- Fraction, z-- 
Sequence Yield, Cyclopenta- Cyciodeca- Reference 


Val-Orn(G-Z)-Leu-~-Phe-Pro 


Sar 
P-Ala 


Gly-Pro 


G ~ Y  


D-Ala 
D-Leu 
D-Val 


Gly-D-Phe 
Ala 


Lys(c-2)-Leu 
Dab(?-2) 


Glv-Om(&-2) 


20 
15 
30 
33 
20 
30 
50 
25 
35 
25 
35 
45 
45 
30 
30 - 


32 
79 
85 
89 
0 


25 
14 
12 
59 
43 
29 
30 


100 
91 
78 


100 


68 
21 
15 
11 


100 
75 
86 
88 
41 
57 
71 
70 
0 
9 


22 
0 


94 
95 
96 
97 
98 
99 


100 
100 
101 
101 
102 
102 
103 
103 
104 
94 
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Table V-Effects of Changes in Residue Configuration on Cyclization Yield 


Peptide Cyclized Yield, Reference 


Gly-x-Leu-Leu-Gly-Gly-SNp 


Gly-Cys-x-Leu-Gly-Cys-x-Leu-N3 
I 
Bzl 


I 


I l l  


Bzl 
Om-0rn-0rn-x-Ser-~-Ser-~-Ser-N~ 


z z z  
Gly-x-Tyr-Gly-Gly-His-Gly-OH (per EDC) 


I 
Bzl 


x-Leu-Dab-Dab-Th~Dab-Dab-Thr-N~ 
I I  
2 2  


I 1  
2 2  


x = L  12 
X = D  40 
X = L  26 
X = D  43 


x = L  50 
X = D  16 


X = L  31 
X=D,L 58 


X = L  16 
X = D  48 


107 


92 


108 


109 


55 


Additional information about the effects of side chains 
on cyclizations is contained in Table IV. The effect of 
the terminal residues on the monomer-dimer ratio is 
striking. Those cases in which the terminal residues are 
small (Gly, Sar, P-Ala, and Ala) yield high proportions 
of cyclic monomers. Cyclodimerization is favored when 
the C-terminal residue is the sterically constrained pro- 
line and the N-terminal residue has a large side chain, 
indicating difficulty in bringing the ends of the penta- 
peptide into reactive proximity and orientation. These 
results suggest that it is advisable to plan syntheses 
of smaller cyclic peptides so that at  least one terminal 
residue in the chain to be cyclized is small. The many 
examples cited in Table I1 indicate that there is no such 
constraint on the cyclization of decapeptides. 


It is certain that, at  least for smaller cyclic peptides 
of a given sequence, the sequence chosen for the open 
precursor should influence the cyclization yield. The 
faint indications given by the data have yet to be sys- 
tematically tested. 


HETERODETIC CYCLIC PEPTIDES 


Cyclic Depsipeptides-The naturally occurring cy- 
clodepsipeptides now known contain a wide range of 
structural features (10, 112). However, many of those on 
which synthetic attention has been concentrated, such 
as the enneatins, valinomycin, and their analogs, are 
relatively uncomplicated. These contain alternating a- 
hydroxy and amino acid residues and are built up by 
formation of amide bonds between depsipeptide frag- 
ments (Scheme VI). 


Coupling of an N-blocked amino acid with a C- 
protected hydroxy acid is carried out by relatively 
energetic procedures. Mixed carbonic (1 13) or benzene- 
sulfonic anhydrides (114, 115) have often been used. 
Carbonyldiimidazole has also been used as a coupling 
agent and, in at  least one case, has proved superior to 
the sulfonic anhydride method (1 16). Dicyclohexyl- 
carbodiimide, in the presence of pyridine, is also effective 
(1 17). 


Coupling of the blocked aminoacyloxycarboxylic 
acid with an amino component has been carried out 
with carbodiimide (1 16), but most often the acid chlo- 
ride, prepared with the aid of thionyl chloride or phos- 
phorus pentachloride, is the activated carboxyl com- 
ponent (Scheme VI). Since a hydroxy acid is the C- 


terminal residue in this situation, there can be no 
azlactone formation, and the use of the acid chloride is 
apparently acceptable. [Some racemization of an a- 
acyloxyacyl chloride by the enolization mechanism 
(118) might be expected if excess base is used in the 
coupling step.] 


The cyclization process used for this class of cyclo- 
depsipeptides has uniformly been to treat the terminally 
unblocked depsipeptide with thionyl chloride or phos- 
phorus pentachloride and then to add the so-formed 
peptide acid chloride hydrochloride to a tertiary amine 
in benzene under conditions of high dilution. Cyclo- 
depsipeptides of from 4 to 20 residues have been so 
prepared. Cyclooligomerization is occasionally ob- 
served (1 15, 117). 


Of the cyclic depsipeptides of less regular structure, 
the cyclic pentapeptide portion of the actinomycins, 
which contains only one ester link, has been synthesized. 
This ring has been prepared by cyclization at  a peptide 
bond ( 1  13) or at  the ester bond. For cyclization at  the 
ester link, a reagent formed from imidazole and over 2 


Z-(AA)-OH + H-(HA)-OBu' 


1 


Z-(AIA)-(HA)-OH + H-(AA)-(HA)-OBu' 


1 
z-(AA)-(HA)-(AA)-(HA)-oB~' 


1 


1 
L[(AA)-(HA)I,A 


Sclirme Vl-A mrtliod of preparution of cyclic depsipeptides 
coiitainiiig alternating amino and liydroxy mid residues. 


H A  = hydroxy ucid 
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Table VI-Some Cyclodepsipeptide Syntheses 


Precursor Method Yield, Reference 


Actinomycin Series 
H-Sar-MeVal 


H 4 C e Z h r -  D-Vnl-Pro-oH 


P 
Bzl 


H,C*CO--Thr-D-Val -Pro-Sar-MeVal-OH 


0 NO1 
/ 


BL1 (and analogs) 


Enneatins and Analogs 
H-(MeVal-D-Hyiv)2, wOH and stereoisomers 
H-( MePhe-~-Hyiv)~-OH 
H-( MeVal-D-Val)2-MeVal-D-Hyiv-OH 
Valinomycin arid Analogs 
H-(Val-~-Hyiv-~-Val-Lac)~-OH 
H-(D-Val-Lac-Val-D-Hyiv)la-OH 


Serratomolide Analogs 
H-!kr-OCH2CHzCO-D-Ser-OCH2CH,COOH 


diastereomers, analogs 


I 
Bu 


I 


I 


But 
H-Ser-OCH2CH2COOH 


But 


Nitrophenyl ester 


Acet ylimidazole/ 
acetyl chloride 


Acid chloride 
Acid chloride 
Acid chloride 


Acid chloride 
Acid chloride 


Acid chloride 


Dirnerization of 
acid chloride 


26 113 


20-30 110,111,119,120 


60-75 114,123,124,127 
25.60 125.126 
10. 49 


50 116 
1&50 115,128 


15 117 


20 117 


moles of acetyl chloride, the structure and action of 
which are not well established, has been used (109, 110, 
119, 120). The synthetic problems in this series, as for 
most other cyclic depsipeptides, require the complete 
range of peptide synthetic tools. 


A unique method of cyclodepsipeptide preparation, 
introduction of hydroxyacyl residues into an already 
cyclic amide, has been demonstrated in a number of 
cases (121) and applied to the synthesis of a derivative 
of the cyclotetradepsipeptide serratomolide (122) 
(Scheme VI1). 


Table V1 lists some of the cyclodepsipeptide syntheses 
reported. 


Cyclic Disulfides-The third class of cyclic peptides 
to which major synthetic attention has been given are 


CH,OCOCHJ 
I 


Bzl 
0 I YH20COCH2 


I I d  
CH20COCH HBCOCOHLC I 


/ H z / P d  Bzl 


CH*OCOCH, 
I 


I 
CH,OCOCH, 


Scheme Vll-Sytdlresis of' dimety/serrutomotide by hydroxyacyl 
iiiterposirioti (122). R = n-C7HL, 


those in which rings are closed by one or more disulfide 
bonds. These include the posterior pituitary hormones, 
oxytocin and the vasopressins, of which more than 100 
analogs have been prepared (129- 13 1). These hormones 
contain a 20-atom ring of four amino acid residues be- 
tween two cysteine residues joined by the disulfide link, 
e.g. ,  oxytocin (111). 


Disulfide links forming rings occur frequently, of 
course, in larger peptides and proteins. Insulin contains 
not only a six-residue disulfide ring but, in addition, a 
ring of 27 residues formed by the two disulfide bridges 
between the A and B chains. Synthesis of ribonuclease 
can also be considered the synthesis of a heterodetic 
cyclic peptide, since the final step involves formation of 
four disulfide bridges between eight cysteine residues 
of a single protein chain. Substances of this complexity 
are beyond the scope of this discussion. 


The general practice in preparing cyclic disulfides 
has been to  prepare a peptide chain, using blocked 
cysteine residues, and then to  remove the S-protecting 
groups and oxidize (Scheme VIII). 


S-Benzyl has long been the protective group employed 
for the preparation of cysteine peptides. When it is 
used, sulfhydryl groups are freed for oxidation by treat- 
ment of the peptide with sodium in liquid ammonia; 
this procedure not only removes many other protective 
groups, circumscribing the overall synthetic strategy, 
but can also cause other decomposition of the peptide. 
For this reason, a variety of other sulfhydryl protecting 
groups have more recently been applied. These include 
trityl, benzhydryl, benzoyl, and carbobenzyloxy, as 


Cys-Ty r-Ile-Gln- Asn-C&Pro-LLeu-GGl y-NH, 
111 
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-AA-Cys-(AA),-Cys-AA- - 
I 


X 
I 


X 


-AA-C~S-(AA),-CYS-AA- 


!LO1 


n 
-AA-Cys-(AA)~-Cys-AA- 


Scheme V l l l  


RS- + R’-S-S-R” R-S-S-R’ + R”S- 


Scheme IX 


well as hemithioacetal, formation. The use and stability 
of these groups were described in several publications 
(1 32-1 34). Air, ferricyanide, iodine, and diiodoethane 
have been used for the oxidation process. The oxidation 
step is generally carried out in dilute M )  solution 
when cyclic products are described. Oxidizing agents 
and conditions are varied to optimize the yield of the 
desired cyclization product. 


The procedure just described poses problems not 
encountered in cyclizations by peptide bond formation. 
The formation of a peptide bond is irreversible as 
usually carried out; so that in the absence of intolerable 
ring strain, conditions can generally be found under 
which cyclization will occur. However, a disulfide may 
be cleaved by sulfhydryl groups or other soft nu- 
cleophiles (Scheme IX). Because there is a likelihood of 
disulfide interchange uia this process, unless the ring 
system formed is thermodynamically stable the desired 
disulfide may not be obtained in satisfactory yield. 


The oxidation of peptides of the class Cys-Gly,-Cys, 
where n = &6, has been investigated (135-137). Only 
where n = 4 or more is the cyclic monomer the dom- 
inant product. From the shorter chains, polymers and 
antiparallel dimers are chiefly formed, whether oxida- 
tion occurs in 1 or 0.1% solution (Scheme X). Al- 


though the cyclic dipeptide Cys-Cys can be prepared 
(138), the cyclic tripeptide (n  = 1) was apparently not 
formed under the conditions of the study. However, a 
bicyclic peptide containing such a ring, malformin (IV), 
was synthesized (139). In this case, the disulfide ring is 
made favorable by the preexisting homodetic ring. An- 
other bicyclic disulfide analogous to this, [2,7-cystine]- 
gramicidin S, has been reported (57). 


r- 


+ H--Cys-Gly,-Cys-OH 


-1, 
Scheme X 


lv 
‘7 


Boc-Cys-Gly -Am-Leu-Ser-Thr-Cys-Met-Leu-Gly 
I I  


But But 
V ’ 


Z-Cys-Cys-Gly-Phe-Gly-Cys-Phe-Gly-C ys-Gly-Val 


/ 
VI 


ys+Gl~s+Cys+Z 


Cyclic dimers are also formed in the reoxidation of 
reduced oxytocin (140) or vasopressin (141), indicating 
that a hexapeptide disulfide also may not be entirely 
free of strain. However, the preparation of a hepta- 
peptide disulfide (V), part of the structure of human 
calcitonin, in 7 0 z  yield has been described (142). 


Methods for selective coupling of pairs of cysteine 
sulfhydryls are necessary for preparation of peptides 
with more than one disulfide bond. Hiskey and his 
coworkers (143-145) have been exploiting the reactions 
of thiocyanogen and sulfenyl thiocyanates with mer- 
captans and certain blocked mercaptans (Scheme XI) 
with this in mind. 


The differential sensitivity of trityl and benzhydryl 
thio ethers to thiocyanogen and sulfenyl thiocyanates 
was used to prepare, in a controlled manner, the bi- 
cyclic triscystine peptide (VI) (146). 


(SCN)Z [R-S-SCN] R’--S-X R-S-S-R ’ 
R-S-X -----+ + -------+ + 


X-SCN X-SCN 
Scheme XI-Sulfenyl thiocyanate method for forming disulj7des. 


X = H ,  (CBHI)BC-, ( C ~ H I ) ~ C - ,  (CH&CHCHzOCHz- 
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Table II-Acute Toxicity in Female Mice 


LDso and 95% Confidence Limits, rng./kg. 
as Bas- 


Compound Intravenous Subcutaneous 


Compound I 6 .7  (5.8-7.5) 99 (85-147) 
Lidocaine 26 (23-33) 211 (183-256) 
Bupivacaine 6.4 (5.5-7.3) 45 (38-54) 
Tetracaine 4.1 (2.9-5.3) 32 (25-42) 


pared with lidocaine, indicating that the agent should have a long 
duration of action in peripheral nerve blocks. The long duration 
of anesthesia is confirmed by the results obtained in guinea pig 
wheals, and testing in the surgically prepared cat shows that the 
compound should have a rapid onset and long duration of blocks 
in peridural anesthesia. In addition, its tissue irritation propen- 
sities and acute toxicity are within acceptable limits as judged by 
comparison with hupivacaine and tetracaine. Further studies of the 
pharmacology and toxicology of this compound are in progress. 
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GLC Determination of Sorbitol and 
Mannitol in Aqueous Solutions 


G .  MANIUS, F. P. MAHN', V. S. VENTURELLA*, and B. Z. SENKOWSKI 


Abstract 0 A rapid and specific method is described for the deter- 
mination of the concentration of sorbitol and mannitol in aqueous 
solutions. The procedure was also applied to sorbitol USP powder. 
The developed GLC procedure requires the preparation of the 
acetate derivative, the addition of an internal standard (dioctyl 
sebacate), and the use of a hydrogen flame-ionization detector. 
The liquid phase, ECNSS-M, 5 %  on Gas Chrom Q, operated at 
175", is well suited for the separation of sorbitol acetate and man- 
nitol acetate, although it is subject to gradual depletion with 
time. A study was made showing how the loss of this liquid phase 
affects peak efficiency and resolution. The GLC method is easier, 
more specific, and less time consuming than the official USP 
procedure . 


Keyphrases 0 Sorbitol-GLC determination from aqueous 
solutions 0 Mannitol-GLC determination from aqueous solu- 
tions 0 GLC-determination of sorbitol and mannitol in aqueous 
solutions 


A quantitative GLC method was developed for the 
routine control of aqueous solutions containing sorbitol 
and mannitol. The present USP procedure is a laborious 
and highly exacting two-step process. Step 1 involves 
column chromatography to remove interfering excipi- 
ents. This process includes the sectioning-off of column 
material assumed to contain all of the sorbitol and then 
the quantitative transfer back to the column. A final 
water wash is expected to desorb all of the sorbitol. 
Step 2 involves the determination of the amount of 
sorbitol by titration. 


As will be shown, the GLC procedure entirely elim- 
inates Step 1 because the sorbitol is successfully par- 
titioned directly on the GLC column from mannitol, 
lower reduced sugars, and other excipients. Further- 
more, GLC is well suited as a quantitative tool, par- 
ticularly when an internal standard is used. 


The GLC method outlined in this paper is demon- 
strative of a direct approach requiring neither extrac- 
tions, column chromatographic purifications, nor re- 
crystallizations. Sample preparation is restricted solely 
to a simple acetylation reaction, necessitating ap- 
proximately 30 min. for completion. The described con- 
ditions offer an analytical alternative that greatly re- 
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duces the time factor as well as the consumption of 
reagents, chemicals, and glassware. 


Formation of the hexaacetate derivative is shown to 
be a necessary step prior to GLC analysis. Experimental 
trials to achieve baseline separation of mannitol and 
sorbitol are described. Included also are the results of a 
study on column aging and optimum values that can be 
expected for efficiency and resolution. Detector lin- 
earity, data on different levels of samples, and a statis- 
tical evaluation of the method are reported. 


EXPERIMENTAL 


Chromatographic Conditions-The gas chromatograph' was 
equipped with a hydrogen flame-ionization detector. The recorder2, 
0 1 mv., was equipped with a disk integrator. The chart speed 
used was 30.48 cm. (12 in.)/hr. A stainless steel column, 0.61 m. X 
0.32 cm. (2 f t .  X 0.125 in.) o.d., was packed with 5 %  ECNSS-M 
on Gas Chrom Q, 80 100 mesh, fitted for "on-column" injection. 


1 Varian Aerograph, model 1200. 
Texas Instrurncnt. 
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The gas flows used were: carrier gas, nitrogen, 30 ml./min.; 
detector gas, hydrogen, 30 ml./min.; and air, 300 ml./min. The 
column temperature used was isothermal. 175", or adjusted accord- 
ingly to obtain a retention time of approximately 8 min. for the 
internal standard, dioctyl sebacate. The detector temperature was 
260", and the injector temperature was 175" or adjusted to the 
column temperature. Attenuation was lo-'' amp./mv., 64X, or 
adjusted accordingly to obtain the martimum scale recorder re- 
sponse. The injection volume was 1-2 pl., and the retention times' 
were: dioctyl sebacate, approximately 8 min. ; mannitol acetate, 
approximately 13 min.; and sorbitol acetate, approximately 18 
min. 


A typical chromatogram is shown in Fig. 1. 
Reagents-Mannitol NF was used. Sorbitol' and dioctyl sebacates 


were purchased from commercial sourcs. All other compounds 
were reagent grade. 


Standard Preparation-I. Iiitertial Stmidard-Weigh accurately 
approximately 100 mg. of dioctyl sebacate into a 50-ml. volumetric 
flask. Dissolve and dilute to volume with acetone. Mix well (in- 
ternal standard stock solution). 


11. Reference Standard-Weigh accurately approximately 4 g. of 
sorbitol reference material and 300 mg. of mannitol reference 
material into a 25-ml. volumetric flask, tapping gently to compact 
the material t o  the bottom of the flask. Di5solve and dilute to volume 
with water. Caution should be exercised so that the water is added 
gradually to dissolve the mixture (reference standard solution). 


Using a suitable microliter syringe6, transfer exactly 25 pl. of the 
reference standard solution into a small vial, fitted with a screw- 
type, foil-lined cap. Add 0.2 ml. of anhydrous pyridine and 1 ml. 
of acetic anhydride. Tighten the cap, swirl to mix the contents, 
and place in a constant-temperature bath at 100" for 30 min. 
Remove, cool, and evaporate the contents t o  dryness on a steam 
bath under nitrogen. The residue is dissolved in 1 ml. of internal 
standard stock solution and chromatographed (working standard 
solution). 


Sample P r e p a r a t i o w  Perform in Jhplicate.) The aqueous 
samples to be assayed must be kept under refrigeration and analyzed 
before mold formation occurs in the solution. 


A. Experimental: 40 % (w/o) Aqueous Sorbitol Solution- 
Accurately pipet 10 ml. of the 400< solution into a 25-1111. volumetric 
flask, dilute to volume with water, and mix well. Using a suitable 
microliter syringe6, transfer exactly 25 111. of this solution into a 
small vial fitted with a screw-type, foil-lined cap. Add 0.2 ml. of 
anhydrous pyridine and 1 ml. of acetic anhydride. Tighten the cap, 
swirl to mix the contents, and place in a constant-temperature 
bath at  100" for 30 A n .  Remove, cool, and evaporate the contents 
to dryness on a steam bath under nitrogm. The residue is dissolved 
in 1 ml. of internal standard stock solur.ion and chromatographed 
(working sample solution). 


B. USP: 70% (w/w) Aqueow Sorbiiol Soluiiotis-Weigh ac- 
curately approximately 6 g. of the viscous aqueous sorbitol sample 
solution, equivalent to about 4 g. of sorbitol, into a 25-ml. volu- 
metric flask. Dilute to volume with water and mix well. Using a 
suitable microliter syringe6, transfer exactly 25 pl. of this solution 
into a small vial fitted with a screw-type, foil-lined cap. Then 
proceed as described in Surnple Prc~paruiiorr A ,  beginning with: 
"Add 0.2 ml. of anhydrous pyridine.. . ." 


Procedur-The working standard solution is chromatographed 
and the response factor for mannitol and sorbitol is determined 
under the prescribed instrument parameters. After the elution of 
the sorbitol acetate, the column is ready for the next injection. 
Once a constant response is obtained, the working sample solution 
is chromatographed and the percent composition of the mannitol 
and sorbitol is determined. 


Calculatio-Determination of response factor for sorbitol and 
mannitol: 


3 Rctention times diminish noticeably with column age. 
4 Matheson, Coleman and Bell. 


6 Hamilton. 
Varian Aerograph. 







where: 


A s  (std) = area of sorbitol acetate in the working standard 


A M  (std) = area of mannitol acetate in the working standard 


Ars (std) = area of internal standard in the working standard 


CS = concentration of sorbitol in milligrams per milliliter 


CM = concentration of mannitol in milligrams per milli- 


CIS = concentration of internal standard in milligrams per 


solution 


solution 


solution 


of the working standard solution 


liter of the working standard solution 


milliliter of the internal standard stock solution 


Analysis for sorbitol and mannitol in aqueous preparations : 
1 .  Experimental 40% (w/v) solutions: 


As  (spl) X CIS X 10,000 (Eq. 2n) 
Ars ( ~ p l )  X RFs X 1000 percent sorbitol (w/v) = 


(Eq. 2b) 
AM ( ~ p l )  X CIS X 13,000 
Ars (Spl) X RFM X 1000 


percent mannitol (w/v) = 


where A is area, C is concentration, and RF is the response factor 
as already described; 10,OOO = dilution factor and conversion to 
percent; 1000 = conversion to grams; and (spl) = sample. 


2. USP 70% (w/w) solutions: 


As (spl) X CIS X 100,000 
Ars (spl) X RFs X spl. wt. (mg.) percent sorbitol (w/w) = 


Ani ( S P ~  X s s  X 100,000 
A i s  (spl) X RFM X spl. wt. (mg.) percent mannitol (w/w) = 


(Eq. 36) 


where A is area, C is concentration, and RF is the response factor 
as already described; 100,000 = dilution factor and conversion 
to percent. 


RESULTS AND DISCUSSION 


Numerous GLC methods have been reported for the mono- 
saccharides and their reduced sugars (sugar alcohols). These re- 
ports indicated favorably the use of acetate derivatives over tri- 
methylsilyl derivatives. There are advantages and disadvantages to 
each. 


Crowell and Burnett (1) cited some disadvantages of trimethyl- 
silyl derivatization, especially the extensive drying procedures 
necessary to remove all of the water, which would compete in the 
silylation reaction to form hexamethyldisiloxane. In addition, the 
results may not always be quantitative and reaction times can be 
quite long. Ellis (2) listed the advantages of trimethylsilyl derivatives 
as: (a) the simplicity of the reaction (as with hexamethyldisilazane 
and trimethylchlorosilane reagents), (b) higher volatility of the 
final products, and (c)  wider choice of liquid phases with less 
column bleed. 


Our trials indicated satisfactory silylation but little or no sep- 
aration of the trimethylsilyl derivatives of mannitol and sorbitol 
on several columns of varying polarity, including OV-17, QF-I, 
XE-60, DOW-710, and PEG-4000 MS. Sweeley et ul. (3)  obtained 
no separation with SE-52 and virtually none with ethylene glycol 
succinate. Clearly, silylation, while it does make a suitable derivative 
for the sugar alcohols, will not permit effective separation of 
the two compounds in question. It can be reasoned that the tri- 
methylsilyl derivatives, because of the equivalence of the methyl 
groups, would have little affinity for the liquid phase. In addition, 
reagent tailing and poor reproducibility were evident with the 
trimethylsilyl derivative. 


Separation of mannitol and sorbitol is much more likely when the 
hexaacetate derivative is made. This is explained stereochemically by 
Gunner e /  d. (4) in their paper using the zig-zag conformational 
approach. They showed that the retention times of sugar alcohol 
molecules (in this case, mannitol and sorbitol acetates) depend on 
the arrangement of acetoxy groups attached to the nonterminal 
carbon atoms. The more acetoxy groups in the same plane, the 


greater is the affinity for the liquid phase of the column and, hence, 
the longer is the retention time. The retention time may also 
be affected by the closeness of the acetoxy groups to each other. 
In our experimentation, as expected, sorbitol with three acetoxy 
groups in the same plane did indeed result in a longer retention time 
than mannitol, which contains only two acetoxy groups in the 
same plane. The difference in the structure between sorbitol and 
mannitol is at  the number two carbon atom. 


sorbitol hexaace ta t e  


A*, H 
'A 'j--ioAc 


; H i. OAc A* 


mannitol hexaacetate 


During this investigation, it was found that most liquid phases 
result in poor separation of the reduced sugars, even as their 
acetates. In addition, tailing occurs on some phases, including 
XE-60, which prevents baseline separation and quantitation of 
mannitol and sorbitol'. Etched glass beads (GLC 110) coated with 
0.1 OV-225. 
Only the latter separated the two acetates completely and with 
symmetry, but the column rapidly deteriorated at the necessary 
operating temperature of approximately 200" (possibly due to the 
lean loading). The separation of mannitol and sorbitol acetates 
was also reported ( 5 )  using QF-1 as the liquid phase packed into a 
1.8-m. (6-ft.) x 6-mm. i.d. column. 


Complete separation of the alditol acetates (including mannitol, 
galactitol, and sorbitol) on organosilicone polymer liquid phases 
has been reported. Sawardeker ef a/. (6) found that the two most 
promising phases of this type were EGSS-X and ECNSS-M. 
Shaw and Moss (7) used EGSS-X to resolve their alditol acetates 
after having first reduced the parent monosaccharides with sodium 
borohydride. They found the relative response factors of mannitol 
to sorbitol to be 1.08 to 1.00, corresponding to results achieved in 
this study and confirming maximum elution of the sorbitol acetate. 


The selected liquid phase, ECNSS-M, is an organosilicone 
polyester of ethylene glycol succinate chemically combined with a 
silicone of the cyanoethyl type. It is reported to have a normal 
operating temperature of 190" and a maximum temperature of 
210". Because of the slow column bleed rate observed at  the operat- 
ing temperature of 175", there could be baseline drift, thereby 
necessitating periodic monitoring of the baseline. It is theorized 
that there is a steady "bleeding-off" of the ethylene glycol succinate 
component of the liquid phase. 


Since a continual decrease in retention times had also been 
observed, a study of column depletion was undertaken. Two col- 
umns of identical dimensions [stainless steel, 0.61 m. X 0.32 cm. 
(2 ft. X 0.125 in.) o.d.1 were prepared. One was packed with 27,; 
ECNSS-M on Gas Chrom Q; the other, as the procedure specifies, 
was packed with 5 %  ECNSS-M on Gas Chrom Q. After condition- 
ing both overnight at  140", the leaner loaded column was operated 
isothermally at 160" over 10 days, while the other column was 
operated at  175" over the same period of time. These temperatures 
initially yielded comparable retention times. 


Calculations of column efficiency for all three components were 
made using the following formulas: 


XE-60 were tried, as well as 0.1 % OV-17 and 0.1 


L ?  
I I  = 16 (M) 


~~~~~ ~ 


7 P. Weinert, W. Szkrybald, and G .  Jaffe, Hoffmann-La Roche It?c., 
Nutley, N. J., reported data using XE-60, which included a separation 
of mannitol acetate and sorbitol acetate. 
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Figure 2-Linearity of respowse of sorbitol with cowcewtruiioti- 
column, 5% ECNSS-M on Gas Clirorn Q ;  lewgtli, 61 cm. ( 2  jt.); 
temperalure, 175". Sorbitol wos injected as the acetate derirutice with 
tlw i n t i w d  standurci us ( I  rotisiuwt. 


and : 


7 = number of theoretical plates per column foot (Eq. 46) 
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Figure 3-Liticwrity of' response of rnannitol with concenrrotioiz- 
column, 5% ECNSS-M on Gas Chrom Q ;  length, 61 em. (2 fi.); 
temperature, 175". Matniitol was injected as the acetate derivatiae 
wiili the iwtertrul sturrdurtl us  [I constuwt. 


Table I-Determination of Sorbitol and Mannitol in 
Various Samples 


Sorbitol, 7; Mannitol, 
Lot (W/V) (W/V) 


Experimental 40 Solutions 
N-3603 45.3 0.4 
N-3606 44.0 0.6 
N-3616 44.4 0.4 
N-3618 41.1 0.4  


Sorbitol, 7: Manncol, z-~ 
Sample (wlw) (w/w) 


USP 70 z Solutiohs 
1 70.4 2.0 
2 68.5 2.1 
3 70.8 2.2 


where: 


n = number of theoretical plates 
L = distance from injection point to tangential half-peak 


M = tangential peak width 
I = column length in feet 


The drop in efficiencies in the columns, observed after 10 days, 
was as follows: ( a )  2 % column loading--dioctyl sebacate, initially 
392 to 116 plates/ft.; mannitol, initially 620 to 225 plates/ft.; and 
sorbitol, initially 512 to 266 plates/ft.; and (b)  5z column loading- 
dioctyl sebacate, initially 261 to 155 plates/ft. ; mannitol, initially 
422 to 304 plates/ft.; and sorbitol, initially 353 to 288 plates/ft. 


The resolution between mannitol and sorbitol also diminished 
and after a few days showed a general leveling-off of values above 
1.5, which should be expected to hold fairly constant for some time. 
Column temperature might have to be lowered, however, to achieve 
proper retention times. 


The 5 %  packing would seem to be the one of choice because 
its lifetime is longer (it would take a longer amount of time to 
lose its volatile liquid phase), it shows better efficiency over the 
long run, and, most important, it accommodates more sample 
without overload patterns which could impair quantitation. 


It was reported (1) that sorbitol exhihits the slowest acetylation 
rate of the sugar alcohols. In our study, complete acetylation of 
sorbitol occurred in 30 min. at 100". In addition, if the acetylation 
reagents are removed by evaporation fcllowing derivatization, no 
tailing of the solvent is observed in the chromatogram. 


Detector linearity for both sorbitol acetate and mannitol acetate 
uersus the internal standard as a constant is shown in Figs. 2 and 3, 
respectively. 


Results obtained on experimental 40 % aqueous sorbitol solutions 
and USP 70% solutions are listed in Table I. The GLC method, 
when applied to sorbitol powder USP, was quite satisfactory and 
no difficulty was encountered in handling. A typical sorbitol assay 
was 97.8 Z, well above the minimum USP level of 91 %. 


The internal standard, dioctyl sebiicate, contained a slight 
impurity which did not interfere in the retention time of any of the 
peaks being measured. Dinonyl sebacate would be a better choice 
since its elution is closer to mannitol acetate; however, pure dinonyl 
sebacate could not be obtained. 


Six replicates of an aqueous solution containing 40% sorbitol 
(w/v) showed a mean of 45.1 with a standard deviation of =b 1.15. 
The limits of a single determination (ts) at the 9 5 2  confidence 
level for 5 degrees of freedom was rt 2.97. 


This method offers a more rapid and simple means of analysis of 
aqueous sorbitol solutions and dry sorbitol powder than existing 
techniques, including the USP method. Furthermore, in comparison 
to the USP procedure, the GLC assay is relatively inexpensive, 
requiring small amounts of reagents, column material, and 
packing. Column life itself can be extended by lower temperature 
operation without sacrificing efficiency or resolution. The GLC 
method is applicable to the analysis of both sorbitol and mannitol 
in the same chromatogram, while the USP procedure determines the 
sorbitol content. 
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Phenylbutazone-Sodium Warfarin Binding Using a 
Fluorescent Probe Technique 


H. W. JUN', L. A. LUZZI, and P. L. HSU 


Abstract a 1-Anilinonaphthalene-8-sulfonate was used to study 
the binding of phenylbutazone and sodium warfarin to  bovine 
serum albumin. The  protein niolecules appeared to have a n  average 
of  three binding sites for these compounds. The binding constant 
for phenylbutazone was found to  be 2.5 times larger than that for 
sodium warfarin. Identical binding sites with a diflerent binding 
altinity between the two drugs indicate a competition for the bind- 
ing sites between phenylbutazone and sodium warfarin in favor of 
phenylbutazone. The  mechanism of binding for these drugs may be 
ol' a hydrophobic nature. 


Keyphrases 0 ~'henylbutazone---warfarin binding-studied using 
tiuorescent probe technique, binding constants, proposed mecha- 
nism Warfarin--phenylbtitazone binding-studied using fluores- 
cent probe technique. binding constants, proposed mechanism 0 
t-luorescent probe technique -used to study phenylhutazone-war- 
farin binding. binding constants, proposed mechanisms 0 Inter- 
actions- -phenylbutazone -warfarin-protein binding constants, pro- 
posed mechanism 


Phenylbutazone has been shown to displace sodium 
warfarin from plasma protein binding sites. Aggeler 
ct nl. (1) used dialysis techniques to  demonstrate that 
sodium warfarin is displaced by phenylbutazone. 
O'Reilly and Levy (2), using in uivo studies, showed that 
the elimination half-life of warfarin is decreased, while 
its anticoagulant activity is increased, by concurrent 
adniinistration of phenylbutazone. Other clinical studies 
(3. 4) also showed a marked increase in prothrombin 
time of sodium warfarin in the presence of phenylbuta- 
7one. 


Fluorescence probe techniques were recently eni- 
ployed for the study of drug-protein binding (5) and for 
elucidation of the competitive binding of substrates and 
enzymes (6). Therefore, the binding of phenylbutazone 
and sodium warfarin to bovine seruni albumin was 
studied by the use of I-anilinonaphthalene-8-sulfonate, 
and the conipetition between the two drugs for the bind- 
ing sites was examined. 


EXPERIMENTAL 


The general approach and  techniques used were essentially the 
same as those employed by Brand e! ( I / .  ( 6 )  in their study of the 
binding of rose bengal and  anilinonaphthalene sulfonates to alcohol 
dehydroyenase. A few minor modifications were made. 


Materials -I-Anilinonaplithalene-S-siillonatel was employed a s  
a fluorescent probe. This compound has minimal fluorescence in 
aqueous solution but fluoresces strongly when bound t o  bovine 
serum albumin. Phenylbutazone2 and  sodium warfarin,: were used 
without further purification. Crystalline bovine serum albumin4 was 
purchased. Methanol5 was spectroscopic grade, and  all other 
chemicals were reagent grade or of special purity. Water used in this 
study was double distilled from glass. 


Apparatus-Fluorometric measurenients were made with a 
spectrophotofluorometera. The relative fluorescence intensities of 
bound probe were obtained directly from fluorometer readings o f  
uncorrected excitation (375 nm.) and  emission (475 nm.) wave- 
lengths. 


Methods-Fluorescence intensities of the protein -probe complex 
a s  a function of probe concentration (1.0-15.0 X M )  were 
measured at  two protein concentrations (0.2 and 2.0 nig. proteinj2 
ml. solution) in p H  7.2 phosphate buffer. T w o  milliliters of each 
protein solution was titrated with successive additions of 2 P I .  of 
1 x lo-? M probe in methanol. Titrations were performed manually 
with Hamilton microsyringes. Experiments were carried out at 28". 


Titrations of the protein solutions with probe were repeated in  the 
presence of 1 X Mconcentrat ion of both phenylhutazone and 
sodium warfarin individually. The drugs were added to the solution 
prior to titration. 


Treatment of I>&- Enhancement of the fluorescence of the probe 
upon addition to bovine serum albumin a t  two concentrations and 
the subsequent decrease of fluorescence in the presence of the bind- 
ing competitors. phenylbutarone and  sodium warfarin, were w e d  
t o  calculate the binding constants for the probe and  competitors. 
The  fraction of probe bound, X .  was calculated using the following 


~~ 


1 Sigma Chemical Co.. St. Louis, Mo. 
2 Lot No. SN 46241, Ciha-Gcigy Pharmaccuticals, Ardsley, Ncw 


3 Lot No. 833-1521. Abbott Laboratories. North Chicago, 111. 
4 Nutritional Biochemicals Carp., Cleveland. .Ohio. 
5 Matheson. Coleman & Bell. Norwood, Ohlo. 
6 Aminco-Bowman. 


York, N .  Y. 
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Acute and Chronic Effects of 
3,4-Dimethoxyphenylacetamide on Plasma 
Glucose and Cholesterol in Rats 


EDWARD C. KRIMMER, HERBERT BARRY, HIA, and JOSEPH P. BUCKLEY 


Abstract 0 One hour after a single intraperitoneal dose of 50--200 
rng./kg. of 3,4-dimethoxyphenylacetamide to satiated and 24-hr. 
fasted rats, plasma glucose was markedly increased but plasma 
cholesterol was reliably decreased only by the highest dose in one 
of two studies with satiated animals. At 24 hr. after the 10th daily 
oral drug administration, plasma cholesterol of rats was unaf- 
fected by 3,4-dimethoxyphenylacetarnide (100 mg./kg.) but markedly 
decreased by a standard hypocholesterolemic agent (20,25-di- 
azacholesterol). An acute, toxic effect of 3,4-dimethoxyphenyl- 
acetamide was indicated by a marked decrease in spontaneous motor 
activity and in body weight gain. Contrary to a previous suggestion, 
3,4-dimethoxyphenylacetamide does not appear to be a promising 
hypocholesterolemic agent; observations of acute hyperglycemia 
are at  least partly attributable to the stressful efTects of the toxic 
doses given. 


Keyphrases 0 3,4-Dimethoxyphenylacetamide- -hypocholesterol- 
emic and hyperglycemic activity, compared to 20.25-diazacholes- 
terol, rats 0 Hyperglycemic activity- 3,4-dirnethoxyphenylacet- 
amide 0 Hypocholesterolemic agents. potential- 3,%dimethoxy- 
acetamide, compared to 20,25-diazacholesterol 


A previous article from these laboratories ( I )  reported 
the pharmacological evaluation of 3,4-dimethoxy- 
phenylacetamide. The crystalline compound was iso- 
lated from the leaves of Catharnntus lanceits and later 
synthesized (2). A possible therapeutic use of this com- 
pound was suggested by structural similarities to phenyl- 
ethylacetic acid, a compound shown to have hypo- 
cholesterolemic properties (3). Sofia et al. ( I ) ,  in a test 
for this effect at 30 and 60 min. after administration of a 
single dose (100 mg./kg.) to rats fasted for 24 hr., re- 
ported a significant reduction of plasnia cholesterol at 


the 60-min. postinjection time, with no change i n  plasma 
glucose levels. A test of spontaneous activity in mice 
showed marked CNS depression with doses as low as 
6.25 mg./kg. 


The first experiment reported in the present paper 
evaluates the acute effects of 3,4-dimethoxyphenyl- 
acetamide, repeating the previous studies on the effects 
of the compound on plasma glucose and cholesterol 
levels (1). In addition, fasted and satiated rats were com- 
pared because this variable may be important with oral 
administration of the drug. The effect of the compound 
on spontaneous activity was determined in the same 
animals, immediately preceding the test for plasma 
glucose and cholesterol. 


Most references on hypocholesterolernic compounds 
indicate that chronic. oral administration is used for 
lowering the plasma cholesterol (4-8). Therefore, thc 
present paper reports a second experiment comparing 
acute oral with intraperitoneal effects of 3,4-dimethoxy- 
phenylacetamide and a third experiment comparing 
chronic oral effects of this compound with 20,25-diaza- 
cholesterol dihydrochloride’, a standard hypocholester- 
olemic agent (S), both administered for 10 days prior to 
determination of plasma glucose and cholesterol. In  
this chronic study, hypercholesterolemia was induced in 
some animals by concurrent administration of propyl- 
thiouracil in the drinking fluid. 


’ SC- 12937. 
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Table I-Square Root Activity Counts (Mean and SE)  between 
50 and 60 min. after a Single Dose of 3,4Dimethoxyphenyl- 
acetamide or Its Vehicle 


Dosage, mg./kg.------- 
Vehicle 50 100 200 


Satiated group" 
Mean 32.3 15.06 . 8.2" 2 1 . 9 ~  
SE 1.11 2.08 4.10 2.28 
N 3 3 3 3 


Mean 21.8 9 . 8 ~  9.1" 6.3" 
SE 3.96 0.93 0.65 1.51 
N 4 5 5 4 


Fasted group 


a One of the four animals in each satiated group was omitted because 
of malfunction of the recording elements. * p  < 0.01 for difference from 
vehicle. c p < 0.05 for difference from vehicle. 


EXPERIMENTAL 


Animals-Male, albino rats2, Wistar descendants weighing 
150-175 g. at  the time of receipt, were housed in individual cages 
with the environmental temperature controlled at  22 =k 1 O and an 
automatically regulated cycle of 12 hr. light, 12 hr. dark. Experi- 
mental procedures were begun after 5-7 days of acclimation to  the 
housing conditions. Food and water were continuously available 
except as specified for Experiment I. 


Procedures-All tests and drug administrations were during the 
lighted portion of the daily cycle. Experiment I was conducted on 
two groups of rats: 16 satiated and 18 24-hr. fasted at the time of the 
test. Four animals in each group were randomly assigned to each 
of four dosage conditions (3,4-dimethoxyphenylacetamide: 50, 
100, and 200 mg./kg. and its vehicle), except for five fasted animals 
given 50 and lOOmg./kg. The compound (50,100, and 200 mg./kg.) 
or its vehicle (0.25 agar suspension) was administered intraperi- 
toneally in a volume of 4 ml./kg. body weight, followed by place- 
ment of the animals in individual waiting cages without food or 
water. Blood samples for measuring plasma glucose and cholesterol 
(9) were collected by decapitation, 60 min. after injection. Spon- 
taneous motor activity was recorded in an Actophotometer (10) for 
each animal for 10 min. immelately preceding decapitation. The 
time interval was less than 1 min. between removal of the animal 
from the Actophotometer and completion of blood collection. 


Blood samples were centrifuged at  2300Xgfor 10 min., and plasma 
was collected and frozen. Plasma glucose and cholesterol deter- 
minations were made within 24 hr. of collection using a colorimetric 
technique'. 
In Experiment 11, the same procedures as in Experiment I were 


applied to 24 satiated animals, divided randomly into four groups of 
six each. The 3,4-dimethoxyphenylacetamide (200 mg./kg.) was 
administered orally to  one group and intraperitoneally to another. 
Controls were provided by oral and intraperitoneal administration 
of the vehicle to the other two groups. 
In Experiment 111, 30 animals were divided randomly into two 


equal groups, one receiving propylthiouracil (0.01 %) and the other 
tap water as their drinking fluid. Both groups were subdivided into 
three groups of five animals each, receiving orally 3,4-dimethoxy- 
phenylacetamide (100 mg./kg.). 20,25-diazacholesterol dihydro- 
chloride (3.0 mg./kg.), or the same vehicle as in Experiments I and 
I1 in a volume of 3 ml./kg. for 10 days. All drinking fluids were re- 
placed with fresh ones on alternate days. Body weight and consump- 
tion of food and fluid were recorded daily. At 24 hr. after the 10th 
daily treatment, plasma glucose and cholesterol were collected and 
measured as in Experiment 1. 


Drug Preparation-For the satiated animals in Experiment I, 
the 3,4-dimethoxyphenylacetaniide and agar were pulverized to- 
gether and sufficient distilled water was added to produce a mixture 
of 200 mg./ml. with 0.2577, agar in water. The combination was 
slowly heated to permit the compound to  form a suspension in the 
agar. Further dilution from the stock was made by adding 0.25% 


The animals were obtaincd from Hilltop Lab Animals, Inc.. Scott- 
dale, Pa., for Experiment 1 and from Zivic-Miller, Inc., Pittsburgh, Pa., 
for Experiments I1 and 111. 


3 Outlined in the Dow Diagnostest brochure. 
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Figure 1-Plasma glucose (0) arid cholesrerol (0) at 60 niiri. after 
intraperitorieal injection of 50, 100, or 200 nlg./kg. of3,4-dimethoxy- 
plierrylacetumide or its iwhicle ( V )  in satiated uiid.fasted rats. 


agar suspension. For the fasted animals in Experiment I, and 
throughout Experiments 11 and 111, the 3,4-d1methoxyphenylacet- 
amide was powdered and a sufficient quantity of 0.25% agar was 
slowly added to produce the stock suspension from which further 
dilutions were made. This modification, which replicated the pro- 
cedure used by Sofia et at. (I), was designed to prevent any possible 
degradation of the compound due to heating. 


RESULTS 


Figure 1 shows the acute effects of a single dose of 3,4-dimethoxy- 
phenylacetamide on plasma cholesterol and plasma glucose at  the 
1-hr. interval (Experiment I). The drug had little effect on plasma 
cholesterol, although the levels were progressively lower with in- 
creasing doses of the compound; the difference from the vehicle 
condition reached statistical significance for the highest dose (200 
mg./kg.) in the satiated animals ( t  = 2.99, df = 6 ,  p < 0.05). The 
same treatments caused substantial increases in plasma glucose 
levels. For the fasted animals, the increase was monotonically re- 
lated to  the dose of the compound, with each of the three doses dif- 
fering reliably from the vehicle. For the satiated animals, a sub- 
stantial, similar elevation of plasma glucose was found with all 
three dosages. None of the individual drug groups differed reliably 
from the vehicle group, but a statistically significant elevation was 
shown for the 12 drug animals, combining the three doses ( t  = 2.41, 


The glucose values were less variable among the animals in each 
fasted group than among those in the corresponding satiated groups, 
as shown by the smaller standard errors, so that the relatively small 
increase in plasma glucose for the fasted animals after the lowest 
dose of 3,4-dimethoxyphenylacetamide (50 mg./kg.) was statistically 
reliable. Comparison between the satiated and fasted vehicle groups 
(Fig. 1) shows virtually no difference in plasma cholesterol. The 
fasted vehicle animals had lower glucose levels than the satiated 
vehicle animals, in accordance with the effect to be expected from 
24 hr. of food deprivation, but the difference was not statistically 
significant. 


The effects of the compound on spontaneous motor activity are 
shown in Table I. All three doses had a large and reliable depressant 
effect, with a monotonic dose-response function for the fasted but 
not the satiated animals. 


df = 14, p < 0.05). 
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Table %-Mean and Standard Error of Plasma Cholesterol and 
Glucose at 60 min. and of Square Root Activity Counts at 
50-60 min. after Intraperitoneal or Oral Administration of 
3,4Dimethoxyphenylacetamide (200 mg./kg.) or Its Vehicle 


-Oral--- -1ntraperitoneal- 
Vehicle Drug Vehicle Drug 


Number of 6 6 6 6 


Plasma 
animals 


cholesterol 
Mean 65.4 70.5 67.7 66.2 
SE 4.73 4.50 6.81 4.77 


Plasma glucose 
Mean 152.8 171.6 157.6 233.4" 
SE 5.87 9.64 4.38 17.89 


Square root 
activity 
counts 


Mean 19.9 11.4" 17.2 7.55 
SE 1.90 1.65 1.11 1.98 


(1 p < 0.01 for difference from vehicle for same route of administra- 
tion. 


The results of Experiment I1 are summarized in Table 11. The 
plasma cholesterol showed a negligible difference between the drug 
and vehicle groups, both with oral and intraperitoneal administra- 
tion. The plasma glucose was reliably elevated by the drug ad- 
ministered intraperitoneally ( t  = 4.12, df = 10, p < 0.01). The same 
tendency was found with the oral route, but the difference from the 
vehicle group was short of statistical significance. Spontaneous 
motor activity was reliably decreased by the drug administered 
orally ( t  = 3.41, df' = 10, p < 0.01) and intraperitoneally ( t  = 4.24, 
df = 10,p < 0.01). 


Figure 2 summarizes, for Experiment 111, the plasma glucose and 
cholesterol levels at 24 hr. after the 10th daily oral dose of 3,4-di- 
methoxyphenylacetamide, 20,25-diazacholesterol (a standard hypo- 
cholesterolemic agent), or the vehicle. The standard hypocholester- 
olemic agent reliably decreased the cholesterol level below the vehicle 
controls ( t  = 2.73, df = 8, p < 0.05 for the animals given water; t 
= 3.94, df = 8, p < 0.01 for those given propylthiouracil as their 
drinking fluid). The propylthiouracil treatment increased cholesterol 
in all groups, as would be expected, but the difference was statis- 
tically reliable only for the 3,4-dimethoxyphenylacetamide group 
( 1  = 2.97, df = 8, p < 0.05). 


The glucose levels were closely similar for all of the groups shown 
in Fig. 2, with the exception of the elevated average in the water- 
treated 3,4-dimethoxyphenylacetamide group. Its difference from 
the water-treated vehicle group approached the conventional 5 
criterion for statistical reliability ( t  = 2.09, df' = 8 ,  p < 0.10). 


Toxic effects of 3,4-dimethoxyphenylacetamide were seen in the 
first 24 hr. after the first oral administration of this compound, as 
shown by changes in body weight, compared with the vehicle group 
under the same propylthiouracil or water condition (Table 111). 
Furthermore, adverse effects of adding propylthiouracil to the 
drinking fluid in the first 24 hr. were shown by comparison with 
animals drinking water for the same 3,4-dimethoxyphenylacetamide 
or vehicle group. However, the standard hypocholesterolemic com- 
pound, which had no reliable effect on any of the measures in the 
animals receiving tap water, counteracted the adverse effects of 
propylthiouracil on weight gain during the first 24 hr. of these com- 
bined treatments (Table 111). These differences among groups in 
weight change are at least partly attributable to differences in food 
and fluid intake. The 3,4-dimethoxyphenylacetamide reliably de- 
creased fluid intake ( t  = 2.45, df = 28, p < 0.05) and food intake 
( t  = 2.97, df  = 28, p < 0.01) when this compound was compared 
with the standard hypocholesterolemic agent and the vehicle, pooled 
together, with the water and propylthiouracil conditions also being 
pooled together. 


DISCUSSION 


Contrary to the suggestion by Sofia et 01. (l), 3,4-dimethoxy- 
phenylacetamide does not seem likely to be clinically useful as a 
hypocholesterolemic agent; it does not have the necessary attributes 
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Figure 2-Plasma glucose (0) and cholesterol (@) at 24 hr. after the 
lOrh daily oral administration of 100 mg./kg. of 3,4-dimethoxypkenyl- 
acetamide ( D  MPA), the standard hypocholesterolemic agent, 20,25- 
diazacholesterol ( S ) ,  or the vehicle ( V )  irt rats gitien water or propyl- 
thiouracil as their driitking fluid. 


of a xpecific effect, after chronic administration, at doses that are 
not physiologically or behaviorally toric. A hypocholesterolemic 
effect of this compound has been demonstrated, but only acutely, 
at the high doses of 200 mg./kg. for rats (Fig. 1) and 100 mg./kg. 
for mice (1). These far exceed the doses found sufficient to depress 
spontaneous activity: 50 mg./kg. in rat:; (Table 1) and 6.25 mg./kg. 
in mice (1). The failure of chronic 3,4-dimethoxyphenylacetamide 
treatment to reduce cholesterol (Experiment 111) indicates that the 
hypocholesterolemic effect of this ccmpound is only acute and not 
cumulative, even when plasma cholesterol was elevated by propyl- 
thiouracil treatment. The results of Experiment I1 indicate that 3,4- 
dimethoxyphenylacetamide is adequately absorbed after oral ad- 
ministration, although the drug effects aIe weaker, as would be ex- 
pected, than at the same 1-hr. interval aftei intraperitoneal adniinis- 
tration. Moreover, responsiveness to  a hypocholesterolemic drug 


Table 111-Effects of the First 24 hr. of Propylthiouracil Added 
to the Drinking Fluid and Daily Oral 3,4-Dimethoxyphenyl- 
acetamide or the Standard Hypocholesterolemic Agent on 
Change in Body Weight and in Fluid and Food Intake (Mean 
f SE)  in Comparison with the Preceding and Subsequent 
24-hr. Periods Averaged Together 


~ 


Drug Body Fluid Food 
Condition Weight, g. Intake, ml. Intake, g. 


Drinking Fluid: Propylthiouracil 
3,4-Dimethoxy- -2 .8  f 2.5 -6.9 f 2.5 -3.4 f 1 . 4  


phenylacetamide 
Standard 0.7 f l . l a  -2.3 zt 1.5 -0.4 i 0.6 
Vehicle -4.4 zt 1.5b -7.1 zt 1.9 -1.6 f 0.4 


Drinking Fluid: Water 
3,4-Dimethoxy- -3.9 =t 1.9. -10.6 zt 3.8 -3.4 f 1 . 6  


phenylacetamide 
Standard 0 . 3  f 1.8 - 4 . 5 3 ~  1 . 2  -1.Ozt 0 .8  
Vehicle 1 . 0  zt 0.8 -1.8 f 1.5 -1.1 zt 0.6 


a p  < 0.05 for difference from vehicle for same propylthiouracil or 
water treatment. b p  < 0.05 for difference from water for same drug 
condition. 
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was clearly shown by the lower cholesterol levels after 10 days of 
treatment with 20,25-diazacholesterol (Fig. 2). The cholesterol 
values for the standard drug and vehicle groups after propylthio- 
uracil treatment were closely similar to those reported by Ranney 
and Cook (8). The present experiment also gives evidence for a 
short-term therapeutic action of 20,25-diazacholesterol in reversing 
adverse effects of propylthiouracil during the first 24 hr. of treat- 
ment (Table 111). 


The principal physiological effect of 3.4-dimethoxyphenylacet- 
amide wa: the glucose elevation at  I hr. after a single dose of this 
compound. Since the blood collection was completed in less than 1 
min., this procedure probably did not elevate plasma glucose ( I I ) ,  
thus enabling better differentiation between the drug and vehicle 
groups in this respect. Hyperglycemia is one of the manifestations 
of a stress response ( 1  1,  12), which may also have been evidenced 
by a severe decrease in the behavioral measure of spontaneous motor 
activit) (Experiments I and 11) and by adverse effects during 24 hr. 
on body weight (Experiment 111). In Experiment I, labored respira- 
tion was observed within 20 min. after administration of 3,4-di- 
meihoxyphenylacetamide. In addition t o  the possible stress-induced 
glycolysis, which could account for hyperglycemia in satiated ani- 
mals, the large and reliable glucose elevation in fasted animals sug- 
gests that gluconeogenesis also contributed to the hyperglycemic 
response 10 this compound, because the glycogen stores of the liver 
should be depleted after 24 hr. of fasting. The tendency for hyper- 
glycemia in the water group of Experiment Il l  (shown in Fig. 2) 
gives evidence that some degree of hyperglycemia persists for as long 
as 24 hr. after administration of this compound. 


The hypocholesterolemia at 1 hr. after a single dose of 3,4-di- 
rnethoxyphenylacetamide, reported previously ( I ) ,  was found in the 
satiated animals in Experiment I but not in satiated animals received 
from a different supplier (Experiment 11). The present results do not 
enable us to identify the conditions that determine this effect of the 
compound. The present series of experiments consistently showed a 
hyperglycemic effect of 3,4-dimethoxyphenylacetamide, which was 
not found by Sofia et 01. (1). Their plasma glucose levels were con- 
siderably lower than the corresponding ones found in the present 
study and generally reported by other investigators. Since their ani- 
mals were tested as early as 3 days after arrival in the laboratory, 
the 24-hr. fasting might have had a more severe effect, resulting in 
lower levels of plasma glucose. A suggestive parallel to these seem- 
ingly contradictory findings is found in effects of ethyl alcohol. A 
st ress-induced hyperglycemic or hypoglycemic response may occur, 
depending on a number of variables, including the animal’s nutri- 
tional condition and the time interval after alcohol administration 
(13). 
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NOTES 


Substituted 3,4,5-Trimethoxybenzamides: 
Correlation between Inhibition of Pyruvic Acid 
Oxidation and Anticonvulsant Activity 


A. K .  CHATURVEDI, A. CHAUDHARI, and SURENDRA S. PARMAR' 


Abstract Several 3,4,5-trimethoxybenzamides were synthesized 
and evaluated for their inhibitory effects on the oxidation of 
pyruvic acid by rat brain hornogenate. These benzamides were 
also found to possess an anticonvulsant property which, however, 
was unrelated to their ability to inhibit the oxidation of pyruvic 
acid. 


Keyphrases 0 3,4,5 - Trimethoxybenzamides, substituted-syn- 
thesized as pyruvic acid oxidation inhibitors, correlated with anti- 
convulsant structureactivity relationships 0 Structure-activity re- 
lationships-pyruvic acid oxidation inhibitors with anticonvulsant 
activity 'J Pyruvic acid oxidation inhibitors-synthesis of 3,4,5- 
trirnethoxybenzamides 0 Anticonvulsant activity-3,4,5 - trime- 
thoxybenzamides synthesized and screened 


The presence of the 3,4,5-trimethoxybenzene nucleus 
in reserpine was shown (1-4) to be responsible for its 
CNS depressant and hypotensive properties. Several 
trimethoxybenzamides were also reported (5, 6) to have 
effects on the CNS. Moffett (7) reported that amides had 
more CNS depressant action than the corresponding 
esters. The functional role of the 3,4,5-trimethoxyphenyl 
moiety for CNS activity (8) and the ability of reserpine 
to lower respiratory activity and the electric shock 


threshold in mice (9, 10) led to the synthesis of N-cyclo- 
hexyl-N-substituted 3,4,5-trimethoxybenzamides as pos- 
sible anticonvulsants. Furthermore, selective inhibition 
of the nicotinamide adenine dinucleotide-dependent 
oxidation of pyruvic acid and other substrates of the 
tricarboxylic acid cycle by 2-methyl-3-oriho-tolyl-4- 
quinazolone (1 1-13) possessing hypnotic (14) and anti- 
convulsant properties (1 5) led us to attempt to correlate 
the ability of 3,4,5-trimethoxybenzamides to inhibit the 
oxidation of pyruvic acid by rat brain homogenate with 
their anticonvulsant properties. 


CHEMISTRY 


The various substituted cyclohexylamines and 3,4,5-trimethoxy- 
benzamides were synthesized according to Scheme I and are sum- 
marized in Tables I and 11, respectively. 


Various derivatives of cyclohexylamines (I-VII) were obtained 
by condensation of N-(3-aminopropyl)cyclohexylamine with suit- 
able aromatic aldehydes. Compounds VIII-XVII (Table 11) were 
prepared by the reaction of 3,4,5-trimethoxybenzoyl chloride with 
suitable cyclohexylamine derivatives. Compound XVIII was also 
obtained by the reaction of 3,4,5-trimethoxybenzoyl chloride with 
N-cyclohexyl-8-alanine at room temperature. Compounds VIII- 
XVIII showed their characteristic absorptions for --CON<. Their 


Table I -Physical Constants of ,%'-(Substituted l3enzylideneaminopropyl)cyclohexylamines 
~ ~~ ~ 


Recrystal- 
Com- lization 7- Analysis, z- 
pound R Yield, Melting Point Solventa Molecular Formula Calc. Found 


I H 60 260" A C I ~ Z I N P .  HCl C 68.44 68.52 
H 8.91 9.00 
N 9.98 10.03 


N 8.88 
IV o-OCHa 55 90" D CirHzsNzO c 74.45 74.70 


H 9.48 9.78 
N 10.21 9.98 


V pOCHs 60 161 A CnHzsNzO c 74.45 74.68 
H 9.48 9.52 
N 10.21 10.00 


VI m-NOz 60 249 A CI~HIJNBO~ *HCl C 58.98 59.03 
H 7.37 7.73 
N 12.90 12.54 
C 75.26 75.43 
H 10.10 10.21 
N 14.63 15.04 


5 A = ethanol, B = chloroform-petroleum ether (60-80"). C = benzene, and D = benzene-petroleum ether (6W30"). 
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O P  II 


corresponding starting materials do  not possess this type of func- 
tional group. 


EXPERIMENTAL' 


N-(Substituted Benzy1ideneaminopropyl)cyclohexylamines 0-WI) 
- -These compounds were synthesized by refluxing equimolar pro- 
portions of N-(3-aminopropyl)cyclohexylamine with the appropriate 
aromatic aldehyde in a minimum amount of absolute ethanol on a 
steam bath for 2 hr. The reaction mixture was kept in a refrigerator 
for 24 hr. After removing the solvent under reduced pressure, the 
desired cyclohexylamines thus obtained were filtered, dried, and 
recrystallized from suitable solvents. They were characterized by 
their sharp melting points and elemental analyses (Table I). 


N-Cyclohexyl-N-substituted 3,4,5Trirnethoxybenzamides (VIII- 
XVI1)-Various trimethoxybenzamides were prepared by refluxing 
3,4,5-trimethoxybenzoyl chloride with the appropriate N-substi- 
tuted cyclohexylamine (1 :2 molar ratio) in dry benzene on a steam 
bath for 1-4 hr. The mixture was cooled and then washed with 5 %  
HCl, 5% Na2C03 solution, and finally water. The solvent was re- 
moved by distillation under reduced pressure. The solid mass which 
separated out was filtered and recrystallized from a suitable solvent. 
The amides thus obtained were characterized by their sharp melt- 
ing points, elemental analyses, and IR spectra (Table 11). 


N-Cyclohexyl-"(8- propionic acid)-3,4,5- trimethoxybenzamide 
( X V I n t A  solution of 3,4,5-trimethoxybenzoyl chloride (0.01 
mole) in 25 ml. of dry benzene was added slowly to the cold solution 
of N-cyclohexyl-,fl-alanine (0.02 mole) in 25 ml. of dry benzene. 
The reaction mixture was stirred a t  room temperature for I hr. 
and then refluxed for 1 hr. on a steam bath. On evaporation of the 
solvent in a vacuum, the solid residue thus obtained was washed 


I Melting points were taken in open capillary tubes and were cor- 
rected. IR spectra were obtained with Perkin-Elmer Infracord spec- 
trophotometer model 137 equipped with NaCl optics in KBr films in 
the range of 7W-3500 cm.-l. 
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CH,O 


CHs0 +- E- N \ R' 
CH30 


XV: R' =(CH,),CN 
XVI: R' -CH(CH.J, 


XVII: R' - C2H3 
XVIII: R' - (CH,),COOH 


with 5 %  HCI to  remove unused N-cyclohexyl-fl-alanine and dis- 
solved in sodium carbonate solution. On acidification with dilute hy- 
drochloric acid, the solution yielded a precipitate which was filtered, 
washed with water, dried, and recrystallized from petroleum ether 
(6Cr8O0),  m.p. 80"; yield 4 5 z ;  I R :  1635 crn.-l (-CON<). 


And.--Calc. for ClsHz7N06: C, 62.46; H, 7.39; N, 3.83. Found: 
C. 62.74; H, 7.62; N, 3.52. 


Assay of Pyruvic Acid Oxidation by Rat Brain Homegenate- 
Male albino rats kept on an ad libitum diet were used for these 
experiments. Rat brains isolated from decapitated animals were 
immediately homogenized in ice-cold 0.25 M sucrose in a homog- 
enizer (Potter-Elvehjem) in the ratio of 1 :9 (w/v). All incubations 
were carried out a t  37", and the oxygen uptake was measured a t  
10-min. intervals, using air as the gas phase (13). The reaction 
mixture, in a total volume of 3.0 ml., contained 6.7 m M  MgSO,, 
20 mM Nd2HP04 in a buffer solution of p H  7.4, I m M  adenylic 
acid (sodium salt), 33 m M  KCI, and 500 mcg. of cytochrome c. 
The central well contained 0.2 ml. of 20% KOH. Pyruvate was 
used a t  the final concentration of 10 mM. The compounds were 
dissolved in propylene glycol (loo%), and an equal volume of the 
solvent was added to the control vessels. 


Determination of Anticonvulsant Activity--Anticonvulsant ac- 
tivity was determined in albino mice as reported earlier (16). The 
percentage protection offered by the drug against the convulsions 
produced by administration of pentylenetetrazol was taken as the 
anticonvulsant activity. 


DISCUSSION 


Results summarized in Table I11 indicate the ability of N-cyclo- 
hexyl-N-substituted 3,4,5-trimethoxybenzamides t o  inhibit oxida- 
tion of pyruvic acid by rat brain homogenate. Inhibition of pyruvic 
acid oxidation was found to  increase, with a simultaneous increase 
in the concentration of these trimethoxybenzamides. Among these 
compounds, XI was found to  show maximum inhibition. In addi- 
tion, all 3,4,5-trimethoxybenzamides were found to  possess anti- 







Table II-Physical Constants of N-Cyclohexyl-N-substituted 3,4,5-Trimethoxybenzamides C H 3 d  


Com- 
pound R'  


Recrys- 
Yield, Melting talization IR, cm.-*, --Analysis, %- 


Point Solventa Molecular Formula -CON< Calc. Found 


VIII 


IX 


X 


XI 


XI1 


xm 


XIV 


xv 


XVI 


XVII 


60 


40 


50 


50 


55 


45 


50 


80 


75 


85 


105" 


80 ' 


73 O 


75O 


150" 


177" 


52" 


112O 


98 O 


92 O 


A 


B 


B 


B 


B 


C 


A 


D 


A 


A 


1645 


1655 


1645 


1640 


1650 


1630 


1665 


1645 


1645 


1635 


C 71.23 
H 7.76 
N 6.39 
C 66.03 
H 6.98 
N 5.92 
C 66.03 
H 6.98 
N 5.92 
C 69.23 
H 7.69 
N 5.98 
C 69.23 
H 7.69 
N 5.98 
C 64.59 
H 6.83 
N 8.69 
C 69.85 
H 8.10 
N 8.72 
C 65.89 
H 7.51 
N 8.09 
C 68.05 
H 8.65 
N 4.17 
C 67.28 
H 8.41 
N 4.36 


71.50 
7.43 
6.66 
66.45 
6.49 
5.70 
66.21 
6.71 
5.81 
69.30 
7.52 
6.02 
69.48 
7.47 
6.00 
65.01 
7.00 


70.00 
8.52 
8.54 
66.13 
7.89 
8.43 
67.98 
9.00 
4.53 
67.40 
8.79 
4.85 


8.44 


~ ~~ 


a A = petroleum ether (6&80"), B = benzene-petroleum ether (6&80"), C = methanol, and D = cyclohexane. 


convulsant properties, where maximum protection of 60% was ob- 
served with Compound XVIII against pentylenetetrazol-induced 
convulsions. Substitution at position R' of the trimethoxybenz- 
amide nucleus with (CH&N=CHCsH5 or (CH2)3N=CH-o-Cs 
H4Cl was found to bring down the degree of protection to only 10%. 
Compounds X and XI1 were found to  exhibit a higher degree of 
protection than their corresponding ortho-isomers. Almost all 
trimethoxybenzamides produced mortality during 24 hr. Four de- 


rivatives, including Compound XV which possesses a toxic cyano 
group in its molecular structure, were found to exhibit 100% 
mortality. Such anticonvulsant effects, however, were found to  be 
in no way related to  the ability of these trimethoxybenzamides to  
inhibit the oxidation of pyruvic acid. These results are in agree- 
ment with the inhibitory effects of quinazolone allyl ethers and 
allyl phenols (17). It is hoped that further studies may attribute 
suitable pharmacological properties of these trimethoxybenzamides 


Table III-Effect of N-Cyclohexyl-N-substituted 3,4,5-Trimethoxybenzamides on Pyruvic Acid Oxidation 
by Rat Brain Homogenate and Their Anticonvulsant Properties CH,O 


Compound R '  


Anticonvulsant Activitya, -- %---- - 
1 x 10-3 M 2 x 10-3 M Protection Mortality 


-Pyruvic Acid Oxidation Inhibitiona, Z- 24-hr. 


VIII (CHz)3N=CHC$I5 29.00 + 0.97 40.70 f 1.24 10 80 
IX (CH~)~N=CH-O-CGH~CI 24.90 f 1.00 55.60 f 1.11 10 90 
X (CHZ)~N=CH-P-C~H~CI 24.97 f 0.78 54.02 3~ 1.01 20 60 


XI (CH~)~N=CH-O-C~H~OCH~ 53.71 f 1.24 92.41 f 0.79 30 70 
XI1 ( CHZ)~N=CH-~-C&~OCH~ 27.40 i 0.97 39.01 f 1.24 40 100 


XI11 (CHz)aN=CH-m-CsHaNOz 34.61 f 1.04 38.04 f 0.88 30 100 
XIV (CHZ)~N=CH-~-C~H~N(CH~)~ 19.88 f 1.24 35.41 + 0.79 20 40 xv (CHz)zCN 18.93 i 0.78 31.55 I!= 1.00 40 100 
XVI CH(CH3)z 22.54 f 0.78 65.67 I!= 0.89 30 80 


XVII CZHS 23.78 f 0.89 29.62 f 0.89 20 100 
XVIII (CHz)zCOOH 28.94 f 1.02 45.41 f 1.00 60 70 


a Vessel contents and the assay procedure are as described in the text. All values are the mean of four duplicate experiments. The percentage in- 
hibition and the standard errors were calculated for the decrease in the oxygen uptake per hour per 150 mg. of wet weight of tissue. The mean oxygen 
uptake observed was found to be 145.16 PI .  during the oxidation. * The screening procedure is as indicated in the text. Compounds were tested at  the 
dose of 100 mg./kg. 
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to their ability to inhibit the oxidation of other substrates of the 
tricarboxylic acid cycle. 
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Decomposition of Aspirin in Polyethylene Glycols 


H. W. JUN', C. W. WHITWORTH, and L. A. LUZZI 


Abstract 0 Decomposition of aspirin in polyethylene glycols was 
studied at  four temperatures. The decomposition proceeded as a 
pseudo-first-order reaction at  these temperatures. Different molec- 
ular weights of polyethylene glycol did not affect the reaction rate. 
It is shown that decomposition of aspirin in polyethylene glycols is 
due to a transesterification reaction. The effect of temperature on 
decomposition rate was found to be significant, and an Arrhenius 
plot is shown. 


Keyphrases 0 Aspirin-decomposition in polyethylene glycols a t  
various temperatures 0 Polyethylene glycols-effect of tempera- 
ture on aspirin decomposition 0 Decomposition-aspirin in poly- 
ethylene glycols, effect of temperature 


Decomposition of aspirin has been encountered in 
various pharmaceutical dosage forms (1, 2), notably 
in liquid dosage forms. Because of the use of aspirin in 
suppository bases in  which polyethylene glycols may 
be incorporated, the rate of decomposition of aspirin in 
four polyethylene glycols with different molecular 
weights was studied at four temperatures. 


Preliminary studies indicated that a significant 
amount of aspirin was decomposed in polyethylene 
glycol bases in the apparent absence of water. Although 
the rate of degradation of aspirin in polyethylene glycols 
was considerably decreased in the absence of water 
compared to that in the presence of added water, it 


was a significant factor when the shelflife of polyethyl- 
ene glycol-aspirin products was involved. 


This report shows that aspirin degrades in polyethyl- 
ene glycols by transesterification in the absence of 
added water, and that the resultant products of this 
degradation are salicylic acid and acetylated polyethyl- 
ene glycol. 


EXPERIMENTAL 


Materials-Aspirin USPI and polyethylene glycols* 400, 1540, 
4000, and 6000 were used as received. Chloroform3 was spectro- 
scopic grade; all other chemicals were reagent grade. 


Analytical Method-Spectrophotofuorometric analysis4, as 
reported by Miles and Schenk (3),  was employed to measure aspirin 
and salicylic acid. Uncorrected excitation and emission maxima for 
aspirin and salicylic acid were 280 and 350 nm. and 312 and 450 
nm., respectively. Calibration curves were obtained by dissolving 
known amount of aspirin and/or salicylic acid in a 1 acetic acid- 
chloroform solution. 


Procedure-Ten percent aspirin was incorporated in each poly- 
ethylene glycol base at  elevated temperature. Preparations were kept 
in airtight amber containers and stored in a desiccator at  tempera- 


'Merck & Co.. Inc., Rahway, N.  J. 
2 Matheson. Coleman & Bell, Norwood, Ohio. 
3 J .  T. Baker Chemical Co.. Phillipsburg. N .  J. 
4 The instrument used was the Aminco..Bowman spectrophoto- 


fluorometer with 150-w. xenon lamp. 
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RESEARCH A R T I C L E S  


Atraumatic Recording of Gastric Contractions in 
Conscious, Unrestrained Rats 


ROLAND P. ROTH* and MARTIN F. TANSY' 


Abstract 0 An atraumatic balloon technique is presented whereby 
gastric motor function is directly recorded from conscious, un- 
restrained rats continuously for as many as 5 days and intermittently 
for periods up to 2 weeks. Intragastric motility patterns resulting 
from these animals demonstrate good recording stability and are 
remarkably free of artifacts during their physiological and be- 
havioral activities. The tracings during fasting most frequently 
showed periods of relative quiescence with occasional bursts of 
high amplitude contractions. After stimulation with either food or 


water, digestive contractions were obtained. The inherent limitation 
to the usefulness of this technique is anatomical inasmuch as it is 
less applicable for use in very small animals. 


Keyphrases 0 Gastric motility-atraumatic balloon technique, 
conscious, unrestrained rats 0 Digestive and interdigestive con- 
tractions-atraumatic balloon technique, unrestrained rats 
Balloon technique-recording of gastric contractions in conscious, 
unrestrained rats 


The pylorus-ligated rat (1) has been extensively em- valuable for the study of gastric motility. Unfortunately, 
ployed as a means of studying gastric acid secretion. at the present time there is no widely accepted method of 
The consistently repetitive nature of the interdigestive obtaining chronic physical measurements of gastric 
gastric contractions i n  the rat makes this animal equally motor activity in the unanesthetized rat. 


The closest approach to  a viable chronic preparation 
appears to  be the surgical insertion of a fluid-filled bal- 
loon according to  a technique developed by Morrison 
et a/. ( 2 ) .  Despite its claimed advantages, their technique 
suffers from the obvious drawbacks of operative trauma 


Figure 1-Photograph displayiiig gastric motility recordiiig apparatus. 
From lrft to right: iiitragastric ballooii with polyethylene iigation 
tube, fluid swicel as.wmbly, and spring-guide and liariiess. 


Figure 2-A composite photograph atid radiograph of a rat with the 
etitire catheter aiidguide assembly iriplace. 
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Figure 3-Gastric motility patterns. Indicidrral patterns of brrrsr activity offive rats in the fasted state. showing general lack of effecrs that were 
produced by uarioirs spontamous acticities. 


and surgical damage to  the intramural nerve plexus. 
Furthermore, these preparations do not remain viable 
for extended periods of time. This report describes a 
convenient, atraumatic, and relatively sensitive method 
of chronically measuring pressure changes associated 
with gastric motor activities in  the rat. 


EXPERIMENTAL 


Apparatus-An intragastric balloon for rats fashioned from the 
inflatable section of a Foley catheter was described by Epstein (3). 
The round tip of the catheter is glued to the end of the balloon to  
make a smooth blunt surface which will slide down the esophagus in 
accordance with the technique of Hoebel(4). 


Procedure-The balloon proper is attached to polyethylene (PE-10) 
tubing [0.03 cm. (0.01 1 in.) in internal diameter and 0.06 cm. (0.024 
in.) in external diameter] which has been threaded up the rat’s 
nostril and out of the mouth. After being attached, the balloon is 
then eased down the rat’s esophagus by means of a “pusher” aided 
by swallowing, the rat being under very light pentobarbital anesthe- 
sia. When the balloon is in the stomach, the “pusher” is removed. 
Four milliliters of water is then introduced into the balloon, and the 
polyethylene tubing is clamped and attached by the connecting sys- 
tem to the recorder. The balloon volume is left constant for all ex- 
periments. This method eliminates the need for repetitive traumatic 
oral intubation and the rats, once prepared, receive minimal han- 
dling. The rats do not require further sedation or restraint. 


The fluid-filled tube is then passed to the top of the head by tun- 
neling under the skin from the nostril and is led inside of a flexible 
spring-guide to  a fluid-tight swivel. The spring-guide prevents the 
fluid-filled tube from kinking, and it is supported by a harness which 
is worn externally by the rat (Fig. 1). The harness, a commercially 


available item’, was modified by the addition of three wire loops 
encased in polyethylene tubing. The head and forelimbs were thrust 
through their respective loops t o  prevent rotation of the harness  
about the long axis of the animal. The output of the fluid swivel was 
fed to  a polygraph* via a pressure transducer3. Figure 2 shows the 
entire harness and catheter assembly mounted on and within a rat. 


After recovery from the anesthesia, each animal was returned to  
its individual cage and allowed free run of the cage. 


RESULTS AND DISCUSSION 


Thirty male Sprague-Dawley rats, weighing no less than 200 g., 
were prepared with intragastric balloons according to the described 
procedure. Typical measured data for various continuous time 
periods are shown in Figs. 3-5. Short-term gastric motor activity 
patterns revealed both cyclical bouts of activity and random con- 
tractions (Fig. 3). Three general patterns of GI motor activity, as 
described by Jacoby et at. ( 5 ) ,  were observed in this study. Basal 
activity consisted of low amplitude contractions with no prominent 
tonal changes; burst activity interrupting the basal pattern con- 
sisted of grouped high amplitude contractions which were usually 
superimposed on tone increases; and intermediate activity consisted 
of varying amplitude, ungrouped contractions often superimposed 
on low amplitude tone changes. As can be seen in Fig. 3, during the 
interdigestive state the predominant basal activity was interrupted 
by burst activity. No appreciable artifacts were seen during the 
periods when the rat was in the standing position, which includes 
walking in the cage. The recordings were also remarkably free of 


1 The cannular feedthrough swivels (model 1603) and cannular saddle 
(model 1602) were obtained from Lehigh Valley Electronics, Fogels- 
ville, PA 18051 


2 Grass model 7. 
Statham P23AC. 
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Figure 4-Polygram sections showing burst arid basal gastric motility iii the same rat at selected iniervafs during a contitiuous 5-day recording. 
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Figure 5-Polygrani sections showing the conversion of gasiric motor ariiciiy from iiiterdigestioe io inttwnediaie digestiae paiieriis as a result of 
feeditrg three rats. Inierdigestioe motor paiterns were conoeried to basaf types when a high conceniratioti of sulfur droxide gas was admitrisiered 
to tliehfilh animal during ilre period indicated by urrows. 
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artifact during periods of grooming and scratching. Figure 3 also 
shows samples of activity obtained in a rat during continuous re- 
cording over 24 hr. The long-term stability of the recording appears 
t o  be good. 


Burst activity distribution varied among rats (Fig. 3) but was 
reproducible in each rat from day to  day. For example, a rat that 
grouped burst activity in one continuous 10-mi,. episode with ap- 
proximately 70 min. between bursts showed this type of pattern day 
after day in recordings made during the fasted state. Other rats 
spaced four episodes of burst activity, each of about 30-min. dura- 
tion, among basal periods lasting about 10 min., and they did SO 
every day. Figure 4 shows samples of interdigestive activity obtained 
in a rat during continuous recording over 5 days. Again the stability 
of the recordings was good. The recordings were remarkably free 
of excessive respiratory, cardiac. and behavioral artifacts. 


In experiments other than those depicted, intermittent record- 
ings were made for periods as long as 14 days. At theend of this time 
the animals and the measuring systems were in good condition and 
could have been utilized for a longer duration. Continuous ob- 
servations of these experimental animals failed to reveal evidence 
of anorexia, weight loss, or unusual body movements. Autopsy of 
several rats after various intubation periods failed to  show either 
ulceration, which could be interpreted as a reaction to  restraint, or 
other evidence of trauma which might have been produced by the 
intubation procedure. 


Figure 5 shows samples of gastric motor activities obtained in 
four rats during continuous recording over a 6-hr. period. In 
three of the rats, intermediate-type activity was the predominant 
type of gastric motility during the digestive state. This pattern some- 
times occurred in the interdigestive state for a brief period prior to 
a burst. On feeding, burst activity immediately ceased in the stomach 
and then intermediate pattern activity began and persisted in the 
stomach for 1-2 hr. After ingestion of water (Fig. 3), intermediate- 
type activity was not as marked. 


As reported earlier (6), a practical usefulness of this technique is 
revealed by the fact that a temporary reflex inhibition of existing 
gastric contractile activity is seen with atmospheric exposure to a 
high level of sulfur dioxide (Fig. 5 ) .  Weedon (7) reported the oc- 
currence of gastric distension in mice and guinea pigs exposed to  
sulfur dioxide. This observation is noted only to indicate that this 
technique may have potential usefulness for the experimental 
determination of those changes in gastric motility patterns that 
ale produced by the administration of various agents by means of 
aerosol inhalation or uia other routes. 


Earlier investigators (2) obtained results qualitatively similar to 
those obtained in this study; that is, their fasted-state recordings 
consisted of quiescence interrupted by periods of increased motor 
activity at irregular intervals. Our data and that of Morrison 
et at. ( 2 )  agree that the stronger contractions occur during the 
interdigestive state compared to the digestive state. Furthermore, 
the highly individualized gastric contractile patterns would suggest 
that each rat can and should serve as his own control. 


The method described in this study has several advantages over 
those reported in the literature. First, the animals do not have to be 
permanently immobilized by an anesthetic or muscle relaxant which 
may modify or even mask the effect of a drug screening procedure. 
Second, because the stomach is entered through the esophagus, 


there are no stomach wounds to  necrose or cause pain. It was un- 
necessary to interrupt gastric continuity, content flow, or intramural 
nerve or blood supply. Two other factors which are of considerable 
importance in recording gastric systolic and diastolic variations are: 


1. The internal diameter of the Foley catheter is large enough to  
ensure that the response of the measurement system is adequate to 
register intragastric pressure events. 


2. One can record for considerable periods of time without hav- 
ing to worry about the effects of gastric juices and peristaltic action 
on the balloons. 


Finally, the factor of restraint is almost completely eliminated. 
The only restraint involved is in keeping the rat from wandering 
too far from the transducer and pulling on the catheter. In the 
methods reported to  date, chronic balloon recording involves a con- 
siderable degree of restraint. It has been mentioned that the ani- 
mals get used to this kind of technique and that eventually the mo- 
tility patterns observed represent those of the normal animal 
rather than one that is restrained. The fact remains, however, that 
the animals are still highly restrained whether thay get used to  it 
or not. An added point in favor of our technique is that it is an 
easy preparation to  maintain in that the animals are able to  move 
normally and remain healthy with ordinary food and maintenance. 
The one drawback of this technique is that it cannot be readily 
performed in animals smaller than young adult rats because the 
size of the catheter is limiting. Nevertheless, this technique might 
be extended to other species for physiological and pharmaco- 
dynamic studies. 
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Phenylbutazone-Sodium Warfarin Binding Using a 
Fluorescent Probe Technique 


H. W. JUN', L. A. LUZZI, and P. L. HSU 


Abstract a 1-Anilinonaphthalene-8-sulfonate was used to study 
the binding of phenylbutazone and sodium warfarin to  bovine 
serum albumin. The  protein niolecules appeared to have a n  average 
of  three binding sites for these compounds. The binding constant 
for phenylbutazone was found to  be 2.5 times larger than that for 
sodium warfarin. Identical binding sites with a diflerent binding 
altinity between the two drugs indicate a competition for the bind- 
ing sites between phenylbutazone and sodium warfarin in favor of 
phenylbutazone. The  mechanism of binding for these drugs may be 
ol' a hydrophobic nature. 


Keyphrases 0 ~'henylbutazone---warfarin binding-studied using 
tiuorescent probe technique, binding constants, proposed mecha- 
nism Warfarin--phenylbtitazone binding-studied using fluores- 
cent probe technique. binding constants, proposed mechanism 0 
t-luorescent probe technique -used to study phenylhutazone-war- 
farin binding. binding constants, proposed mechanisms 0 Inter- 
actions- -phenylbutazone -warfarin-protein binding constants, pro- 
posed mechanism 


Phenylbutazone has been shown to displace sodium 
warfarin from plasma protein binding sites. Aggeler 
ct nl. (1) used dialysis techniques to  demonstrate that 
sodium warfarin is displaced by phenylbutazone. 
O'Reilly and Levy (2), using in uivo studies, showed that 
the elimination half-life of warfarin is decreased, while 
its anticoagulant activity is increased, by concurrent 
adniinistration of phenylbutazone. Other clinical studies 
(3. 4) also showed a marked increase in prothrombin 
time of sodium warfarin in the presence of phenylbuta- 
7one. 


Fluorescence probe techniques were recently eni- 
ployed for the study of drug-protein binding (5) and for 
elucidation of the competitive binding of substrates and 
enzymes (6). Therefore, the binding of phenylbutazone 
and sodium warfarin to bovine seruni albumin was 
studied by the use of I-anilinonaphthalene-8-sulfonate, 
and the conipetition between the two drugs for the bind- 
ing sites was examined. 


EXPERIMENTAL 


The general approach and  techniques used were essentially the 
same as those employed by Brand e! ( I / .  ( 6 )  in their study of the 
binding of rose bengal and  anilinonaphthalene sulfonates to alcohol 
dehydroyenase. A few minor modifications were made. 


Materials -I-Anilinonaplithalene-S-siillonatel was employed a s  
a fluorescent probe. This compound has minimal fluorescence in 
aqueous solution but fluoresces strongly when bound t o  bovine 
serum albumin. Phenylbutazone2 and  sodium warfarin,: were used 
without further purification. Crystalline bovine serum albumin4 was 
purchased. Methanol5 was spectroscopic grade, and  all other 
chemicals were reagent grade or of special purity. Water used in this 
study was double distilled from glass. 


Apparatus-Fluorometric measurenients were made with a 
spectrophotofluorometera. The relative fluorescence intensities of 
bound probe were obtained directly from fluorometer readings o f  
uncorrected excitation (375 nm.) and  emission (475 nm.) wave- 
lengths. 


Methods-Fluorescence intensities of the protein -probe complex 
a s  a function of probe concentration (1.0-15.0 X M )  were 
measured at  two protein concentrations (0.2 and 2.0 nig. proteinj2 
ml. solution) in p H  7.2 phosphate buffer. T w o  milliliters of each 
protein solution was titrated with successive additions of 2 P I .  of 
1 x lo-? M probe in methanol. Titrations were performed manually 
with Hamilton microsyringes. Experiments were carried out at 28". 


Titrations of the protein solutions with probe were repeated in  the 
presence of 1 X Mconcentrat ion of both phenylhutazone and 
sodium warfarin individually. The drugs were added to the solution 
prior to titration. 


Treatment of I>&- Enhancement of the fluorescence of the probe 
upon addition to bovine serum albumin a t  two concentrations and 
the subsequent decrease of fluorescence in the presence of the bind- 
ing competitors. phenylbutarone and  sodium warfarin, were w e d  
t o  calculate the binding constants for the probe and  competitors. 
The  fraction of probe bound, X .  was calculated using the following 


~~ 


1 Sigma Chemical Co.. St. Louis, Mo. 
2 Lot No. SN 46241, Ciha-Gcigy Pharmaccuticals, Ardsley, Ncw 


3 Lot No. 833-1521. Abbott Laboratories. North Chicago, 111. 
4 Nutritional Biochemicals Carp., Cleveland. .Ohio. 
5 Matheson. Coleman & Bell. Norwood, Ohlo. 
6 Aminco-Bowman. 
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Figure I-Fluorescence emission spectra of the probe-protein 
complex in the presence ( A )  und in the absence ( D )  of bovine serum 
albumin (Z.38 X M) in pH 7.2 phosphate buffer. Curves Band C 
are the emission spertra of the probe-protein complex in the presence 
ofsodium warfarin ( I  X J @ '  M) andphenylbutazone ( I  X 10'' M), 
respectively. 


equation (6): 


where I, and J J  refer to the fluorescence intensities of a given con- 
centration of probe in solutions of lower protein concentration and 
in solutions without protein, respectively; and f b  refers to the 
fluorescence intensity of the same concentration of probe in solu- 
tions of high protein concentration. Therefore, I b  gives the fluores- 
cence intensity of the probe in the presence of excess binding sites. 
After the value Xi s  found for each point along the titration curve, 
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Figure 2 -Fluorescence tirrutiorr curves of boc;ine serum albumin with 
the probe U I  higher ( A )  arid lower(B) proteitr cotrcentrutions. Curves C 
and D are the titration curves of lower protein cotrcentration with the 
probe in [he presetice of sodium warfirin arid plienylbutazone, 
rrApeciicdy. 
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Figure 3-Scatchard plots for the probe atid proteitr comp1r.r (0) and 
in the presence of sodium warfarin (A) arrd~~heriylbutcrzotre (0)  at 28 '. 


the Scatchard equation (7) may be applied to calculate the associ- 
ation constant of the probe: 


VIA = tiK. - VK. (Eq. 2) 


where.7 is the number of moles of bound probe per mole of pro- 
tein, A is the concentration of free probe, n is the number of binding 
sites on the protein molecule, and K ,  is the association constant of 
the probe to the protein. The 7 is determined by multiplying the 
value for X by the ratio of the total probe Concentration to  the total 
protein concentration in solution. When V I A  is plotted against ?, 
a straight line is obtained with a slope equal to - K O .  The ordinate 
and abscissa intercepts of this line give rrK, and 1 1 .  respectively. 


When Scatchard plots were made from the binding data obtained 
for the probe in the presence of the binding site competitors, phenyl- 
butazone and sodium warfarin, straight lines were obtained with 
decreased slopes but with identical abscissa intercepts, indicating 
competition between the probe and the drugs for the same binding 
sites. The decrease in probe binding and the subsequent decrease in 
fluorescence of the probe protein complex at  lower protein concen- 
tration can be used to calculate the binding constant of phenyl- 
butazone and warfarin. Klotz et al. ( 8 )  dei,ived equations describing 
simple competition between two compounds for identical protein 
binding sites: 


- 


where: 


Kb = association constant for competitor 
K ,  = association constant for probe 
A = concentration of free probe 


P A  = concentration of bound probe 
n = number of binding sites 


Po = lower protein concentration 
Bt = total concentration of competitor 
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RESULTS AND DISCUSSION 


Evidence that the probe binds to bovine serum albumin is shown 
by protein-induced fluorescence changes. Figure 1 shows fluores- 
cence emission spectra of the probe in the presence and absence of 
bovine serum albumin. The fluorescence intensity of the probe (2 X 


M )  in pH 7.2 buffer was not significant (curve D); but when 
the protein was added (0.2 mg./2 ml.), the intensity was greatly en- 
hanced (curve A). Curves B and C show the fluorescence emission 
spectra of the probe in the presence of sodium warfarin and phenyl- 
butazone. respectively. A decrease in fluorescence of the probe- 
protein complex in the presence of sodium warfarin or phenylbuta- 
zone is  an indication of the competition between the probe and the 
drugs for the binding sites on the protein (5, 6). A diminution of 
fluorescence could only be related to a reduction in the number of 
available binding sites for the probe in the presence of the drug: 
when no quenching effect or denaturation of binding sites due to the 
drugs was observed. 


Figure 2 shows the fluorescence titration curves of bovine serum 
albumin with the probe. Curve A of Fig. 2 is linear when fluores- 
cence is plotted wrsus increasing probe concentration at  2 mg./2 ml. 
protein solution. This indicates the presence of excess binding sites 
at all probe concentrations examined. Curve B indicates an early 
satuiation of binding sites of the protein brought about by a lower 
protein concentration (0.2 mg./2 ml.). Curves C and D are the titra- 
tion curves for the probe at  the same low protein concentration in 
the presence of sodium warfarin ( I  X 10.' M) and phenylbutazone 
( I  >( lo- '  M ) ,  respectively. A decrease in fluorescertce of the pro- 
tein -probe complex is seen. When the drugs are added to protein 
solution prior to the titration, binding sites are initially occupied by 
drug molecules, with subsequent competition for the binding sites 
between drug and probe molecules following titration with the 
probe. Competition can be quantified through calculation of the 
binding constants for the probe and drugs using the equation de- 
rived by Klotz (8) (see Trea/rneti/ of Data). 


Figure 3 shows Scatchard plots made from the binding data taken 
for I-anilinonaphthalene-8-sulfonate alone and one each for the 
probe with sodium warfarin and with phenylbutazone. The inter- 
cepts on the abscissa are identical for the three compounds, but the 
slope ip  decreased in the presence of both phenylbutazone and so- 
dium warfarin. This indicates a competition between the probe and 
the drugs for the binding sites measured. By using these techniques. 
the binding constants for sodium warfarin and phenylbutazone with 
bovine serum albumin were found to  be 4.9 x 10' and 12.2 X 
IO'lM. respectively. The protein molecules appeared to have three 
binding sites (an average of 2.9) for these compounds under the 
described experimental conditions. 


Observations that can be made from this experiment are that the 
number of binding sites appears to be identical for the three com- 
pounds and that there is a 2.5-fold difference in the binding con- 
stant of phenylbutazone ccmpared to that of sodium warfarin (12.2 
X 10' r ~ r s i i s  4.9 X 10'/M). Considering the identical binding sites 
with a different binding affinity between the two drugs, competition 
for the binding sites between phenylbutazone and warfarin is ex- 
pected to occur in favor of phenylbutazone. Additional evidence for 
displacement of binding sites of warfarin by phenylbutazone is that 


there is no significant additive decreasing effect in fluorescence of 
the bound probe in the presence of the two drdgs. If the two drugs 
bind at  different independent binding sites to which the probe binds, 
an additional decrease in  fluorescence would be observed. This, 
however, may not indicate that phenylbutazone has completely dis- 
placed all warfarin mclecules bound to protein. Information on the 
fraction of displacement by phenylbutazone may be very useful but 
it is not available at this time. This observation is in agreement with 
previous studies ( I ,  2) showing that phenylbutazone competitively 
displaces sodium warfarin from protein binding sites. 


An additional observation is that the mechanism of binding for 
both phenylbutazone and warfarin may be of a hydrophobic nature. 
This observation is made in light of the hydrophobic binding charac- 
teristics of the probe used (9). 


There is one discrepancy between this and previous studies (10, 
1 I ) ,  and it lies in the numerical values reported for the binding con- 
stants. This may be explained on the basis that previous studies 
measured only one protein binding site compared with three in this 
study. In addition, it is possible that the binding sites from this 
study and from previous studies for which the constants are calcu- 
lated may not be identical. 


The information obtained in these laboratories, combined with 
other studies ( 5 ,  6), readily shows that the fluorescence probe tech- 
nique may indeed ptove to be a useful tool in the evaluation of com- 
petitive drug interactions for the binding sites. However, the useful- 
ness of the probe technique may be limited in that the binding 
studies are related only to the number of sites to which the probe 
binds. 
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Canscora decussata (Gentianaceae) Xanthones 111: 
Pharmacological Studies 


S. K. BHATTACHARYA*, S. GHOSAL., R. K.  CHAUDHURI, and A. K .  SANYAL* 


Abstract Pharmacological studies of mangiferin, the major and 
most polar xanthone of Curiscora decussura (Family Gentianaceae), 
and some of the less polar xanthonic constituents of the roots are 
reported. Mangiferin showed definite signs of CNS stimulation. 
Hydrocholeretic effect, cardiostimulant effect, and potentiation of 
subanalgesic doses of morphine are also demonstrated. The less 
polar xanthones, from the petroleum extract of the roots, elicited 
only a weak CNS depressant activity. Selected pharmacological 
screening of the water-soluble xanthones indicated that this frac- 
tion contained the active principle(s) of the plant. 


Keyphrases @ Curiscoru deciissuta (Gentianaceae)- pharmacolog- 
ical study of xanthone constituents @ Xanthones from Curiscoru 
d~cussuru-pharmacological studies Mangiferin -xanthones 
from Cumcoru decussarti. pharniacological activity 0 Medicinal 
plants-Comcoru deciissuru xanthones, pharmacological activity 


Synthetic xanthones carrying basic substituents are 
known to  possess oral schistosomicidal activity in ex- 
perimental animals (1-5). Several investigations have 
also shown: (a) an analeptic effect in the treatment of 
respiratory depression, (b)  a CNS stimulant effect (4), 
and (c) a tuberculostatic effect with synthetic xanthones 
( 3 ,  4, 6). 1,3,8-Trihydroxyxanthone, a degradation 
product of sterigmatocystin, was reported ( 6 )  active at a 
dilution of 1 in  80,000 against Mycobncterium tuber- 
culosis. Sterigmatocystin, occurring in Aspergil/us uersi- 
color, had virtually no tuberculostatic effect. Limited 
pharmacological studies with mangiferin (Cr-p-glucoside 
of 1,3.6,7-tetrahydroxyxanthone), which occurs widely 
among angiosperms (7), was reported (8) to  produce 
increased diuresis in the adrenalectomized rat and a 
cardiotonic effect in isolated frog heart. Except in these 
two instances, data on the pharmacological activity of 
naturally occurring xanthones are lacking in the litera-. 
ture. 


It was, therefore, considered worthwhile to determine 
the pharmacological profile of the polyoxygenated 
xanthones of Canscora decussata (Family Gentianaceae) 
(9-1 I ) .  The plant is used for a variety of purposes in the 
Ayurvedic system of medicine (12). The root extracts 
are used as a laxative, as a diuretic, for liver troubles, 
and for tuberculosis treatment but its most significant 
use is in mental disorders. The aerial portions are used 
in the treatment of insanity, epilepsy, and nervous debil- 
ity. Since polyoxygenated xanthones are the major 
chemical constituents of the plant (over 90% of the 
chemical characters isolated), search for its active prin- 
ciple(s) in these entities seemed warranted. The present 
paper reports pharmacological studies with mangiferin, 
the major and most polar xanthone of the plant, and 
some of the less polar xanthones from the petroleum 
extracts of the roots. Selected pharmacological screen- 
ing of the water-soluble xanthones of C. decussuta is 
also reported. 


EXPERIMEWAI, 


Animals---Albino mice (20-30 g.) and albino rats (150-200 g.) of 
either sex, bred from C.I>.R.I. strains. were used. They were fed] 
and housed for about a week in the laboratory animal house prior 
to any experiment. Healthy mongrel dogs (1G-15 kg.) were pro- 
cured locally and kept in the laboratory animal house for a t  least 3 
days prior to experimentation. 


Drug Preparation and Administration-The solubility of the 
xanthones was incomplete even at a concentration of 1 rng./nil. in 
distilled water. Unless otherwise stated, the test compounds were 
injected intraperitoneally in a vehicle of 27: Na?C03 solution (re- 
sultant pH about 8), 1 ml./kg.. for rats and mice. The same volume 
of 2% Na2COI solution was injected intraperitoneally to the control 
animals. 


Gross Behavior--The test drugs, mangifcrin or the total xanthones 
from the petroleum ether extract of C.  decrrssuru, were administered 
to groups of five mice each in doses of 25, 50, or 100 mg./kg. i.p. 
Gross behavioral changes were recorded at 15, 30, 60! and 120 min. 
after drug administration and were compared with the vehicle con- 
trol group. In another set of experiments, the animals were pre- 
treated with chlorpromazine ( 5  mg./kg. i.p ) 30 min. before adminis- 
tration of 50 mg./kg. of mangiferin. 


Pentobarbital Sleeping Time- - Mangiferin or the total xanthones, 
50 mg./kg., or an equivalent volume of vehicle, was injected 30 min. 
before the administration of 30 mg./kg. i.p. of pentobarbital to 
groups (10 animals each) of albino rats. The duration of sleep was 
assessed as the time between the loss and return of the righting re- 
flex. Results are expressed as percent increase in sleeping time of 
drug-pretreated rats w r s u s  those of the control group. 


Effect on Subnarcotic Dose of Ethanol-Thirty minutes after 
injection of 50mg./kg. i.p. of mangiferin or the total xanthones. or an 
equivalent volume of vehicle, ethanol as a 20:4 solution was injected 
at  a dose of 4 g./kg. i.p. to groups of 10 mice each. This dose of 
ethanol caused a loss of the righting reflex in a maximum of 5 %  of 
the nontreated aniinals (13). The number of mice that lost their 
righting reflex after pretreatment with the test compounds was de- 
termined using an “all or none” criterion. 


Reserpine-Induced Ptosis and Depression- Mangiferin or the 
total xanthones in doses of 25, 50. or 100 mg./kg. i.p., or an equiva- 
lent volume of vchicle, was administered t o  groups of 10 mice each 
30 min. prior to injection of reserpine, 5 mg./kg. i.p. The degree of 
ptosis in the different groups was assessed 150 min. after reserpine 
administration. using a rate scaling in which 4 represents a normal 
palpebral opening and scores of 3, 2, 1, and 0 represent various de- 
grees of response from slight to complete closure of eyelids. The 
PDjo was determined graphically by the method of Litchfield and 
Wilcoxon (14) as the dose at  which 509; of the animals had eyelid 
opening scores of 3 or more. Antagonism tc reserpine-induced seda- 
tion and locomotor activity were observed qualitatively. and no  at- 
tempt was made to quantitate them. 


Amphetamine Group Toxicity- Mangiferln or the total xanthones 
in doses of 25, 50. and 100 mg./kg. were administered to  groups of’ 
10 albino rats each; 30 min. later, 40 mg./kg. i.p. of amphetamine 
was administered to all the animals. The animals were then segre- 
gated in identical wire mesh cages (25 X 25 X 40 cm.). Mortality in 
each group was counted 5 hr. later. The ED:c was determined 
graphically, by the method of Litchfield and Wilcoxon (14). as the 
dose that caused 50% potentiation of mort:tlity as compared to  the 
control group, The experiments were conducted at 22 t 1.0”. 


Perfused Frog Heart- -The effect of graded doses of mangiferin 
or the total xanthones was studied on perfused frog heart. Pro- 


I Anidiet A and B, Chalsea Chemicals. 
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pranolol (20 mcg.) was used as the blocking drug. In the same ex- 
periments, the effect of mangiferin or the total xanthones was noted 
on a heart that was rendered hypodynamic by perfusing with Ringer’s 
solution containing one-fourth of the usual calcium chloride. The 
effect of vehicle was also assessed. Ten experiments were conducted. 


Analgesic Effect-The analgesic effect of mangiferin or the total 
xanthones in doses of 10, 20, or 40 mg./kg. i.p. was assessed by the 
rat tail flick method of Davies et a/. (15) in groups of 10 albino rats 
each. In a separate experiment, 40 mg./kg. i.p. of mangiferin or the 
total xanthones, or an equivalent volume of vehicle, was adminis- 
tered to groups of 10 albino rats each. Thirty minutes later, all of 
the rats were injected with a subanalgesic (2 mg./kg. i.p.) dose of 
morphine hydrochloride ( 1  6). The percent potentiation of analgesia 
induced by the test drugs as compared to the control group was 
determined. 


Anticonvulsant Effect-Mangiferin or the total xanthones in 
doses of 25, 50, or 100 mg./kg. i.p., or an equivalent volume of 
vehicle, was injected into groups of 10 albino rats each. Thirty 
minutes later, all of the animals were tested for anticonvulsant ac- 
tivity by the maximal electroshock techique (17) or by the maximal 
pentylenetetrazol-induced convulsion technique (1 8). 


Diuretic Effect-Diuretic activity of the test compounds was 
assessed by a modified method of Lipschitz et a/. (19). Male albino 
rats (150 =t 10 g. on test day) were hydrated orally with normal 
saline (25 ml./kg.) and starved for 18 hr. Water was allowed ad 
libitum but was removed 1.5 hr. before test time. At test time, in&- 
vidually weighed rats were again hydrated (25 ml./kg.) with normal 
saline and test compounds were incorporated in this water load. 
Groups of five animals for each dose level of the test drugs (man- 
giferin or the total xanthones), with one group serving as the un- 
treated control (saline and vehicle only), were kept in metabolic 
cages. Diuretic response for a 6-hr. test period was calculated in 
terms of percent increase in urine excretions in excess of the control. 
The groups were crossed over after a week’s interval. 


Effect on Blood Pressure, Respiration, and Intestine In Situ of 
Anesthetized Dog-Mongrel dogs, of either SEX, were anesthetized 
with pentobarbital (35 mg./kg. i.p.). Carotid blood pressure, respira- 
tory excursions, and intestinal movements were recorded by routine 
methods. Drugs were injected through the cannulated femoral vein. 
Graded doses of mangiferin or the total xanthones, or an equivalent 
volume of vehicle, was injected intravenously; their effects on blood 
pressure, respiration, and intestinal movements were recorded on a 
smoked kymograph. Five experiments were conducted. 


Effect on Biliary Flow-The effect of the test compounds on biliary 
flow was assessed by the method of Bhattacharya eta/.  (20). Mongrel 
dogs of either sex were anesthetized with pentobarbital (35 mg./kg. 
i.p.). The abdomen was opened by a midline incision, the cystic duct 
was ligated, and the bile duct was cannulated close to its termina- 
tion. The bile secretion was measured at  30-min. intervals; when at 
least two 30-min. bile samples were approximately equal, the test 
compounds (20 mg./kg.) or an  equivalent volume of vehicle were 
injected through the cannulated femoral vein. The bile flow was 
again measured at 30-min. intervals for 240 min. The percentage in- 
crease in bile volume over the preinjection control level was deter- 
mined. Five dogs were used for the test compound. 


Acute Toxicity-Acute toxicity of the test compounds was in- 
vestigated in albino rats after intraperitoneal administration. Four 
animals were tested at  each dose, and four doses (100, 200, 500, and 
1000 mg./kg.) of each drug were tested. The LDso was determined 
by the method of Litchfield and Wilcoxon (14). Surviving animals 
were kept under observation for a further period of a t  least 5 days. 


RESULTS AND DISCUSSION 


The vehicle (2% sodium carbonate solution) did not show any 
pharmacological activity in the volume used. 


Definite signs of CNS stimulation were observed with mangiferin 
in the gross behavioral studies. In doses of 50 and 100 mg./kg., 
mangiferin induced tremors, piloerection, compulsive gnawing, and 
increased motor activity in all of the test animals. The behavioral 
changes reached a peak by 30 min. of drug administration, were 
sustained up to 60 min., and then gradually declined by 120 min. 
All these effects were blocked by chlorpromazine pretreatment. The 
total xanthones from the petroleum extract did not elicit any hyper- 
activity, but the animals showed overt signs of CNS depression (de- 
creased motor activity, sedation, and diminished response to ex- 


ternal stimuli). Both mangiferin and the total xanthones (50 mg./ 
kg.) significantly potentiated ( p  < 0.05) pentobarbital sleeping time. 
Rats pretreated with mangiferin and the total xanthones slept for 
56.2 I 7.8 and 58.7 A 6.7 min. (= tSEM) ,  respectively. as compared 
to 36.2 i 5.3 min. ( A S E M )  sleeping time in the control group. 
However, only mangiferin (50 mg./kg.) significantly ( p  < 0.001) 
potentiated the effect of a subnarcotic dose ofethanol. In this dose, 
60% of the treated mice showed a loss of the righting reflex as 
against none in the untreated control group. The total xanthones 
had no demonstrable effect in this dose. 


Mangiferin exhibited a dose-related inhibition of reserpine-in- 
duced ptosis, sedation, and depression of locomotor activity in the 
doses studied. The PDao against reserpine-induced ptosis was 42.4 
mg./kg. (31.5-49.8 mg./kg. at 95% fiducial limits). The total xan- 
thones did not show any significant activity against these parame- 
ters. Mangiferin also produced a dose-related potentiation of 
amphetamine group toxicity. The ED60 was determined as 76.2 
mg./kg. (56.5-94.0 mg./kg. a t  95% fiducia.1 limits). The total xan- 
thones did not exhibit any significant effect in this parameter. 


The behavioral effects of mangiferin together with its ability to 
potentiate pentobarbital-, ethanol-. anti amphetamine-induced 
pharmacological effects indicate the potential antidepressant nature 
(13) of the compound. 


Both mangiferin and the total xanthones produced a transient 
positive inotropic effect on perfused frog heart in doses of 1-2 mg. 
Since the effect was not blocked by propranolol, it was a direct 
cardiostimulant action. A similar transient positive inotropic effect 
was observed in hypodynamic frog heart. 


Mangiferin or the total xanthones did not elicit any analgesic 
activity of its own in doses up to  40 mg./kg. However, in this dose, 
mangiferin significantly ( p  < 0.001) potentiated the analgesia pro- 
duced by subanalgesic doses of morphine. In the vehicle-pretreated 
control group, the latent period of tail flick induced by a subanal- 
gesic dose of morphine was 11.14 =t 0.25 sec. ( I S E M ) ,  whereas in 
the mangiferin-pretreated (40 mg./kg.) group, the same dose of 
morphine (2  mg./kg.) induced a latent period of 17.170 + 0.31 sec. 
( A S E M ) .  The total xanthones did not produce any significant effect 
in this parameter. 


Mangiferin or the total xanthones did not elicit any anticonvul- 
sant activity against maximal electroshock and pentylenetetrazol- 
induced convulsion in doses up to  100 mg./kg. Likewise, these com- 
pounds had no significant diuretic effect up t o  dose levels of 100 
mg./kg. No significant effects on the dog’s carotid blood pressure, 
respiration, and intestinal movements were observed with mangiferin 
01‘ the total xanthones up to a dose of 20 mg./kg. 


Mangiferin produced a moderate increase in bile flow in doses of 
20 mg./kg. From preinjection control levels, the bile flow started 
increasing after 30 min. of the drug administration (180% increase); 
by 60 min., it reached a peak effect (290% increase). This choleretic 
effect started waning by 90 min. (22073 and had almost passed off 
(56%) by 240 min. The increase of bile secretion at  30, 60, and 90 
min. of drug administration. over the prein,jection basal level, was 
statistically significant (p  < 0.001). The total xanthones from the 
petroleum extract had no effect on bile flow up to  a dose of 50 mg./ 
kg. 


The LDjo of mangiferin in albino rats (based on a total of 16 ani- 
mals) was 365 mg./kg. (303-416 mg./kg. at  95% fiducial limits). 
The total xanthones in a dose range of 500-1000 mg./kg. caused no 
deaths in albino rats for a period extending 5 days after a single 
intraperitoneal injection. 


Of the two test compounds, the pharmacological actions of 
mangiferin appear t o  justify the therapeutic uses of the plant C. 
decussata in some mental disorders (e .g . ,  melancholia). However, 
neither of the two test compounds seems to  be the true active princi- 
ple of the plant. This contention finds support from the fact that an 
aqueous solution (1 m1./25 g. of powdered plant material) of the 
residue, obtained from the alcoholic extract of the plant, on pre- 
liminary investigation was found to  produce marked sedation and 
some degree of ptosis in albino rats. The total extract also elicited 
marked potentiation (1 lOyg,  p < 0,001) of pentobarbital-induced 
hypnosis in doses of 0.3-0.9 m1./100 g. i.p. Consequently, the major 
active principle of this vegetable drug seems to  be present in the 
total alcoholic extract. Further studies are currently underway to  
explore the nature of these active principles of C. decussata. 


The present investigation failed to  substantiate the diuretic effect 
reported with mangiferin (8). Also, the cardiostimulant effect of 
mangiferin on the frog’s perfused heart was only a transient one. 
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The choleretic effect of mangiferin is consistent with the use of the 
plant extracts in liver diseases in the indigenous system of medicine. 
Pharmacological investigation with other chemical constituents 
(e.g., alkaloids and tri- and monoterpenoids) (10) of C. decrrssata 
may reveal the justifiability of its uses in other clinical conditions. 
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Anomalous Isolation of an Active Antitumor 
Alkaloid from a Fraction of Catharanthus lanceus 
Devoid of Anticancer Activity 


N. R. FARNSWORTH 


Abstract 0 The highly active antitumor alkaloid leurosine was 
isolated from the leaf (C)  fraction of Ca/haranthus lanceus. Pre- 
viously, this (C)  fraction had been shown to be devoid of antitumor 
activity against the P-1534 leukemia in DBA/2 mice. At present, 
no good explanation for this phenomenon can be made. 


Keyphrases 0 Catharanthus lanceus-isolation of leurosine from 
a previously inactive fraction, an antitumor alkaloid 0 Leurosine- 
anomalous isolation from a previously inactive fraction of Ca- 
tharanthus larzceus 0 Antitumor alkaloids-isolation of leurosine 
from Catharunthus lanceus 


The isolation of biologically active substances from 
plant materials, when guided by bioassay, is dependent 
on utilizing a reproducible biological test system that 
will detect the activity being sought. The most likely 
explanation for the presence of a biologically active 
substance in a crude extract devoid of the same activity 
is that the active substance is present at a concentration 
below the limit of detection. This paper reports how 
the leaf (C) alkaloid fraction from Catharanthus 
lanceus was subjected to a column chromatographic 
separation in which the highly active antitumor alkaloid 


leurosine was isolated in a yield of 0.28% of the (C) 
fraction. The crude alkaloid fraction previously had 
been shown to be inactive against the P-1534 leukemia 
in DBA/2 mice, a tumor system that is highly susceptible 
to the action of Ieurosine in the pure state. 


EXPERIMENTAL 


Isolation of Alkaloids from (C) Fraction-The method of prepara- 
tion of the alkaloid (C) fraction from the leaves of C. lanceus Boj. 
ex A.DC (Apocynaceae) was previously reported (1). An aliquot of 
this fraction (92 g.) was dissolved in chloroform (1 1.) and filtered 
to remove a small amount of nonalkalciid material. To the filtrate 
was added an equal volume of 27, (w/v) aqueous tartaric acid 
solution, and the mixture was heated on a steam bath in uacuo until 
the chloroform was completely removed. The solution was filtered 
to remove 23.3 g. of insoluble residue, which was discarded. After 
cooling the filtrate, it was extracted three times with equal volumes 
of chloroform. The chloroform extracts were combined, dried over 
anhydrous sodium sulfate, filtered, and evaporated to dryness in 
vacuo to yield 61 g. of Fraction I alkaloids. The resulting aqueous 
phase was rendered alkaline to litmus paper with ammonium 
hydroxide and extracted several times with chloroform until all 
of the alkaloids were removed from the aqueous phase (negative 
Mayer’s test). After combining the chloroform extracts, drying 
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to their ability to inhibit the oxidation of other substrates of the 
tricarboxylic acid cycle. 
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Decomposition of Aspirin in Polyethylene Glycols 


H. W. JUN', C. W. WHITWORTH, and L. A. LUZZI 


Abstract 0 Decomposition of aspirin in polyethylene glycols was 
studied at  four temperatures. The decomposition proceeded as a 
pseudo-first-order reaction at  these temperatures. Different molec- 
ular weights of polyethylene glycol did not affect the reaction rate. 
It is shown that decomposition of aspirin in polyethylene glycols is 
due to a transesterification reaction. The effect of temperature on 
decomposition rate was found to be significant, and an Arrhenius 
plot is shown. 


Keyphrases 0 Aspirin-decomposition in polyethylene glycols a t  
various temperatures 0 Polyethylene glycols-effect of tempera- 
ture on aspirin decomposition 0 Decomposition-aspirin in poly- 
ethylene glycols, effect of temperature 


Decomposition of aspirin has been encountered in 
various pharmaceutical dosage forms (1, 2), notably 
in liquid dosage forms. Because of the use of aspirin in 
suppository bases in  which polyethylene glycols may 
be incorporated, the rate of decomposition of aspirin in 
four polyethylene glycols with different molecular 
weights was studied at four temperatures. 


Preliminary studies indicated that a significant 
amount of aspirin was decomposed in polyethylene 
glycol bases in the apparent absence of water. Although 
the rate of degradation of aspirin in polyethylene glycols 
was considerably decreased in the absence of water 
compared to that in the presence of added water, it 


was a significant factor when the shelflife of polyethyl- 
ene glycol-aspirin products was involved. 


This report shows that aspirin degrades in polyethyl- 
ene glycols by transesterification in the absence of 
added water, and that the resultant products of this 
degradation are salicylic acid and acetylated polyethyl- 
ene glycol. 


EXPERIMENTAL 


Materials-Aspirin USPI and polyethylene glycols* 400, 1540, 
4000, and 6000 were used as received. Chloroform3 was spectro- 
scopic grade; all other chemicals were reagent grade. 


Analytical Method-Spectrophotofuorometric analysis4, as 
reported by Miles and Schenk (3),  was employed to measure aspirin 
and salicylic acid. Uncorrected excitation and emission maxima for 
aspirin and salicylic acid were 280 and 350 nm. and 312 and 450 
nm., respectively. Calibration curves were obtained by dissolving 
known amount of aspirin and/or salicylic acid in a 1 acetic acid- 
chloroform solution. 


Procedure-Ten percent aspirin was incorporated in each poly- 
ethylene glycol base at  elevated temperature. Preparations were kept 
in airtight amber containers and stored in a desiccator at  tempera- 


'Merck & Co.. Inc., Rahway, N.  J. 
2 Matheson. Coleman & Bell, Norwood, Ohio. 
3 J .  T. Baker Chemical Co.. Phillipsburg. N .  J. 
4 The instrument used was the Aminco..Bowman spectrophoto- 


fluorometer with 150-w. xenon lamp. 
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Figure I-Standard curve for  salicylic acid in 1% acetic acid in 
chloroform. 
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Figure 2-Semilogarithmic plots of percentage of aspirin undecom- 
posed in polyethylene glycols against time at four temperatures. 
Key: A,4";B,27";C,45";andD,60".  
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Figure 3-NMR specfra of aspirin (A , )  in polyethylene glycol 400 
and of aspirin peak (A*) arid decompositiou product (B, )  after the 
sample was kept for 2 weeks at 45". 


tures of 4, 27, 45, and 60". At various time intervals, a weighed 
amount (3 9.) of sample was dissolved in 0.2 N HCI solution (10 
ml.) and extracted with anhydrous diethyl ether (150 ml.). Ten 
microliters of ether extract was added to 2 ml. of a 1 acetic acid- 
chloroform mixture. Fluorescence intensity was measured for both 
aspirin and salicylic acid. 


NMR Studies-NMR spectroscopy was used to identify aspirin, 
acetic acid, and esterified polyethylene glycol 400. Samples were 
diluted with equal quantities of deuterated dimethyl sulfoxide, and 
NMR spectra were examined. 


Standard NMR spectra of aspirin and acetic acid in polyethylene 
glycol 400 and acetylated polyethylene glycol 400 were made and 
were compared to scans of mixtures of polyethylene glycol and as- 
pirin at various degradation times. 


Acetylization of Polyethylene Glycol 400-Acetylation was 
carried out by the dropwise addition of acetyl chloride to vigorously 
stirred polyethylene glycol 400 at 45". The reaction mixture was 
vacuum purged for a sufficient time to remove any unreacted 
acetyl chloride and hydrogen chloride. 


RESULTS AND DISCUSSION 


Initial stability studies in these laboratories indicated that aspirin 
degrades in polyethylene glycols in the apparent absence of mois- 
ture. These results led to the current report of the decomposition 
of aspirin in polyethylene glycols. In this report, negative Karl 
Fischer results were taken to mean the absence of moisture in the 
polyethylene glycols used. 


Figure 1 is a standard calibration curve obtained for the fluores- 
cence of salicylic acid in a 1 acetic acid-chloroform mixture. For 
the concentration range shown, the line is linear and passes through 
the origin. It was found that there was no interference of salicylic 
acid fluorescence at the excitation and emission maxima in the 
presence of aspirin and that salicylic acid did not interfere with the 
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Figure 4- N M R  spectra of aspirin (AJ and A,), decomposition pro- 
duct (Bz), acetic acid (0 added to the sample, and acetylated polyeth- 
ylene glycol 400 ( B3). 


emission maxima for aspirin. The technique is simple, sensitive, 
and reproducible and has the added advantage of allowing the 
determination of either salicylic acid or aspirin in the presence of 
the other. 


Figure 2 shows the semilogarithmic plot of percentage of aspirin 
remaining in polyethylene glycols against time at  four tempera- 
tures. The effect of temperature on the rate of decomposition of 
aspirin in polyethylene glycols is also shown. At all temperatures 
the decomposition reaction appeared to follow pseudo-first-order 
kinetics and the reaction was temperature dependent. 


It may also be seen from Fig. 2 that vertical lines are used on 
curves C and D to indicate the range of aspirin remaining in poly- 
ethylene glycol 400, 1540,4000, and 6000 a t  each time interval. The 
range is shown since no distinction or rank order of the effect on 
the degradation of aspirin by the various polyethylene glycols used 
could be found at any of the temperatures studied. 


It was first thought that decomposition of aspirin in polyethylene 
glycols was due to a hydrolysis reaction in the presence of moisture. 
However, the apparent absence of moisture in polyethylene glycols 
led to studies to identify the decomposition products in the sample 
using NMR spectroscopy. 


Figure 3 is an NMR spectrum of a freshly prepared aspirin- 
polyethylene glycol 400 mixture (peak Al) and of the same mixture 
after 2 weeks at  45" (peaks A2 and BI). It may be seen in Fig. 3 
that the methyl protons of aspirin (peak A,) show a peak at  2.6 
p.p.m. Peak Al  of Fig. 3 occurs a t  the identical site of peak A?. 
Peak B: is a new peak and is found a t  2.3 p.p.m. Peak BI is appar- 
ently the result of the degradation of aspirin and/or of some change 
in the polyethylene glycol molecule. 


The elucidation of peak BI in Fig. 3 is found in Fig. 4. Peaks AJ. 
Bz. and C of Fig. 4 were foundfrom a mixture of aged aspirin- 
polyethylene glycol 400 and added acetic acid. Peak C (2.25 p.p.m.) 
is new and different from the peaks BI and Bz, while peaks AJ and 
BZ of Fig. 4 are identical to peaks Az and BI of Fig. 3. The com- 


r-1 x 10: 


Figure 5-Arrhenius plot showing the temperature dependency of 
transesterification at 4,27,45,  and 60". 


parison of Figs. 3 and 4 indicates that peak C is due to the methyl 
protons of acetic acid and that acetic acid is not a product of the 
degradation of aspirin in polyethylene glycol 400. 


Since acetic acid was shown not to be a degradation product of the 
aspirin-polyethylene glycol 400 mixture, the possibility of transes- 
terification (4) between aspirin and polyethylene glycol was ex- 
amined. Salicylic acid has no protons which may be observed in 
this range and should not enter into this analysis. 


Peaks A, and B3 of Fig. 4 are a result of scanning a mixture of 
freshly prepared acetylated polyethylene glycol 400 and aspirin. 
It may be seen that these two peaks occur at  the identical positicns 
of peak At and B1 of Fig. 3. This establish= that one product of the 
decomposition of aspirin in polyethylene glycol 400 is acetylated 
polyethylene glycol 400. 


Figure 5 is an Arrhenius plot showing the temperature dependency 
of the transesterification reaction of aspirin and polyethylene gly- 
cols. From the Arrhenius equation the energy of activation was 
calculated to be 20.1 kcal./mole for this reaction. 


It has been shown that although aspirin may hydrolyze in mois- 
ture-laden polyethylene glycols, it also degrades by entering into a 
transesterification reaction between aspirin and polyethylene glycol 
in the apparent absence of moisture. This conclusion is a result of 
acetic acid not being found among the decomposition products 
and the establishment of acetylated polyethylene glycol as a product 
of decomposition. 
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Use of Cannulated Everted Intestinal Sac for Serial 


4 1  


Sampling as a Drug Absorbability (Permeability) Screen 


STANLEY A. KAPLAN' and STANLEY COTLER 


Abstract 0 The in &ro everted sac technique was evaluated for 
screening the permeability parameter of drug substances associated 
with their in ciuo absorbability. The time of onset of permeability 
across the sac, lag time in minutes, and the cumulative amount of 
drug transferred per unit concentration of drug in mucosal solu- 
tion, clearance in milliliters per minute, were shown to provide an 
indication of the permeability of a drug substance. The everted sac 
permeability screen, when coupled with a dissolution screen, allows 
for the systematic evaluation of the potential absorbability of a 
drug in its initial stages of development. This overall program indi- 
cates the nature of an absorbability problem, either dissolution or 
permeability, and therefore is a guide to  overcoming such prob- 
lems. 


Keyphrases 0 Cannulated everted intestinal sac-absorbability 
screening, drugs in solution Bioavailability-i/i uifro transfer 
across everted intestinal sac correlated with in vico absorbability 0 
Permeability parameters across everted intestinal sac-correlated 
with itz cico absorbability 0 Absorbability, drugs--correlated with 
ifz citro transfer across everted intestinal sac 


The oral administration of a drug is the route of 
choice in most cases. With relatively insoluble drugs, the 
rate of solution is usually the rate-determining step in 
the overall absorption process following oral adminis- 
tration. When considering relatively soluble drugs, 
permeability may become the rate-determining step. 


The extent and rate of absorption depend upon a num- 
ber of physicochemical factors such as solubility, dis- 
solution rate, particle size, stability in aqueous media, 
pKa, partition coefficient, and permeability of the 
drug. Evaluation of these parameters can provide in- 
formation vital to the ultimate development of the com- 
pound for clinical application. 


Emphasis has been placed on screening for dissolu- 
tion properties, but little work has been done in screen- 
ing for permeability characteristics. Obviously this type 
of procedure should be available in the initial stages of 
drug development and used in conjunction with a dis- 
solution test to choose the compound form that shows 
the greatest potential for absorption. Therefore, one 
would be able to determine which parameter associated 
with the absorption process is the rate-limiting step, 
as well as be provided with an indication of how the 
absorbability problem might be overcome. An absorp- 
tion or permeability screen can reduce the time and cost 
of developing a new drug if performed prior to the 
formulation and clinical stages of development. 


The present study concerns the utility of the everted 
intestinal sac technique (1, 2) as a screening procedure 
for the intrinsic absorbability (permeability) of new drug 
substances. Since the drug under study is in solution, the 


A. - 20 GAUGE DISPOSABLE NEEDLE 
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I .  - PLASTIC CAP 


J. - TYGON TUBING 844-3  


K. - STANDARD 5000 A MALE LUER ( POINT OF ATTACHMENT OF SAC) 


L. - TEFLON TUBING UT X027 


M. - PE-160 POLYETHYLENE TUBING 


Figure 1-Diagram of iticrrbating apparatus. 
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Table I-Compounds Used in the Everted Intestinal Sac Study 


Com- 
pound 
Num- 
ber 


1 


2 
3 


4 
5 


6 
7 


8 
9 


10 


11 
12 


13 
14 
15 
16 


Neutral 


3 .4  
9 . 5  


4.8 
10.7 


4.9,5.8 
8 .7  


7.2 
1.5,10.5 


8 .6  


6.2 
4 .9  


4 .9  
5 .6  
6.1 
5 .7  


Chemical or Generic Name 


N’-(6-Methoxy-4-pyrimidinyl)-N’-methyl- 
sulfanilamide 


Diazepam 
5-(3-Indolyl)-2,3-dihydro-lH-l,4-benzodi- 


azepine 
Chlordiazepoxide hydrochloride 
7-Chloro-l,3-dihydro-5-phenyl-2H-l,4- 


benzodiazepin-2-one 4-oxide 
Investigational compound 
8-Chloro-l-( 3-dimethylaminopropy1)-3,5- 


dihydro-4,l -benzodiazepin-2( 1 H)-one 
hydrochloride 


Trimethoprim 
5-(2-Chlorophenyl)-7-nitro-3H-l,4-benzo- 


diazepin-2( 1 H)-one 
N,N‘-(Iminoditrimethylene-di-p-toluene- 


sulfonamide) hydrochloride 
Sulfadimet hoxine 
N4-Ethoxyacetyl-Nt-( 5-methyl-3-isoxa- 


zoly1)sulfanilarnide 
Sulfisoxazole 
Sulfamethoxazole 
Sulphormethoxine 
N’-(4,5-Dimethyl-3-isoxazolyl)sulfanila- 


mide 


permeability of the drug across the intestinal mucosa is 
the absorbability parameter being screened. A method 
for the use of everted isolated intestinal segments for 
in vitro absorption studies was described by Wilson and 
Wiseman (1). In their method the serosal fluid could be 
sampled only at the conclusion of the experimental pro- 
cedure. Crane and Wilson ( 2 )  later devised an everted 
sac system which permitted serial sampling of the fluid 
on the serosal side of the intestine. The system de- 
scribed herein follows the Crane and Wilson design 
with some modifications. 


EXPERIMENTAL 


Design of Incubating Apparatus-The incubating apparatus (Fig. 
1) requires the following materials: Kimax screwtop test tube, size 
G (25 X 150 mm.), with plastic cap; model LL/L female h e r  lok 
with male her1; model 5000 A male her  to hose’; hypodermic 
needle, 20 gauge X 3.81 cm. (1.5 in.); hypodermic needle, 18 gauge 
x 3.81 cm. (1.5 in.); polyethylene 360 and polyethylene 160 tubing*; 
Teflon medical grade tubing, UTX027’; and Tygon tubing B44-3. 
It was assembled as follows. 


A modified 5000 A male luer was passed through the center of a 
plastic test tube cap, and 55 mm. of polyethylene 360 tubing was 
attached to the upper end of the luer. A small piece of Tygon tubing 
was attached to the lower end of the 5000 A h e r  to which a standard 
5000 A male her  was securely attached. 


The everted sac was attached to the lower end of the hose. Two 
18-gauge X 3.81-cm. (1.5411.) hypodermic needles were passed 
through the plastic cap, one on either side of the polyethylene tubing, 
and sufficient polyethylene 160 tubing was attached to one needle so 
that it reached the bottom of the incubating flask (gas inlet). The 
other needle acts as a gas outlet. A Teflon catheter UTX027 was 
then attached to a 20-gauge needle and passed through the interior 
of the polyethylene 360 tubing to permit the serial sampling of the 
serosal fluid. 


Preparation of Everted Sac-Charles River male rats, weighing 
175-250 g., were fasted for 24 hr. with access to drinking water. 
The rats were sacrificed and the small intestine was exposed uia a 


1 Becton Dickinson and Co., Rutherford. N. J.  
2 Clay-Adams Inc., New York, N. Y. 
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Table 11-Cumulative Micrograms of Compound 13 Transferred 
per Unit Concentration of Drug as a Function of Increasing 
Mucosal concentration of Compound 13 


Mucosal Num- 
Concen- ber 
tration, of - Minutes 
mcg./ml. Runs 20 30 40 60 90 


10 3 0.13 0.23 0.32 0.54 0.91 
25 4 0.10 0.18 0.29 0.50 0.88 
50 4 0.13 0.21 0.29 0.45 0.70 ~~ 


100 12 0.18 0.27 0.38 0.61 0.88 
500 10 0.16 0.28 0.41 0.70 1.23 


1000 8 0.18 0.32 0.46 0.74 1.13 
Mean k SE 0 . 1 5 f  0 . 2 5 2 ~  0 . 3 6 i  0.59f 0.941t 


0.02 0.03 0.04 0.06 0.08 


midline incision of the abdomen, removed, and cut at the pyloric 
sphincter and ileocecal junction. The entire small intestine was 
rinsed with normal saline solution (20-30 ml.) and then sleeved onto 
a stainless steel rod and everted. 


Two 10-cm. lengths of intestine from the upper ileum were cut, 
ligated at the distal end, and attached at the proximal end of the hose 
adapter so that the sac was 8 cm. from the tip of the hose to the 
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Figure 2-Cumularioe amount of drug transferredper unit concentra- 
tion ojdrug in the mucosal solution as a function of time. Compounds 
1-16 are identified ill Table I .  







Table 111-Cumulative Micrograms of Drug Transferred per Unit Concentration of Drug in Mucosal Solution 


Number Lag Time 
f SE, Clearance0 f SE, Compound of 7 Minutes 


Number Runs 20 30 40 60 90 min. ml . /min. 


1 6 0.66 1.14 1.58 2.48 3.66 3 f l  0.041 Z!r 0.002 
2 8 0.21 0.45 0.72 1.28 2.18 18 f 1 0.021 f 0.002 
3 4 N.M.* N.M. N.M. 0.04 0.33 > 60 N M  _ . . _  _ .  
4 11 0.23 0.50 0.84 1.46 2.39 i 3  % 2 0.025 =t 0.001 
5 8 0.24 0.41 0.74 1.28 1.88 12 f 1 0.021 f 0.002 
6 7 N.M. 0.02 0.04 0.08 0.13 49 =t 2 0.001 f 0.008 


8 f 1  0.023 f 0.002 1 8 0.28 0.56 0.75 1.20 - 


9 3 0.14 0.29 0.48 n 84 - 13 + 8 5 0.16 0.30 0.47 0.78 1.33 18 f 1 


10 7 N.M. N.M. N. M. 
4 0.21 0.36 


12 3 0.17 0.29 0.43 0.79 12 f 3 0.013 f 0.001 
11 


13  41 0.15 0.25 0.36 0.59 0.94 11 f I 0 010 f 0 0004 
- 


. . . . - - . - - - . ~~ 


i4 4 0.14 0.24 0.33 0.54 0.88 7 * 2  0.009 f 0.002 
15 4 0.18 0.29 0.42 0.67 1.08 6 = t 2  0.011 f 0.001 
16 3 0.15 0.26 0.37 0.57 0.86 3 z t l  0.009 =t O.ooO1 


a Based on the 60-min. data point. * Nonmeasurable. c Measurable in two out of seven runs. 


ligature. A 10-g. weight was attached to the ligated end of the sac 
to maintain it in a vertical position during the experiment. 


The entire apparatus was placed in the incubating flask contain- 
ing the drug dissolved in 35 ml. of Krebs-Ringer bicarbonate buffer 
(3) (defined as mucosal fluid) and incubated at 37” in a Dubnoff 
metabolic shaker (76 excursions/min.) under an atmosphere of 
carbon dioxide-oxygen (5 :95) saturated with water vapor. 


Two milliliters of Krebs-Ringer bicarbonate buffer (defined as 
serosal fluid) was introduced into the sac via the cannula, with the 
fluid level always visible in the polyethylene 360 tubing above the 
plastic cap. At 10-min. intervals, the serosal solution was withdrawn 
by means of a hypodermic syringe attached to the Teflon catheter 
and the sac was rinsed with 1 ml. of fresh buffer. Two milliliters of 
buffer was again introduced into the sac for the next 10-min. incuba- 
tion and the process was repeated. The serosal solution and rinse 


n 
0 
0 
d 1  


L 
0 2 4 6 8 


HOURS 


Figure 3-Blood level curves in a dog following the intravenous (0) 
and oral capsule ( X )  administrations of a 5-mg.lkg. dose of Com- 
pound 3. 


were combined and filtered through a “type HA” Millipore filter. 
Aliquots were then analyzed for drug content. 


Preparation of Drug Solutions-The 16 compounds evaluated in 
the study are listed in Table I. All drug solutions were prepared in 
pH 7.4 Krebs-Ringer bicarbonate buffer. Solutions of Compound 
13 were prepared to contain 10, 25, 50, 100, 500, and lo00 mcg./ml. 
All other solutions were prepared to contain 100 mcg./ml., except 
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Figure &Blood level curves in a dog following the intravenous (0)  
and oral solution (X )  administrations of a 25-mg.lkg. dose of Com- 
pound 6. 
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Figure 5-Blood level curves in a dog .following the intravenous (0) 
and oral ( X )  admitiistrafions of a 5.7-nig.lkg. dose of Compoioid 8. 


for those containing Compound 3 (40 mcg./ml.) and Compound 1 
(21 mcg./ml.). 


Analytical Methods-The sulfonamides, Compounds 1 and 11- 
16, were assayed by the standard Bratton-Marshall procedure (4). 


Compounds 4 and 9 were hydrolyzed with hydrochloric acid and 
then assayed by the standard Bratton-Marshall procedure (5). 
Compound 2 was extracted at pH 9, back-extracted into 2 N HCl, 
and measured spectrophotometrically at 240 nm. (6). Compound 5 
was made alkaline and exposed to UV light for 1 hr. to form a fluoro- 
phore, whose fluorescence was measured with activation at 380 
nm. and emission at 480 nm. (7). Compound 3 was measured spec- 
trophotometrically at 371 nm. (8). Compound 10 was extracted at 
pH 9 and reacted with dinitrofluorobenzene. The derivative was 
then isolated by TLC and determined spectrophotometrically at 
380 nm. (8). Compounds 7 and 8 were analyzed by formation of a 
bromcresol complex and determined spectrophotometrically (8). 
Compound 6 was made alkaline and exposed to light in the pres- 
ence of methylene blue to form a fluorophore, whose fluorescence 
was measured with activation at 335 nm. and emission at 375 nm. 
(8). 


RESULTS AND DISCUSSION 


The cumulative amount of Compound 13 transferred per unit 
concentration of drug at various times as a function of increasing 
mucosal concentrations of Compound 13 is presented in Table 11. 


The values presented at each time are independent of the mucosal 
concentration of drug, suggesting a passive transfer process. The 
constant transfer observed was due to an essentially constant con- 
centration gradient across the intestinal barrier, which was main- 
tained in the in virro system by replacing the serosal fluid at 10-min. 
intervals and by using a large volume of mucosal solution. 


The permeability characteristics of each drug across the everted 
sac preparations were determined by tabulating the cumulative 
amounts of drug transferred with time per unit concentration of 
drug in the mucosal solution (Table 111) and plotting versus time 
on rectilinear paper (Fig. 2). 


The in vitro permeability parameter was determined for each drug 
in terms of: ( a )  its lag time, the extrapolation of the linear segment 
to the abscissa in minutes, and ( b )  its clearance, the cumulative 
amount of drug transferred in 60 min./unit concentration of drug in 
mucosal solution reduced to units of milliliters per minute. 


The transfer data in Table 111 for the 16 compounds studied in- 
dicate that two of the compounds, 3 and 10, exhibited a lag time 
greater than 60 min. and a nonmeasurable clearance. Compound 6 
exhibited a lag time of 49 min. and a clearance of 0.001 ml./min. 
The other compounds exhibited a lag time ranging from 3 to 18 
min. and a clearance ranging from 0.009 to 0.041 ml./min. The 
magnitude of the clearance or in uitro rate of transfer was found to 
relate directly to the degree of undissociation of the compound in 
the pH 7.4 in vitro system. In vivo intravenous and oral studies were 
run in a minimum of two or three fasted unanesthetized dogs with 
each compound. The results presented for single dogs are illustra- 
tive of all the animals studied. The in uiuo data indicate that Com- 
pounds 3, 6, and 10, which exhibited permeability characteristics 
that were not consistent with good absorbability (late lag time and 
nonmeasurable or very low clearance), were in fact poorly absorbed. 


Compound 3 exhibited solubility characteristics consistent with 
good absorption. Following intravenous and oral administration of 


1.0 


t 
t a 


0 4 8 12 16 20 24 
HOURS 


Figure 6-Blood IeL;eI curves in a dog followirrg the infrac.enous (e) 
and oral (0, capside; x, solution) administrations of a 2.3-mg./kg. 
dose of Compoioid 9.  
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a 5-mg./kg. dose to a dog, the blood level data (Fig. 3) indicate that 
the orally administered drug was absorbed in an erratic, slow, and 
incomplete fashion. Compound 6 exhibited both dissolution and 
permeability characteristics consistent with poor absorption. Fol- 
lowing intravenous and oral solution administration of a 25-mg./kg. 
dose to a dog, the blood level data (Fig. 4) indicate negligible oral 
absorption. Compound 10 exhibited solubility characteristics capa- 
ble of providing the drug rapidly for absorption. A 20-mg./kg. dose 
was administered intravenously and orally to a dog. Following the 
oral dose, the drug could be measured only at one point, 4 hr. post- 
administration. The poor absorption of Compound 10 was further 
reflected in the intraperitoneal/oral LDN ratio of 27/1 in the mouse 
(8). 
In contrast with those compounds where absorption was hin- 


dered due to poor permeability, Compound 8 exhibited solubility 
and permeability characteristics consistent with good absorbability 
and resulted in the blood level curves presented in Fig. 5 following 
intravenous and oral administration of a 5.7-mg./kg. dose to a dog 
(9). Compound 9, however, exhibited poor dissolution characteris- 
tics but excellent permeability characteristics. Following intra- 
venous, oral solid, and oral solution administration of a 2.3-mg./kg. 
dose to a dog, the blood levels (Fig. 6) indicated complete absorption 
when the drug was administered orally in solution. 


The results indicate that the everted intestinal sac technique can 
provide useful information concerning the permeability characteris- 
tics of a drug. Based on the in citro and in vioo data obtained with 
compounds exhibiting either poor or good permeability across the 
everted sac, the evidence indicates that poor in nitro permeability 
is associated with poor absorbability of the compound. The findings 
relative to the three compounds, 3, 6, and 10, which were poorly 
permeable and poorly absorbed, suggest a permeability limitation 
in their absorption. However, the in oivo data per se do not allow 
one to pinpoint the precise nature of the limited absorption of the 
drug. For example, GI and/or first-pass metabolism in the liver 
might contribute to the limited availability of these compounds. 
Although some questions remain relative to the role of permeability 
in the limited absorption of these compounds, experience to date 
with the everted sac is sufficiently encouraging to warrant its con- 
tinued use in the absorbability screening of new compounds. 


Aside from its utility as an absorption screen, the everted sac 
technique may prove of value in studying the rate of disappearance 
of a drug from the intestinal lumen, the accumulation of a drug in 
the intestinal wall, absorbability of a drug from different regions of 
the intestinal tract, effects on transfer of other added substances, and 
possible biotransformation of the drug by the intestine. These stud- 
ies should provide future avenues of exploration in obtaining a 
better understanding of the absorption process. 


SUMMARY 


1 .  The cannulated everted intestinal sac adapted for serial 
sampling was studied as a screening technique to determine the 
absorbability (permeability) of new drug substances. 


2. The experimental conditions were described. In this tech- 
nique, a 10-cm. segment of rat ileum is everted, cannulated, and 
suspended in a solution of drug in pH 7.4 Krebs-Ringer bicarbonate 
buffer. The amount of drug passing across the intestinal mucosa is 
then determined as a function of time. 


Graphs of cumulative amount transferred with time were 
evaluated in terms of its lag time (extrapolation of linear segment to 
the abscissa) and clearance, the cumulative amount transferred in 
60 min./unit concentration of drug. A late lag time and a nonmea- 
surable or low clearance determined iti  ciiro were found to be as- 
sociated with permeability-limited absorption problems in uiuo. 


4. The data indicate that the cannulated everted intestinal sac 
is a useful tool in screening the absorbability of new drug sub- 
stances in solution. 


3. 
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GI Absorption of Two Crystal Forms of Sulfameter in Man 


SAID A. KHALIL, M. A. MOUSTAFA, A. R. EBIAN, and M. M. MOTAWI' 


Abstract 0 The GI absorption of two crystal forms of sulfameter 
in man was studied. The more energetic crystal form has an ab- 
sorption rate about 1.4 times as great as that of the water-stable 
form. Results are discussed in relation to the free energy differences 
of the two crystal forms (calculated from dissolution rate studies), 
the viscosity of the medium, and the rate of agitation. The rela- 
tionship of the results of the present in vivo absorption study to 
those of in oirro dissolution rate studies is also discussed. 


Keyphrases 0 Sulfameter polymorphs-GI absorption, man, re- 
lated to dissolution rates 0 Polymorphism, sulfameter-GI ab- 
sorption, man, related to dissolution rates 0 Absorption, GI- 
sulfameter polymorphs, man 0 Bioavailability-sulfameter poly- 
morphs, GI  absorption, man 


The dissolution behavior of different polymorphic 
forms of drugs and its relationship to drug availability 
and absorption were discussed in a number of publica- 
tions (1-3). Results of these studies were generally in 
agreement that the lower the thermodynamic activity of 
a polymorph, the lower is its apparent solubility and, 
consequently, its absorption and vice versa. 


The polymorphism of sulfameter' was recently de- 
scribed by Moustafa et al. (4). Form 11, the more ther- 
modynamically active crystal form, was found to have 
an apparent equilibrium solubility about 1.8 times that 
of the water-stable Form 111 i n  0.1 N HCl at  30". Ex- 
periments at  37" showed a decrease in this ratio to about 
1.6, since higher temperatures were found to  accelerate 
the transformation from Form I1 to Form I11 in aqueous 
suspensions. 


The present study was concerned with the GI absorp- 
tion of Forms I1 and I11 of sulfameter. The purpose was 
to determine if the previously reported differences in 
their in uitro dissolution behavior are reflected in their 
in uiuo absorption in humans. This knowledge allows a 
better understanding of the correlation between differ- 
ences in physicochemical properties of polymorphs and 
their bioavailability. 


EXPERIMENTAL 


Materials-Sulfameter crystal Forms I1 and 111 were prepared as 
previously described (4). The two forms were screened to a particle 
size of 80-90 pm. and identified by IR spectrophotometry imme- 
diately before use. 


Absorption Study-One gram of either crystal form was sus- 
pended in a mixture of 25 ml. each of 20% mucilage of acacia and 
simple syrup. This mixture was immediately administered, after an 
overnight fast, to each of five normal healthy male volunteers 
(age: 28-33 with an average of 30 years; weight: 45-83 with an 
average of 70 kg.). This administration was followed by 50 ml. of 
water used to rinse the containing vessel. No food was permitted 
for 4 hr. after drug administration. Blood samples were taken at 
0, 1.2, 3,4, 6, 8,12,24, 36, and 60 hr. after administration, and the 
total sulfameter content in each sample was determined according 


1 Previously used name: sulfamethoxydiazine. 
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Figure 1- Mean blood concentratioti curves of sulfameter crystal 
Forms II and III. Key: 0, Form I I ;  and 0, Form 111. 


to Bratton and Marshall ( 5 ) .  The same procedure was repeated for 
the other crystal form, with the same volunteers, 1 month later. 


To test the effect of viscosity, Form 111 was administered in a 
third experiment to only two subjects. The same procedure was 
followed, except that 50 ml. of water replaced the suspending 
medium of mucilage of acacia and simple syrup. 


Dissolution Rate Study-An it7 uitro dissolution rate experiment 
for Form I11 at 37" and 50 r.p.m. was carried out, as previously 
described (4), in 0.1 N HCl containing 5 ml. each of 20% mucilage 
of acacia and simple syrup/100 ml. of the dissolution medium. 
This was thought to provide conditions simulating those of the 
in v i m  experiment, assuming stomach contents to be about 500 ml. 


To test the effect of agitation, the in uitro dissolution rates of 
Forms I1 and 111 were determined as before (4) at 30" and 24, 48, 
and 72 r.p.m. 


RESULTS AND DISCUSSION 


Blood concentration data of Forms I1 and 111 of sulfameter are 
shown in Table I. Figure 1 shows the mean blood concentration 
curves of the two forms. Blood samples taken just before drug 
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Figure 2-P/ots of (AT/Vd) versus timefor sulfameter crystal Forms 
II and III, where AT/V~ represents the cumulative amount absorbed 
per apparent volume of distribution. Key:  6, Form II; and 0, Form 
III. 


Vol. 61, No. 10, October I972 0 1615 







Table I-Blood Concentration Data of Sulfameter Forms I1 and 111 


Crystal Concentration of Sulfameter, mcg./ml. 
Subject Form 1 hr. 2 hr. 3 hr. 4 hr. 6 hr. 8 hr. 12hr. 24 hr. 36 hr. 60hr.  


H.S. 11 33 37.5 39.5 42.5 39.7 -a 32.5 27.1 22.5 12.8 
I11 12.5 22 30.5 32 30 31.9 29 20.7 17 9.7 


F.S. 11 25 32 37 42.6 42.1 41.4 37.4 27.3 21.5 10.9 
111 9.5 21.5 29.3 34 29.5 33.1 30 21.8 17 8 .2  


M.Y. I1 14 28.5 36.2 44 43.5 42.7 38.8 28.2 22.4 11.2 
I11 9 22 27 31.5 29 30.6 27.6 20.2 16.2 8.4 


I.A. I1 24.9 39 41 42.3 40.7 38.3 35 27.1 22 11.8 
111 8.5  18 26 30.5 29.5 29.6 27 19.5 15.9 8 . 5  


31.7 25.2 13.8 A R b  I1 
111 


Mean I IC 24.9 34.9 38.5 44.2 43 42.6 37.5 28.3 22.7 12.1 
I I Id  9.9 20.9 28.2 32 29.5 31.3 28.4 20.6 16.6 8.7 


- - - 49.5 48.8 48.1 44 
- - - - 


27.5 37.5 39 - - - 


~1 Blood sample not collected. * Subject A.R. did not take Form 111. c Mean of five subjects. d Mean of four subjects. 


Table 11-Absorption Parameters of Sulfameter Forms I1 and 111 


H.S. 


F.S. 


M.Y. 


LA. 


A.R. 


Mean 


I1 1573 
i205 
1542 
1159 


I1 1604 
I11 1114 


111 1147 


47.7 0.689 1.31 
36.3 0.495 
50.9 0.507 1.33 
40.0 0.371 
51.8 0.507 1.44 
36.6 0.371 
47.9 0.689 1.36 
35.0 0.449 
56.0 0.583 


50.9 0.595 1.36 
37 0.422 


- 
- - 


1.32 1.39 


1.28 1.37 


1.42 1.37 


1.37 1.53 


- - 


1.35 1.42 


~~~~~~~~~~ 


0 Area under the curve. b Maximum or asymptotic value corresponding to A ,  / Vd, where A ,  is the amount of the drug eventually absorbed. c Avail- 
ability rate constant. 


administration proved to be free of sulfameter. The rates of avail- 
ability of the two crystal forms (Figs. 2 and 3) were determined 
following the method of Wagner and Nelson (6-8). Table I1 sum- 
marizes and compares the absorption parameters for Forms I1 
and I11 of sulfameter. The area under the blood concentration 
curve up to 60 hr. was included in Table I1 as an additioaal absorp- 
tion parameter since it is a direct measure of the total amount of 
drug absorbed. 
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Figure 3-Log percent sulfameter unabsorbed versus time. Key: *, Form II; and 0, Form I l l .  


The absorption parameters for Form I1 (Table 11) for individual 
subjects, as well as their means, were approximately 1.4 times as 
great as those of Form 111. This ratio is somewhat lower than that 
(1.6) found in vitro for peaks of dissolution rate curves (apparent 
solubilities) of both forms at 37' (4). 


Quantitative correlations between results of in citro dissolution 
rate and in vivo absorption studies of some drug polymorphs vary 
from reasonable agreement to wide discrepancies. Tawashi (g), 
Poole et al, (lo), and Haleblian et al. (ll), for instance, reported 
agreement of the in vitro and in vivo findings for aspirin, ampicillin, 
and fluprednisolone crystal forms, respectively. Aguiar and Zelmer 
(3) reported lower in uivo differences, between polymorphs of 
mefenamic acid, than those found in vitro. On the other hand, 
Aguiar and Zelmer (3) and Ballard and Nelson (12) reported greater 
in vivo absorption rates for chloramphenicol palmitate and meth- 
ylprednisolone polymorphs, respectively, than the corresponding 
in vitro dissolution characteristics. The discrepancy between in 
vitro and in vivo findings could be attributed to a number of factors. 
The most important of these factors are the differences in thermo- 
dynamic activities of the polymorphs (3), viscosity of dissolution 
media (13, 14) in relation to the actual viscosity at the site of ab- 
sorption, particle size (15, 16) of the various crystal forms, degree 
of agitation (17) in relation to  peristalsis in the GI tract, GI con- 


Table 111-Effect of Viscosity on the Dissolution and 
Absorption Parameters of Sulfameter Form 111 


Apparent 
(AUC')ao hr. ( A ~ / V d ) r n s r ~  KAC Solubility Ratio 


111 with no additives 
111 with additives 


1.41 1.37 1.47 , 38 - 


0 Area under the curve. b Maximum or asymptotic value correspond- 
ing to A , / V d ,  where A ,  is the amount of the drug eventually absorbed. 
c Availability rate constant. 
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Figure 4-Effect of riscosity 011 the absorption and dissolution of 
sulfameter Form 111. Key: 0, blood concentration curve of Form I l l  
with no additires: U, blood concentration curve of Form I l l  with 
additives; *, dissolution curce of Form 111 with no additives; and W, 
dissolution curfie OJ Form 111 with additives. 


tents (IS),  fasting time before in vivo experiments, and other bio- 
logical variables. 


Aguiar and Zelmer (3) suggested that when the free energy dif- 
ferences, AG, between polymorphs were small (e.g., two mefenamic 
acid crystal forms, AG30° = -251 cal./mole), there would be an 
insignificant difference in their absorption. On the other hand, when 
differences in AG were rather high (e.g., two chloramphenicol 
palmitate polymorphs, AG30‘ = -774 cal./mole), a definite in- 
crease in the absorption of the more energetic polymorph (10-fold 
in the case of chloramphenicol palmitate polymorph B) was ob- 
served. The AGaoO for the two crystal forms of sulfameter of the 
present study is -291 cal./mole (4). It is expected, according to 
the findings of Aguiar and Zelmer (3), that perhaps only a slight 
difference in absorption rate would be observed. However, the 
present results show a significant difference in absorption of the 
two crystal forms. 


The results (Fig. 1) show that the highest blood concentration 
of sulfameter reached was lower than that previously reported 
(19, 20). This might be due to differences in viscosity, particle size 
(the previous investigators probably used a micronized material 
while 8&90 pm. was used in the present study), and the presence of 
formulation additives that affect GI absorption. The effect of 
viscosity in retarding drug absorption in animals was discussed 
by Levy and Jusko (1 3) and Malone e f  al. (14). In the present study, 
removal of the viscosity-imparting materials (mucilage of acacia 
and simple syrup) was found to increase the apparent equilibrium 
solubility as well as the calculated absorption parameters of Form 
111 by a factor of 1.4-1.5 (Table 111 and Fig. 4). However, it was 
necessary to use such additives in the absorption study since they 
suppressed the polymorphic transformation of Form I1 to Form 
I11 during the experiment. 


Differences in dissolution rates of drug polymorphs were found 
to decrease at high agitation intensities (17,21, 22). Although slight 
differences in dissolution rates of sulfameter Forms I1 and I11 


were observed when the rate of agitation was varied from 24 to 72 
r.p.rn., no change in their apparent solubilities (peaks of dissolu- 
tion rate curves) was noted. The large surface area available during 
the dissolution of sulfameter crystal forms (80-90 pm.), contrary 
to the limited surface available during dissolution from disks (17, 
21, 22), may account for the relatively minor effects of agitation 
observed in the present study. 


Marketed pharmaceutical preparations of sulfameter were found 
to contain mainly Form 111 (4). The results of the present study 
support the previous recommendation that, provided adequate 
measures are taken to prevent transformation of the metastable 
form, Form I1 is a better choice for use in dosage forms since it is 
the more biologically available crystal form. 
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Systems Approach to Study of Solute Transport across 
Membranes Using Suspension Cultures of Mammalian Cells 11: 
Experimental Procedures and Uptake Studies with Cholesterol 


J. S. TURI', W. I. HIGUCHI, C. SHIPMAN, Jr., and N. F. H. HO 


Abstract 0 Following the guidelines provided by the physical 
models derived earlier, sensitive experimental techniques and pro- 
cedures were developed. Baselines for solute transport studies were 
established from experiments on the uptake of cholesterol-14C by 
Burkitt lymphoma cells in culture suspension at pH 7.3 under iso- 
osmotic conditions. The experimental data were evaluated by the 
model involving the rapid equilibration of the solute in the cell 
interior after permeation through the plasma membrane. The time- 
dependent predictions of this model agreed well with the data. 
Effective permeability and partition coefficients were calculated and 
found to be inversely proportional to the serum level used. These 
results are in agreement with the mechanism by which only the 
unbound cholesterol in the external solution participates in the 
membrane transport process. 


Keyphrases 0 Membrane diffusion-cholesterol in suspension cul- 
tures of mammalian cells, permeability and partition coefficients 0 
Drug transport-cholesterol in suspension cultures of mammalian 
cells, permeability and partition coefficients 0 Cholesterol, mem- 
brane transport-uptake by Burkitt lymphoma cells in suspension, 
baseline procedures 0 Mammalian cells, suspension cultures- 
cholesterol transport, baseline procedures 


A wide variety of experiments have been proposed for 
the purposes of providing insights and establishing the 
chemical and physical-chemical relationships that 
govern drug transport. At one extreme, in vitro studies 
have utilized monolayers, lipid bilayers, interfacial 
films of oil-water emulsion droplets, and gelatin-oil 
coacervates as model biological membranes (1-10). 
These studies are carried out on the basis that principles 
governing the transport of real and complicated systems 
may be elucidated by simple ones. At the other extreme, 
there have been numerous in situ investigations of drug 
transport across the gastric, intestinal, rectal, buccal, 
peritoneal, and cutaneous walls of animals and man 
(1 1-20). Recently, suspension cultures of mammalian 
cells have been utilized for transport studies (21, 22). 
It is believed that such systems can uniquely provide the 
means to  interrelate in vitro, in situ, and in vivo experi- 
ments of drug transport, with physicochemical theories 
and model experiments being developed in our and 
other laboratories. Although a cell culture suspension is 
an in vitro system and, therefore, subject to  certain 
biological artifacts, the use of intact cell lines in some 
state of metabolism and reproduction capability places 
one closer to  biological membranes with the distinct 
advantage of in uitro controls. 


The longrange goals of this research are: (a) to  gain a 
physicochemical and quantitative mechanistic under- 
standing of the factors involved in drug absorption in 
man through the development of meaningful baseline 
experiments and methods employing suspensions and 
rnultilayer systems of mammalian cells; (b)  to  investi- 


gate and, ultimately, to predict the efficiency of trans- 
port across cell membranes of drugs altered by molecu- 
lar modification; ( c )  to understand the role of pharma- 
ceutical delivery systems, including adjuvants, in drug 
absorption; (d )  to  study the effects of cell type, age, 
nutrients, and chemical additives that alter membrane 
permeability and the influences of irradiation, viral 
infection, level of metabolic activity, and other factors 
on the rate of drug absorption by cells. 


In the first paper of this series (23), physical models 
for the diffusional transport of drugs across membranes 
of cells in suspension were introduced. Following the 
quasisteady-state flux of drug across the plasma mem- 
brane, the distribution of the drug in the cell interior 
was postulated to  follow one of three principal models: 


Model A-Nonsteady-state distribution in the hetero- 
geneous cell interior. 


Model B-Rapid (instantaneous) equilibration in the 
heterogeneous cell interior. 


Model C-Rapid (instantaneous) equilibration in the 
aqueous environment, with slow simultaneous permea- 
tion of drug into the cytoplasmic bodies and nucleus. 


These simple models were described in such a manner 
that they provide the basis for the design of experiments 
and interpretation of data for deducing quantitative 
estimates of the phenomenological and geometrical 
parameters significant in drug transport. This approach 
allows one to  explain the important simultaneous inter- 
actions of many variables and to make predictions of 
more complex situations, where empirical methods 
would be qualitative and of questionable value. The 
systematic modification of these initial models, accord- 
ing to  well-established physicochemical concepts with 
the accompanying mathematics, is a continuing effort 
as the experimental results accumulate. 


The present report describes: (a) the development of 
some baseline procedures and techniques for drug trans- 
port experiments, with emphasis on the care required 
with the cell culture suspensions; and (b )  the methods 
of evaluating experimental data quantitatively and 
mechanistically by the physical model approach. 


EXPERIMENTAL 


General Considerations-An established line of Burkitt lymphoma 
cells (PtJ) were cloned according to the method of Hinuma and 
Grace (24), and clone PsJT2 was used for these studies (25-27). 
These cells are easily grown in suspension and are durable with 
respect to  the desired range of in uirro physical and chemical en- 
vironmental conditions of the transport experiments. They are 
geometrically spherical and uniform in size distribution. 


Much effort was directed toward the assessment of the experi- 
mental techniques and the reliability of the baseline experiments. 
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Scheme I-Outline of the sequence of procedures for the drug 
transport experiments 


The following variables were considered important in this regard: 
( a )  maintenance of a constant cell concentration and cell volume 
throughout the experiment, (b) integrity of the cells and their viabil- 
ity during the experiment, and (c )  influences of any changes made in 
the media or the conditions in the experiment. 


Cell Propagation-By employing the basic procedures of Mer- 
chant et al. (28), the cells were grown in suspension at 37 f 0.5" 
in spinner flasks containing sterile growth media: McCoys 5A Modi- 
fied', 12.1 g.; Basal Medium Eagle2, 9.2 g.; fetal bovine serum3, 125 
ml.; sodium bicarbonate, 1.8 g.; and double-distilled water to  make 
1 1. The medium was sterilized by filtration using a 0.22-c( Millipore 
membrane. The mixture was isotonic [approximately 296 millios- 
moles (mosm.)/kg.] and initially at pH 7.4. Sterility was checked 
with thioglycollate broth. Cell viability was measured by means of 
erythrocin B dye exclusion (29). 


The growth curve of the cells under the stated conditions was 
established using the Coulter counter' and is shown in Fig. 1. The 
lag time was followed by the logarithmic growth phase. The tailing 
of the curve at later periods is probably attributable to the effect of 
crowding of the cells and the accumulation of cellular waste prod- 
ucts. At this point, fresh medium was added to sustain the cell 
growth. 


To preserve the Burkitt lymphoma cells, aliquots were sealed in 
ampuls, frozen automatically at a controlled rate, and stored at 
- 196" in liquid nitrogen. 


Preparation of Cells for Drug Uptake Experiments-A schematic 
diagram of the sequence of procedures for the drug uptake ex- 
periments is shown in Scheme I. The maintenance of sterility 
throughout the experiments was essential. Aseptic procedures in- 
cluded the use of sterile equipment, medium, and manipulations in 
a laminar flow hood. 


Starting with 1 1. of cell suspension, 300,000 cells/ml., in a 1 1. 
spinner flask containing the growth medium previously described, 
the cells were allowed to grow and then harvested at the end of the 
growth phase. The cell concentration was about 1.5 million cells/ml. 


1 McCoys 5-A Medium (Modified), Catalog No. H-15, Gibco, Grand 


2 Basal Medium Eagle (Diploid), Catalog No. G-13, Gibco, Grand 
3 KAM Laboratories, Kansas City, KS 66103. Cholesterol content 


Island, N. Y. 
Island, N. Y. 
was 35 mg. Z. 


4 Coulter Electronics, Franklin Park, Ill. 


I 1 I I I I 


HOURS 


Figure 1-Growth curve of the Burkitt lymphoma cells. The environ- 
mental conditions andculture medium used are described in the text. 


10 20 30 40 50 60 


The cells were centrifuged in 150-ml. capped centrifuge tubes at 
450Xg for 5 min. 


The supernatant liquid was decanted and then the cells were re- 
suspended with buffered medium6 (30) and centrifuged. Table I gives 
the formulas for the buffered mediums with varying concentrations 
of fetal bovine serum employed in the study of the effect of serum on 
drug transport. Finally, the cells were resuspended with 100 ml. of 
the fresh buffered medium6 in a 100-ml. water-jacketed flaskfi(Fig. 2) 
so that the cell concentration was about 20 million cells/5 ml. The 
replacement of the bicarbonate buffer in the growth medium by the 
buffer6 was the essential difference between the uptake medium and 
the growth medium. 


Radioactive cholesterol (NEC-018 ~holesterol-4-~~C)7 was added 
to the cell suspension in the following manner. An aliquot of cho- 
lesterol in benzene stock solution was withdrawn. After the benzene 
was evaporated, the cholesterol was solubilized in ethanol (0.2 ml.); 
then 10 ml. of sterile water was added and the solution was intro- 
duced into the cell suspension. 


The cell suspension system in the water-jacketed spinner flask 
(26") was agitated with a constant-stirring motor at 150 r.p.m. The 
system was maintained at pH 7.3 and isotonic with an osmotic 
pressure of 300 mosm./kg. The final concentration of cells and their 
size distribution were determined with the Coulter counter and a 
multichannel pulse height analyzers (Fig. 3). The viability of the 
cells was checked throughout the experiment. 


Since it was desirable to maintain a constant concentration of 
cells and cell volume throughout the experiment, which often took 
several days, the temperature of 26" was chosen to prevent the 
multiplication of cells and yet sustain a level of cellular metabolic 
activity. Alternative methods to accomplish this are cell irradiation 
(31) and the addition of thymidine to the system (32). 


Drug Uptake Experiments-To study the transport kinetics of 
cholesterol across the cell membrane, quantitative assay techniques 
were developed. Exactly 5-ml. samples of the cell suspension were 
taken aseptically at various times, placed into thrombocytocrit 
tubesg, and immediately centrifuged at 5000Xg for 10 min. The 
compacted cellular sediment was found to fill completely the narrow 
graduated stem of the tube, and the supernatant liquid remained in 
the bulb portion. One milliliter of the liquid was withdrawn and 
saved for assay while the rest was discarded with a syringe and 
needle. Next the bulb was washed with normal saline and then twice 
with ethanol to remove any cholesterol adhering to the walls, To 
facilitate the removal of the cell plug, 1 ml. of water was added, and 
with the cap at the tip of the stem removed, the cellular sediment 
was removed by exerting positive pressure at the bulb end of the 
tube with the aid of a syringe. The supernatant liquid and the cells 
were placed into separate scintillation vials. Thus, both the drug 
uptake by the cells and the depletion from the liquid were followed 
simultaneously. 


6 The buffered media contained hydroxyethylpiperazine-"-ethane- 


8 Bellco Glass Inc., Vineland, N l  08360 
7 Cholesterol-4-14C has a specific activity of 59.8 mc./mmole. 
8 Radiation Instrument Development Laboratory Inc., Melrose 


9 Arthur H. Thomas, Philadelphia, Pa. 


sulfonic acid, pKa 7.55 at 20". ApKa/OC = - 0.014. 


Park, Ill. 


VoI. 61, No. 10, October 1972 0 1619 







Table I-Various Buffered Media Used in the Drug Transport Experiments0 


Formulations 7 


0% Fetal Bovine Serum 5 z  Fetal Bovine Serum 15% Fetal Bovine Serum 3 0 z  Fetal Bovine Serum 
~ ~ ~ _ _  r 


Ingredients 


McCoys 5A modified 0.484 g. 
Basal Medium Eagle 0.368 g. 
Bufferb 0.4765 g. 
Fetal bovine serum 0 
NaOH, 0.1 N 9.5 ml. 
Balanced salt 16.5 ml. 


Double-distilled 100.0 ml. 
solution 


water to make 


0.484 g. 
0.368 g. 
0.4765 g. 
5 .0  ml. 
9.5 ml. 


13.5 ml. 


0.484 g. 
0.368 g. 
0.4765 g. 


15.0 ml. 
9.5 ml. 
7.5 ml. 


0.484 g. 
0.368 g. 
0.4765 g. 


30.0 ml. 
9 . 5  ml. 
0 


100.0 ml. 100.0 ml. 100.0 ml. 


~~ ~ ~~ 


All formulations are isotonic at 300 mosm./kg. and at pH 7.3. The balanced salt solution used to adjust the osmotic pressure of the media consists 
of sodium chloride (8.0 g.), potassium chloride (0.4 g.), anhydrous dibasic sodium phosphate (0.1 g.), hydrated dextrose (1.0 g.), and double-distilled 
water to make 500 ml. Just prior to use, 50 units of penicillin G/ml. and 1 mcg. of amphotericin B are added to prevent bacterial and mold growth. 
b See Footnote 5.  


The samples were prepared for assay by digesting in 2 N NaOH 
at 80” fcr 30 min. After cooling to room temperature, a scintillation 
cocktail (2,5-diphenyloxazole, 5 g. ; naphthalene, 100 g. ; glacial 
acetic acid, 130 ml.; and dioxane to make 1000 ml.) was added. 
The samples were assayed using a liquid scintillation spectrometer lo, 


with quench corrections made with a calibration curve. 
Cell Fractionation Procedure-This was done to determine if 


cholesterol-4-~4C was inside the cell or adsorbing to the plasma 
membrane. The results of this experiment showed that a consider- 
able amount of cholesterol was inside the cell. 


The cell fractionation technique, developed by Wray and Stubble- 
field (33), permits the removal of the plasma membrane and cyto- 
plasm from the cells, leaving behind nuclei. 


EVALUATION 


The initial set of experiments was designed to obtain information 
about the cell. The anatomy of the cell was studied with an electron 
microscope (Fig. 4). 


Microscopic examination indicated that the average cell diameter 
was14.8 =t 0.11 5 (standard deviation)p and that the average nuclear 
diameter was approximately 10 p. Figure 3 confirms that the distri- 


1 1 
A B 


Figure 2-Sckematic diagram of: ( A )  the spinner flask, and ( B )  the 
tlirombocytocrit tube usedin the drug transport studies. 


bution of cell sizes, as measured by the Coulter counter with the 
multichannel particle analyzer, was rather narrow. Such determina- 
tions showed that the size distribution remained constant throughout 
the duration of the experiments and when experimental conditions 
were altered. 


An immediate concern in the sampling procedure was the possibil- 
ity of an appreciable amount of drug trapped between the compacted 
cells in the narrow stem of the thrombocytocrit tube after the cen- 
trifugation step. This was studied in two ways. First, as soon as the 
drug and the cell suspension were mixed, a sample of the cells was 
withdrawn close to “zero time,” centrifuged, and assayed. If the per- 
meability of the membrane to cholesterol was small and there was 
no drug trapped in the intercellular spaces or rapidly adsorbed on 
the plasma membrane, then the assay of cholesterol in the cell should 
have been negligible. Table I1 indicates that such entrapment of 
cholesterol was insignificant, not more than 2 . 2 2 z .  


The second method involved the following procedure. The cells 
were first equilibrated in a medium containing radioactive choles- 
terol. Then a sample was removed, and the drug content in the 
sedimented cells was determined as before. The remaining cells were 
removed from the radioactive medium by centrifugation and then 
resuspended in a medium containing no radioactive cholesterol. 
The assay was repeated with these resuspended cells. If there is no 
drug trapped in the cell plug, there should be no difference in the 
assay between the two treatments. The results in Table 111 support 
the finding of the “zero time” study that there was no entrapped 
drug within the experimental error. 


0 40 80 120 160 200 
CHANNEL NUMBER 


Figure 3-Particle-size distribution of the cell suspension. The two 
curves, which are essentially superimposable, represent the size dis- 
tributions at the beginning and at the end of an experiment. 
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Table III-Amount of Cholesterola in the Cellular Sediment 
before and after Resuspension 


Figure H A )  Electron micrograph of a Burkitt lymphoma cell. (B)  
Enlurged portion of the cell illustraring the nuclear membrane with 
pores. Each magnification marker represents I p. 


Another important study was to determine if drug material bal- 
ance was maintained during the entire experiment. As shown in 
Table IV, excellent material balance was accounted for at  all fetal 
bovine serum concentrations. However, when no serum was added 
to the medium, an initial loss of cholesterol was observed. This 
might be attributed t o  adsorption to glass, but this presented no 
major problem t o  the interpretation of the uptake of drug by the 
cells. 


RESULTS A N D  DISCUSSION 


Theoretical Considerations-As will be seen, it was found that the 
kinetics of uptake of cholesterol by viable Burkitt lymphoma cells 
in suspension a t  pH 7.3, 300 mosm./kg., and 26" could best be 
explained by Model B, the simplest of the three models mentioned. 
Since this model, which describes the transport of drug into the 
cell as a plasma membrane process, was discussed in detail pre- 
viously (23), only an outline will be given here. 


Assuming that adsorption is negligible, the quasisteady-state rate 
of uptake by a cell can be described by: 


Table II--"Zero Time'' Uptake of Cholesterol 


Amount of 
Cholesterol in the 
External Media 
(d.p.m./5 ml.). d.p.m. z Amount in the Cellular Sediment 


7.500 1 20 1.60 
19:230 
38,351 
84.800 


~-~ 
336 
8 50 
910 


99; 760 910 


i.75 
2.22 
1.07 
0.912 


d.p.m. = disintegrations per minute. 


Amount of Cholesterol in the Cellular 
r Sediment (d.p.m./lOE Cells)-. 


Radioactive Media Nonradioactive Media 


1047 
1340 
2589 


1050 
1288 
2314 


a Cholesterol-4-14C used was 98% pure determined by GC using a 
2 Z  SE-30 column with Chromosorb G support. 


where P is the intrinsic permeability coefficient, Ci is the drug con- 
centration in the cell, a is the cell radius, C. is the drug concentra- 
tion in the external medium, K is the intrinsic partition coefficient, 
and Vi is the volume of the cell. 


With Vi = 4/3raa, Eq. 1 becomes: 


dci -= - 3p(c .  - Ci/X) 
dt a 


Mass balance of the drug requires that: 


T = CoVo + nCiVi 


where T is the total amount of drug in the system, n is the number 
of cells, and V, is the volume of the external system. This mass 
balance equation is only applicable to a system with a uniform or 
narrow cell size distribution, as with the Burkitt cells; otherwise, the 
cell size distribution should be considered. 


By solving Eq. 3 for C,, substituting into Eq. 2, and integrating, 
the solution is": 


0%. 3 )  


For initial rates, Eq. 4 becomes: 


Thus, the permeability coefficient, P, can be determined by the 
initial slope of the Ci Germs time plot or from the plot of Eq. 4 when 
K is known. The partition coefficient, K, can be experimentally ob- 
tained from the equilibrium conditions, i .e.,  when (dCi/dr)t= = 0; 
thus: 


The permeability coefficient may also be determined by nonlinear 


Table IV-Account of Mass Balance throughout 
the Uptake Experiments 


Total Concentration 
in Fluid and Cellular 


Minutes Serum, Sediment, d.p.m./ml. 
Fetal Bovine 


7 
360 


4240 
16 


960 
2760 
90 


1759 
4695 


7 
360 


4240 


0 1.92 x 1 0 4  
1 .71 x 104 


5 1.72 x 1 0 4  
1 .72 x 1 0 4  


1 .72 X 10' 


1.68 X 10' 
15 1.08 X lo6 


1 . 0 6  x 10' 
1.05 X lo6 


30 2.00 x 104 
2.04 x 1 0 4  
2.03 x 104 


11 Equation 4 in this text considers the uptake of solute by the cell 
and is a corollary to Eq. 33 of model 2 in Reference 23. which considers 
the depletion of solute from the external solution. 
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Figure 5-Uptake of ~ho les t e ro ld -~~C by cells in media containing 
different fetal bovine serum concentrations. Key: 0, no fetal bovine 
serum; a, 5 %  fetal bocine serum; E, 15% fetal bovine serum: and 
A, 36Xfetal bovine serum. 


regression analysis'* of the exponential form of Eq. 4 provided K is 
known and the model is the proper one. 


In the event that there is binding of drug molecules to  the serum 
used in the external medium, Eqs. 1-4 should be modified in the 
following manner. The total concentration of drug in the aqueous 
medium is: 


C0.T = co + Cob (Eq. 7) 


where C,.T is the total drug concentration in the external phase, and 
C, and C,* are the concentrations of unbound and bound drug in 
the external phase, respectively. By assuming that there is linear ad- 
sorption, i.e.: 


Cog = k.C. (Eq. 8) 


Eq. 7 becomes: 


C0.T = (1 + kdC, (Eq. 9) 


where k. is the linear adsorption constant of the serum-bound drug. 
After substituting Eq. 9 into Eq. 2, one obtains the following ex- 


pression: 


where the effective permeability coefficient, P., and the effective 
partition coefficient are defined by: 


After using the mass balance expression: 


T = C,.T~,, -k divi (Eq. 13)  
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Figure 6-First-order plots of the cholesterol-4-1'C uptake data from 
the experiments at the four fetal bocine serum levels. Key: 0, no 
fetal borine serum; @, 5 %  fetal bovine serum; G ,  15% fetal bocine 
serum; and A, 30x fetal bocine serum. U. F. is the mathematical drug 
uptake function described in the text. 


12 C. M. Metzler. in "A Users Manual for Nonlin." The Upjohn Co.. 
Kalamazoo, Mich.. 1969. 
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Figure 7-Nonlinear regression analysis for a ~liolesterol-4-~~C up- 
take experiment at 15% fetal bocine serum. The points represent the 
experimental values and the curve represents the best theoreticalfit. 


the solution to  Eq. 10 is: 


The mathematical form of Eq. 14 is the same as Eq. 4 except that 
effective parameters are involved instead of intrinsic parameters 
due to serum binding. 


Uptake of Cholesterol by Burkitt Cells a t  Various Serum Con- 
centrations-Figure 5 shows the uptake data of cholesterol with 
four fetal bovine serum concentrations a t  a constant cholesterol 
concentration. As can be seen, it was found that when the serum 
concentration was increased, the uptake rate decreased. 


The effective partition coeficient, K., of cholesterol at each serum 
level was calculated from the equilibrium portion of the curves by 
means of Eq. 6. By utilizing these values and Eq. 14, the uptake 
concentration function cersus time curves ( F i g .  6) show excellent 
agreement with Model B. The uptake function (U.F.) is defined as: 


where the factor 60 is necessary for determining the effective per- 
meability coefficient, P., in units of centimeters per second from the 
slope of the linear regression line. For example, the P .  for the 1 5 %  
fetal bovine serum situation is 1.27 X lo-' cm.jsec. 


Furthermore, the P. for each of the serum level cases was calcu- 
lated by nonlinear regression analysis of the data according to the 
exponential form of Eq. 14. Figure 7 illustrates the nonlinear regres- 
sion fit for the uptake of cholesterol with time a t  15% serum. The 
coefficient of determination was found to be 0.999 for a P.  value 
of 1.16 X lo-' cm./sec., with a standard deviation of 3.26 X 10-0 
cm./sec. The fact, that the coefficients of determination and P. 
values obtained with nonlinear regression were in good agreement 
with those found by linear regression demonstrates simultaneously 


0.8 h 


0 5 15 30 
SERUM, % 


Figure 8-Normalized plots of the effective permeability coeficient 
and the effective partition coefficierit as a jioirtion of ihe  firal bovine 
serum concentration. Key: 0, PJP; ando ,  KJK.  
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Figure 9-Cholesterol uptake with four different chole~tero l -4-~~C 
Iecels and 15% fetol bocine serum. Key: 0, 145,000 d.p.m.15 ml.; e, 
106,000 d.p.m.15 i d . ;  E 86,000 d.p.m./5 ml.; and A ,  40,000 d.p.m./5 
ml. 


the accuracy of the experimental technique and the good fit of the 
model. 


It is observed in Fig. 6 (and later in Fig. 10) that the scatter of the 
data about the linear regression lines increased as the transport of 
the drug proceeded closer to equilibrium. This is largely because 
of the nature of the uptake concentration function; a small devia- 
tion in the assay of cholesterol in the cells leads to a more pro- 
nounced deviation in these plots near equilibrium. At equilibrium 
the function equals zero and is, therefore, undefined. In the non- 
linear plots (Fig. 7). the deviations were relatively small as expected. 


Table V summarizes the values of the phenomenological constants 
obtained from the uptake of cholesterol at  different serum concen- 
trations. As one can observe, the small values of P. justify the 
initial assumption in the model that the drug absorption is contrclled 
by the plasma membrane. For example, the aqueous diffusion layer 
about a small sphere, like the Burkitt cell, is in the order of the 
radius. With the aqueous diffusion coefficient being 5510 X 10V 
cm.2/sec., the permeability coefficient of the diffusion layer about 
the cell is about 0.1-0.01 cm./sec. Thus, the Po values determined 
from the experimental data are about 10,000 times smaller than 
would be expected if  the rate was aqueous diffusion controlled. 


I t  was observed that the peicent of viable cells decreases with time 
(approximately Wy; viable cells after 24 hr.) as indicated by the 
dye exclusion technique. However, studies using nonviable cells, 
; . P . ,  cells heat inactivated at 50" for 30 min., gave similar perme- 
ability coetticients. 


Since the data obtained in this work showed a decreased rate of 
uptake as bovine serum was increased, the relationship of the effec- 
tive permeability coefficient with serum binding may be established 
in the following manner. Ccnsider the reaction of cholesterol + 
serum 2 cholesterol - serum: 


where kb is the equilibrium cholesterol -serum binding constant, ( S )  
is the serum fraction. and C ,  and C,* are the free and bound drug 
in the external medium, respectively. Using Eqs. 7 and 15, one may 
write: 


(Eq. 16) 


I t  is postulated that only the free drug is participating in the transfer 
across the membrane. The P. is then proportional to the concentra- 


C o . ~  = Co[l + kds)l 


6o t 
I r 
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Figure 10--First-order plot of the uptake data for the four different 
coticetitrations of ~holes tero l -4-~~C at 15 fetal bovine serum. Key: 
0, 145,000 d.p.m.15 ml.: e, 106,000 d.p.m.15 ml.; U, 86,000 d.p.m.15 
t d . :  mid A ,  40,000 d.p.m./5 ml. 


Table V-Permeability Coefficients Calculated from the 
First-Order Plots and the Partition Coefficients at  Equilibrium 


Fetal Bovine Partition Permeability 
Serum, Coefficient Coefficient, cm./sec. 


0 
5 


15 
30 


230 
155 
60 
34 


~ ~~ 


4.17 x 10-7 
2.66 X 
1.27 X 
8 . 7  X l e a  


tion of free drug. Thus: 


and, using Eq. 16: 


However, when there is no serum in the external medium, the effec- 
tive permeability coefficient is equal to the intrinsic permeability co- 
efficient, P. It follows that Eq. 18 may be rewritten accordingly: 


Equation 19 is an important cne, for it  allows one to calculate the 
intrinsic permeability of the membrane from effective permeability 
coefficients in the presence of bovine serum, which is an important 
ingredient in the suspension medium to maintain the integrity of 
the cells for long periods of time. In turn, the intrinsic permeability 
coefficients can be used to relate quantitatively molecular structure 
and functional group substituent modifications on membrane ab- 
sorptivity. Although a permeability coefficient at  0% serum (Table 
V) was obtained, the authors are aware that this value may not 
exactly be the intrinsic permeability coefficient of cholesterol for the 
Burkitt cell, unless there is no adsorption or reaction with the other 
nonserum ingredients in the medium. 


In a similar manner, it can be shown that the effective partition 
coefficient is related to serum binding and the intrinsic partition 
coefficient, K ,  by the expression: 


Figure 8 shows normalized plots of the effective permeability 
and partition coefficients as a function of fetal bovine serum con- 
centrations. The curves are practically superimposable within the 
experimental error. This supports the theory that unbound drug is 
permeating through the membrane and demonstrates the consis- 
tency of the data. 


The data presented in Figs. 5 and 6 and the above analysis support 
the mechanism in which cholesterol binding occurred with serum 
components and only free cholesterol permeated the plasma mem- 
brane. Rothblat et al. (21) showed that a concentrated suspension of 
L5178Y tissue culture cells took up free cholesterol by a nonenzy- 
matic process which was temperature and concentration dependent. 
They found that cholesterol uptake increased with increasing horse 
serum concentration. Later, they (22) postulated that serum protein 
enhanced cholesterol transport, that phospholipids decreased its 
transport, and that uptake of free cholesterol by tissue culture cells is 
a physical adsorptive process. The results with the Burkitt cell 
system in the present study showed that increasing the fetal bovine 
serum concentrations decreased the cholesterol transport rates. 


Robertson (34) showed that exogenous, labeled free cholesterol 
was incorporated into lipid vacuoles within cultured human arterial 
cells, suggesting that cholesterol is absorbed by the cells. These 
results are in good agreement with our cell fractionation results. 
which showed that about one-fourth to one-third of the total radio- 
activity of the drug resided in the nuclear fraction. Robertson (34- 
36) demonstrated with arterial cells in culture that the cell surface 
charge is important in sterol incorporation. 


It is noteworthy that the uptake of cholesterol by the cells is ade- 
quately explained by Model B, which essentially describes the cell 
interior as a homogeneous phase like an oil droplet. Considering 
the electron micrograph of the cell in Fig. 4, one would initially 
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treat the interior of the cell as a heterogeneous phase so that the 
rate-determining factors include not only the permeability of the 
plasma membrane but also the membrane permeability of the nu- 
cleus and each kind of cytoplasmic body, weighted by their concen- 
tration. Thus, the experimental data imply that the overall perme- 
ability of the interior cellular bodies is effectively greater than that 
of the plasma membrane. The volume of the nucleus and cytoplas- 
mic bodes is at least 40% of the total cell volume. Uptake studies 
are in progress with nuclei obtained from cell fraction techniques to 
estimate the permeability of the nuclear membrane. 


Uptake Rate as a Function of Cholesterol Concentratiom-Figure 9 
shows the uptake rate of cholesterol at various concentrations at 
15% fetal bovine serum. The rate increases with concentration. 
However, the first-order plot of the data in Fig. 10 shows that the 
P. (1.27 X 10-7  cm./sec.) and the K, (60) are independent of con- 
centration. 


CONCLUSION 


Experimental techniques to handle cells and to follow quantita- 
tively and reproducibly drug transport across membranes of viable 
mammalian cells in suspension were developed. Initial interpreta- 
tive studies on the uptake of chdesterol by Burkitt lymphoma cells 
should provide the basis for future studies on cholesterol and de- 
rivatives and more complex situations. 
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The choleretic effect of mangiferin is consistent with the use of the 
plant extracts in liver diseases in the indigenous system of medicine. 
Pharmacological investigation with other chemical constituents 
(e.g., alkaloids and tri- and monoterpenoids) (10) of C. decrrssata 
may reveal the justifiability of its uses in other clinical conditions. 
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Anomalous Isolation of an Active Antitumor 
Alkaloid from a Fraction of Catharanthus lanceus 
Devoid of Anticancer Activity 


N. R. FARNSWORTH 


Abstract 0 The highly active antitumor alkaloid leurosine was 
isolated from the leaf (C)  fraction of Ca/haranthus lanceus. Pre- 
viously, this (C)  fraction had been shown to be devoid of antitumor 
activity against the P-1534 leukemia in DBA/2 mice. At present, 
no good explanation for this phenomenon can be made. 


Keyphrases 0 Catharanthus lanceus-isolation of leurosine from 
a previously inactive fraction, an antitumor alkaloid 0 Leurosine- 
anomalous isolation from a previously inactive fraction of Ca- 
tharanthus larzceus 0 Antitumor alkaloids-isolation of leurosine 
from Catharunthus lanceus 


The isolation of biologically active substances from 
plant materials, when guided by bioassay, is dependent 
on utilizing a reproducible biological test system that 
will detect the activity being sought. The most likely 
explanation for the presence of a biologically active 
substance in a crude extract devoid of the same activity 
is that the active substance is present at a concentration 
below the limit of detection. This paper reports how 
the leaf (C) alkaloid fraction from Catharanthus 
lanceus was subjected to a column chromatographic 
separation in which the highly active antitumor alkaloid 


leurosine was isolated in a yield of 0.28% of the (C) 
fraction. The crude alkaloid fraction previously had 
been shown to be inactive against the P-1534 leukemia 
in DBA/2 mice, a tumor system that is highly susceptible 
to the action of Ieurosine in the pure state. 


EXPERIMENTAL 


Isolation of Alkaloids from (C) Fraction-The method of prepara- 
tion of the alkaloid (C) fraction from the leaves of C. lanceus Boj. 
ex A.DC (Apocynaceae) was previously reported (1). An aliquot of 
this fraction (92 g.) was dissolved in chloroform (1 1.) and filtered 
to remove a small amount of nonalkalciid material. To the filtrate 
was added an equal volume of 27, (w/v) aqueous tartaric acid 
solution, and the mixture was heated on a steam bath in uacuo until 
the chloroform was completely removed. The solution was filtered 
to remove 23.3 g. of insoluble residue, which was discarded. After 
cooling the filtrate, it was extracted three times with equal volumes 
of chloroform. The chloroform extracts were combined, dried over 
anhydrous sodium sulfate, filtered, and evaporated to dryness in 
vacuo to yield 61 g. of Fraction I alkaloids. The resulting aqueous 
phase was rendered alkaline to litmus paper with ammonium 
hydroxide and extracted several times with chloroform until all 
of the alkaloids were removed from the aqueous phase (negative 
Mayer’s test). After combining the chloroform extracts, drying 
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over anhydrous sodium sulfate, filtering, and removing the chloro- 
form in uacuo, a residue of 7.3 g. was obtained (Fraction 11). 


Fraction I(61 g.) was dissolved in benzene and added to the top 
of a chromatographic column filled with a benzene slurry of neutral 
alumina'. Elution was continued with benzene, and 500-ml. frac- 
tions were collected. Fractions 6-12 from the column were com- 
bined and taken to dryness (7.4 g.), and the residue was subjected 
to a gradient pH separation as previously described (2). The initial 
benzene extraction at pH 2.7 yielded 3.33 g. of alkaloid residue, 
which was chromatographed over a column of neutral alumina as 
previously described. Benzene was used as the eluent, and 200-ml. 
fractions were collected. Fractions 28-29 were combined, taken to 
dryness, and treated with hot methanol. On standing, crystals 
formed, which were dried in uucuo for 24 hr. Subsequently, these 
crystals were found to be identical in all respects with yohimbine, 
which was previously reported from this plant (1). Fractions 12-27 
from the column were combined, taken to dryness it? uacuo, and 
yielded 1.95 g. of alkaloid residue. This residue was rechromato- 
graphed over a column of neutral alumina as previously described. 
Benzene elution yielded a homogeneous material. Crystallization 
from ethanol yielded crystals that were identical in all respects with 
leurosine, which was previously isolated from the leaf alkaloid (A) 
fraction of this plant (1). A total of 0.255 g. of leurosine (base) was 
obtained. 


Antitumor Testing-Extracts and alkaloids were assayed for 
activity against the P-1534 leukemia in DBA/2 mice according to 
protocols of the National Cancer Institute (3). The leaf crude al- 
kaloid (C) fraction was inactive at doses ranging from 6.35 to 50.0 
mg./kg. i.p., whereas leurosine was highly active against the same 
neoplasm at doses ranging from 0.375 to 3.0 rng./kg. i.p. (4). 


1 Woelm, activity grade 111. 


DISCUSSON 


The anomalous isolation of an active antitumor alkaloid from 
a crude alkaloid fraction of C.  lanceus prompted the thorough 
investigation of all alkaloid fractions from this plant, whether they 
are active or inactive against the P-1534 leukemia. The only specula- 
tion that can be offered at this time for this phenomenon is that the 
alkaloid (C) fraction contains, in addition to  leurosine, a material 
that displays a delayed toxicity. Animals receiving the extract may 
be adversely affected only at about the time that the leukemic 
control group of animals die, i.e., about 12-15 days from the time 
of infection. If this is indeed the reason, it might be profitable to 
subfractionate each crude alkaloid fraction and have each of these 
evaluated if the original fraction gives a negative antitumor test. 
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Cycloheptaamylose-Barbiturate Inclusion Complexes: 
Solubility and Circular Dichroism Studies 


A. L. THAKKAR', P. B. KUEHN*, J. H. PERRINt, and W. L. WILHAM 


Abstract 0 The interaction of cycloheptaamylose with some bar- 
biturates was examined by solubility analysis and by circular 
dichroism. Complexation by inclusion of the barbiturate within the 
cavity of cycloheptaamylose leads to: (a )  an enhancement in the 
aqueous solubility of the barbiturate, and (b )  extrinsic Cotton ef- 
fects in the circular dichroism spectra. Measurements from both 
methods yield formation constants for the 1 : 1 interactions. The 
relative strength of interaction with cycloheptaamylose is of the fol- 
lowing order: phenobarbital > pentobarbital > amobarbital > 
barbital. 


Keyphrases 0 Cycloheptaamylose-barbiturate inclusion complexes 
-solubility and circular dichroism studies 0 Barbiturate-cyclo- 
heptaamylose inclusion complexes-solubility and circular di- 
chroisrn studies 0 Circular dichroism-analysis of cyclohepta- 
amylose-barbiturate inclusion complexes 0 Interactions-cyclo- 
heptaarnylose with phenobarbital, pentobarbital, amobarbital, and 
barbital 0 Complexes, inclusion-cycloheptaamylose-barbiturate, 
solubility and circular dichroism studies 


Cycloaniyloses (cyclodextrins) are known to  form 
inclusion complexes with drug molecules of a variety 
of structure types (1-5). The complexation of some 


barbituric acid derivatives with cycloheptaamylose was 
the subject of a preliminary report from this laboratory 
(6) .  Cycloheptaamylose was shown to complex with 
barbiturates by solubility and proton magnetic reso- 
nance techniques; the corresponding formation con- 
stants were obtained from solubility data. In the present 
report, details of the solubility measurements are given. 


This paper is also concerned with an examination of 
the complexes by circular dichroism (CD), a technique 
that has been suggested (7-9) but not extensively applied 
before to cyclodextrin complexes. Inclusion of the 
barbiturate within the cavity of cycloheptaamylose re- 
sults in extrinsic optical activity. The induced Cotton 
effects can be quantitatively treated to yield formation 
constants. 


EXPERIMENTAL 


Materials-Recrystallized amobarbital, m.p. 156-1 58 ", recrystal- 
lized barbital, m.p. 190-192", recrystallized pentobarbital, m.p. 129- 
130", and phenobarbital USP were used as received. Cyclohepta- 
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Effect of Nonionic Surfactant on Bactericidal 
Activity of Cetylpyridinium Chloride 


J. W. BRADSHAW*, C. T. RHODES., and G. RICHARDSON 


Abstract 0 The interaction of cetylpyridinium chloride with a 
nonionic surfactant was examined by equilibrium dialysis; and by 
using the simple aqueous phase saturation model, the effect of the 
surfactant upon the biological activity of the bactericide was pre- 
dicted. Determination of the degree of reduction of bactericidal 
activity showed good agreement with the predicted result over a 
concentration range of 1&100 p.p.m. of bactericide. Below a con- 
centration of I0 p.p.m., a discrepancy between the predicted and 
experimental results was possible. 


Key phrases Cetylpyridinium chloride-effect of polysorbate 80 
on bactericidal activity against Escherichia coli 0 Polysorbate 8&- 
effect on bactericidal activity of cetylpyridinium chloride against 
Escherichia coli 0 Formulation, pharmaceuticals-polysorbate 
8Ckcetylpyridinium chloride interaction, effect on bactericidal 
activity 


The protection of pharmaceutical products from 
contamination by microorganisms is a subject of con- 
siderable importance. It is quite possible that new regu- 
lations of control agencies will cause a rapid increase in 
studies of bactericidal action in medicinal preparations. 
The complexity of a pharmaceutical preparation can 
cause problems for the formulator trying to provide 
protection for his products from fungal and bacterial 
attack. In particular, interaction with pharmaceutical 
adjuvants, such as surfactants, can have a profound 
effect upon the activity of bactericides. 


Following the classic work of Hampil (I), others 
have shown that the presence of a surfactant can have 
varied effects upon bactericidal activity (2). Bean and 
Berry (3) studied the bactericidal activity of clorophene 
(benzylchlorophenol) in surfactant solutions. Their re- 
sults indicated that the biological activity of a bactericide 
was dependent upon the concentration of micellar drug. 


Later, Allawala and Riegelman (4) proposed that the 
total quantity of drug in a surfactant system could be 
termed the “capacity” while the concentration of non- 
micellar drug was denoted as the “activity.” It was sug- 
gested that the bactericidal activity of a drug in such a 
system would be directly related to the activity. Hum- 
phreys et al. ( 5 )  compared the physicochemical esti- 
mates of binding of benzoic acid with microbiological 
data. Their results indicated that in the systems they 
excmined the simple theory equating antimicrobial 
activity with nonbound bactericide concentration was a 
somewhat inadequate oversimplification. However, 
their results also showed that formulations based upon 
the simple theory had a more than satisfactory degree of 
protection. 


The present article reports studies on the effect of 
micellar binding upon antimicrobial activity. Poly- 
sorbate SO1 was selected as the surfactant, and cetyl- 


pyridinium chloride was selected as the antimicrobial 
agent; both substances are in widespread use. 


EXPERIMENTAL 


Materials-Cetylpyridinium chloride2 and polysorbate 803 were 
used. The dialysis cell used was as previously described (6). 


Micellar Binding-The interaction of various concentrations of 
cetylpyridinium chloride with 0.1 z surfactant was examined by 
equilibrium dialysis using the method previously described (6). 
The molar absorptivity of the cetylpyridinium chloride at 259 nm. 
was found to be 4.02 X lo3; the Beer-Lambert law was obeyed. 


Bactericidal Activity-The bactericidal activity of cetylpyridinium 
chloride in water and in surfactant solutions against Escherichia 
coli type I (CN 4407) was assessed by determining the percent sur- 
vival of cells after exposure in such mixtures for 2 hr. at 30”. Viable 
counts were performed before and after exposure by diluting with 
water to give about 100 colonies per roll tube when plated. Five roll 
tubes were set up from each mixture, and each experiment was re- 
peated several times. On each occasion the bactericidal activity was 
determinedof anaqueouscetylpyridiniumchloride solution andof the 
same concentration of cetylpyridinium chloride in 0.1 surfactant 
solution. Additionally the bactericidal activity of a 0.001 z aqueous 
cetylpyridinium chloride solution was determined on every OC- 
casion to  check the reproducibility of sensitivity of the test suspen- 
sion. Over 10 months, some 150 points were determined, from which 
Fig. 1 was constructed. Inspection of the data initially suggested 
that the curves were discontinuous; the figures were drawn by a 
computer programmed on this basis to produce, by least-squares 


100 


, I 


5 10 50 100 
TOTAL CONCENTRATION 


C E T Y L P Y R I D I N I U M  CHLORIDE, p.p.m. 


Figure I-Bactericidal activity of cetylpyridinium chloride in water 
and in a solution ofpolysorbate 80. Key: lower curve, aqueous system; 
upper curve, system containing surfactant; and dotted curve, pre- 
dicted activity in surfactant system. 


Tween 80. 
* Koch Light Laboratories Ltd., Colnbrook, England. 
Honeywill-Atlas, Carshalton, England. 
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Table I-Potentiation Effect of Surfactant upon Cetylpyridinium 
Chloride (All Systems Contained 0.001 
Cetylpyridinium Chloride) 


Concentration of Surfactant, 
% WIV 


Percent Survival of E. coli 
at 2 hr. at  30” 


0.1 .~ 


0.01 
0.001 
O.OOO1 
o.oooo1 
0 


68.4 
19.0 
8 . 8  
2 .5  
2 .5  
9 . 6  


regression analysis, the four straight lines shown in Fig. 1. Reaction 
mixtures contained initially about 104 viable cells cm.-J. Controls 
were performed to establish the stability of the suspension during 
the experimental period and also that the degree of dilution in the 
viable count was sufficient t o  inactivate any cetylpyridinium chlo- 
ride “carryover” into the roll tubes. 


RESLKTS AND DISCUSSION 


The results of the dialysis study showed that the interaction be- 
tween cetylpyridinium chloride and 0.1 % polysorbate was gov- 
erned by a form of the partition law; a similar finding was made in 
an investigation of the interaction of benzoic acid and a series of 
n-alkyl polyoxyethylene surfactants (6). From the dialysis results, 
it was possible to estimate the concentrations of free and micellar- 
hound drug in the surfactant systems. It was thus possible, using 
the simple aqueous phase saturation theory, t o  predict the bac- 
tericidal activity of such systems relative to purely aqueous ones. 


The results of the viable count studies of the bactericidal activity 
of cetylpyridinium chloride in aqueous systems and those contain- 
ing 0.1 :< polysorbate 80 are shown in Fig. 1. The log plot of sur- 
vival uersus concentration is expected to be linear (7), and the 
finding that both curves showed distinct inflection at about 1Op.p.m. 
free cetylpyridinium chloride (i.e., 10 p.p.m. total cetylpyridinium 
chloride for the system without surfactant and approximately 
27 p.p.m. total cetylpyridinium chloride for the surfactant system) 
was unexpected. This was not attributable to experimental design 
because all points were collected in a random manner. So far, no 
explanation of this finding is forthcoming, although molecular 
aggregation of the bactericide is a possible reason. Nevertheless, 
the experiment itself is internally consistent since both test and 
control systems behaved in a similar manner with respect to this 
finding; therefore, valid comparisons can be made between expected 
and actual activities for both parties of the graph. 


The dotted line in Fig. 1 indicates the bactericidal activity pre- 
dicted from the simple aqueous phase saturation theory in sur- 
factant systems. It is apparent that in concentrations above 10 
p.p.m. free cetylpyridinium chloride, there is, within experimental 
error, excellent agreement between the physicochemical estimate of 
binding (by equilibrium dialysis, 73 %) and the biological estimate 
(potency ratio estimate from Fig. 1, 70%). 


Below a 10 p.p.m. free cetylpyridinium chloride concentration, 
the situation is less clear. There is some difficulty in deciding which 
points should be used in the regression analysis of low mortality 
data since ultimately the curves must show convergence a t  very low 
concentrations to a common intercept of 100% survival. 


The lines as drawn from the lower concentrations are nonparallel, 
so a single biological estimate of binding cannot be made. Between 
a 6- and 10-p.p.m. free cetylpyridinium chloride concentration, the 


best biological estimate of binding is 6 3 z ;  this is probably not 
significantly different from the physicochemical estimate of 73 %. 
However, any tendency for departure from expectation is in the 
direction of greater, rather than less, activity. Such a trend is not 
surprising because the effect of the surfactant is twofold. On the one 
hand, micellar binding results in inactivation of bactericide; on the 
other, some potentiation of activity, possibly through surface 
effects, occurs (8). When this latter point was examined, we found 
that a fourfold increase in activity of bactericide (i.e., reduction in 
percentage survival from 9.6 to 2.5) is caused by a very low sur- 
factant concentration of O.oooO1 (Table 1). This effect is not ob- 
served if cells pretreated with surfactant are washed before ex- 
posure to the bactericide. It is possible that this potentiating effect 
is due to the surfactant temporarily modifying the permeability of 
the bacterial membrane. I t  seems likely that this potentiating effect 
would be more readily observed in systems of low bactericidal ac- 
tivity. This is not inconsistent with therestilts at low concentrations. 
Unfortunately, even with the high degree of replication involved 
and the use of a variable response experimental design, biological 
variation imposes limits on the useful comparisons that can be 
made between actual and predicted activity. 


If a formulation containing surfactant was prepared on the basis 
of the simple aqueous phase saturation thcory, it appears from our 
results that the degree of protection conferred would always be a t  
least adequate. The systems containing surfactant were never less 
active than predicted. 


Clearly, the effects of surfactants upon bactericidal activity are 
complex. In view of the increasing emphasis being placed upon mi- 
crobiological aspects of standards for pharmaceutical formulation, 
this field merits further attention from pharmaceutical scientists. 
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Substituted Carbamides: Interrelationship between Anticonvulsant 
Activity and Inhibition of Nicotinamide Adenine 
Dinucleotide-Dependent Pyruvic Acid Oxidation 


SURENDRA S. PARMAR', C. DWIVEDI, and BASHEER ALI 


Abstract 1-Substituted acetyl-3-aryl carbamides were synthesized 
and evaluated for their ability to inhibit in uitro respiratory activity 
of mouse and rat brain homogenates. The anticonvulsant activity 
of these carbamides was determined against pentylenetetrazol- 
induced seizures to study their structure-activity relationships. 


Keyphrases 0 Carbamides, 1-substituted acetyl-3-aryl-synthesis, 
in uitro (mouse and rat brain homogenates) inhibition of 
respiratory activity, in ziiuo anticonvulsant activity 0 Inhibition 
of pyruvic acid oxidation in absence/presence of nicotinamide 
adenine dinucleotide-1-substituted acetyl-3-aryl carbamides, 
correlated to anticonvulsant activity 0 Anticonvulsant activity- 
I-substituted acetyl-3-aryl carbamides, correlated to inhibition of 
nicotinamide adenine dinucleotide-dependent pyruvic acid oxidation 


The ability of aryloxy alkyl carbamides to exhibit a 
profound effect on CNS activity (1) and the ability 
of I-carbamoylpyrrolidines and 1 -carbamoylpiperidines 
to possess muscle relaxant and anticonvulsant proper- 
ties (2) prompted the synthesis of carbamides having 
pyrrolidine, piperidine, and morpholine substituents. 
Inhibitory effects of these carbamides have reflected 
inhibition of nicotinamide adenine dinucleotide-de- 
pendent oxidation of pyruvic acid. In the present study, 
attempts were made to correlate anticonvulsant proper- 
ties exhibited by these carbamides with their enzyme in- 


JKCNO 


( Ib)  


(IX-XVI) 


Scheme 1 


hibitory properties. The various substituted carbamides 
were synthesized following the steps shown in Scheme I. 


1 -Substituted acetyl-3-aryl carbamides (I-XXIV) were 
synthesized by the reaction of I-chloroacetyl-3-aryl 
carbamides (16) with appropriate secondary amines. 
1 -Chloroacetyl-3-aryl carbamides (16) were prepared 
by the action of chloracetyl chloride on aryl carbamides 
(14. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen were performed. 
Melting points were taken in open capillary tubes and were cor- 
rected. 


Aryl Carbamides (1a)-These carbamides were synthesized 
according to a known procedure (3) by treating a solution of potas- 
sium cyanate with substituted anilines. 


1-Chloroacetyl-3-aryl Carbamides (1b)-A mixture of 0.1 mole 
of aryl carbamides (Iu) and 0.11 mole of chloracetyl chloride in 
dry benzene was refluxed for 2-4 hr. (4, 5). On cooling, the solid 
mass which separated out was filtered, washed with water, dried, 
and recrystallized from suitable solvents. 


1-Substituted Acetyl-3-aryl Carbamides ( I -XXIVtA mixture of 
1-chloroacetyl-3-aryl carbamide (Ib) (0.01 mole) and an appropriate 
secondary amine (0.02 mole) in 25 ml. of dry benzene was re- 
fluxed for 4-5 hr. The reaction mixture was cooled and filtered. 
The filtrate was concentrated under reduced pressure. The solid 
which separated out on cooling was collected by filtration, washed 
several times with water, dried, and recrystallized from ethanol. 
These carbamides were characterized by their melting points and 
elemental analyses (Tables 1-111). 


BIOCHEMICAL STUDIES' 


Assay of Respiratory Activity of Mice and Rat Brain Homogenates 
-Respiratory activity was determined by measuring oxygen con- 
sumption by the conventional Warburg manometric method at 37", 
with air as the gas phase. Fresh brain homogenate of healthy mice 
and albino rats, equivalent to 125 mg. wet weight of brain, was 
used in each flask. Homogenates were prepared in ice-cold 0.25 M 
sucrose. The reaction mixture in a final volume of 3.0 ml. consisted 
of 20 mM NazHPOl buffer solution of pH 7.4, 6.7 mM MgS04, 
1 mM adenosine monophosphate (sodium salt), 33 mM KCI, and 
500 mcg. cytochrome c. The central well contained 0.2 ml. of 2 0 z  
KOH solution. The final concentrations of nicotinamide adenine 
dinucleotide, sodium pyruvate, and carbamides used were 0.5, 
10, and 2 mM, respectively. 


Determination of Anticonvulsant Activity-Anticonvulsant activ- 
ity was determined in mice of either sex weighing 25-30 g. The 
mice were divided in groups of 10, keeping the group weights as 
equal as possible. Carbamides (100 mg./kg.) were injected intra- 
peritoneally in a 5% aqueous suspension of acacia to one group 
of 10 animals. Pentylenetetrazol (80 mg./kg.) was injected sub- 
cutaneously 4 hr. after the administration of carbamides. This dose 
of pentylenetetrazol has been found to cause convulsions in almost 
all normal mice. The occurrence of seizures was observed for the 


1 Commercial chemicals were used in the present study. Adenosine 
monophosphate, cytochrome c, and nicotinamide adenine dinucleotide 
were obtained from Sigma Chemical Co., St. Louis, Mo.; sodium 
pyruvate was obtained from E. Merck, Darmstadt, West Germany; 
and other common chemicals were purchased from British Drug 
House, Bombay, India. 
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Table I-1-( N-Acetylpyrrolidino)-3-aryl Carbamides 


Compound Melting Yield, -- Analysis, %--- 
Number Ri R: R3 Point z Formula Calc. Found 


I H 


I1 CHI 


I11 H 


i V  H 


V H 


Vl OCH 3 


v1 I H 


VIII c1 


H 


H 


CH 3 


H 


CH 3 


H 


H 


H 


loo" 


167" 


58" 


135" 


96" 


128" 


104" 


180" 


60 


52 


62 


65 


60 


55 


62 


52 


C 63.15 
H 6.88 
N 17.00 
C 64.37 
H 7.27 
N 16.09 
C 64.37 
H 7.27 
N 16.09 
C 64.37 
H 7.27 
N 16.09 
C 65.45 
H 7.63 
N 15.27 
C 60.65 
H 6.85 
N 15.16 
C 60.65 
H 6.85 
N 15.i6 
C 55.41 
H 5.68 
N 14.92 


63.28 
6.62 


16.83 
64.18 
7.42 . .- 


15.83 
64.65 
6.98 


15.74 
64.42 
7.18 


16.12 
65.27 
7.82 


15.05 
60.20 
6.62 


14.86 
60.72 
6.73 


14.96 
55.68 
5.54 


15.06 


next 60 min. An episode of clonic spasm that persisted for at least 
5 sec. was considered a threshold convulsion. Transient intermittent 
jerks of tremulousness were not taken into account. Animals not 
exhibiting even threshold convulsions during a 60 min. were con- 
sidered protected. The number of animals protected in each group 
was recorded, and the anticonvulsant activity of these carbamides 
was represented as percent protection. The mortality of these 
animals was recorded after 24 hr. to obtain an idea of the ability 
of these carbamides to protect against pentylenetetrazol-induced 
death. 


RESULTS AND DISCUSSION 
As is evident from Tables IV and V, all carbamides were 


found to inhibit h uirro nicotinamide adenine dinucleotide-depen- 


Table II-l-(N-Acetylpiperidino)-3-aryl Carbamides 


dent oxidation of pyruvic acid, using mice and rat brain homo- 
genates as the source of the enzyme systems. The oxygen uptake in 
the absence of carbamides was found to be greater with mouse brain 
as compared with that of rat brain homogenate. Addition of nico- 
tinamide adenine dinucleotide in both these cases was found to in- 
crease the respiratory activity of these homogenates during oxida- 
tion of pyruvic acid. Addition of nicotinamide adenine dinucleotide 
caused significant decreases in the degree of inhibition of nicotin- 
amide adenine dinucleotide-dependent oxidation of pyruvic acid, as 
has been reported earlier with quinazolones (6, 7), paminoketones 
(8), and thiazolidones (9). These studies provided further evidence 
that inhibition of nicotinamide adenine dinucleotide-dependent 
oxidations could presumably account for the interference of these 
carbamides somewhere in the electron transport chain during 


R .  R ,  1 -  I 


~ ~ ~~~ ~~ ~ 


Compound Melting Yield, I- Analysis, %--- 
Number RI Rz R3 Point z Formula Calc. Found 


1x 


X 


XI 


XI1 


XlII 


XIV 


xv 


XVI 


H 


H 


CH 3 


H 


CH 3 


H 


H 


H 


88" 


80 


54 a 


102" 


112" 


114" 


90 ' 


85 


64 


60 


68 


70 


70 


62 


69 


58 


C 69.37 
H 7.27 
N 16.09 
C 65.45 
H 7.63 
N 15.27 
C 65.45 
H 7.63 
N 15.27 
C 65.45 
H 7.63 
N 15.27 
C 66.43 
H 7.95 
N 14.53 
C 61.82 
H 7.21 
N 14.43 
C 61.85 
H 7.21 
N 14.43 
C 56.85 
H 6.09 
N 14.21 


69.02 
7.42 


15.92 
65.28 
7.82 


14.96 
65.68 
7.48 


15.02 
65.37 
7.82 


14.98 
66.28 
8.21 


14.38 
62.16 
6.98 


14.24 
61.63 
7.46 


14.35 
57.13 
5.87 


13.98 


Vol. 61, No. 9 ,  September 1972 0 1367 







Table III-1-(N-Acetylmorpholino)-3-aryl Carbamides 


Compound Melting Yield, -Analysis, %- 
Number Ri R2 R3 Point % Formula Calc. Found 


XVII H H H 134" 62 CiaHi~Ns03 C 59.31 59.17 
H 6.46 6.38 
N 15.96 16.25 


XVIII CHI H H 126" 55 C14HigN303 C 60.65 61.02 
H 6.85 6.63 
N 15.16 14.92 


60.43 C 60.65 
H 6.85 6.72 
N 15.16 15.28 


xx H H CH 3 127" 68 Ci4Hi9N303 C 60.45 60.30 
H 6.85 7.15 
N 15.16 14.98 


XXI H CH 3 CH3 128" 66 Ci5HziN303 C 61.85 62.02 
H 7.21 7.08 
N 14.43 14.26 


XXII OCH3 H H 175" 58 Ci4Hid'J104 c 57.33 57.62 
H 6.48 6.26 
N 14.33 14.13 


XXIII H H OCHi 114" 66 CiiHigN304 c 57.33 57.18 
H 6.48 6.56 
N 14.33 14.25 


XXIV c1 H H 130" 55 CizHi~ClNaOa C 52.43 52.27 
H 5.37 5.46 
N 14.11 13.95 


XIX H CH3 H 70" 65 Ci4HiJ%03 


utilization of nicotinamide adenine dinucleotide as a cofactor in 
these enzyme systems. 


Methyl substitution at various positions of the phenyl nucleus 
attached to the 3-position of these pyrrolidino, piperidino, and 
morpholino carbamides was found to play a definite role in in- 
fluencing their ability to inhibit nicotinamide adenine dinucleotide- 
dependent oxidations of pyruvic acid. In all these carbamides, 


Table IV-Inhibition of Pyruvic Acid Oxidation by 1-Substituted 
Acetyl-3-aryl Carbamides Using Mice Brain Homogenaten 


the presence of a methyl substituent at the 3'-position of the phenyl 
moiety (111, XI, and XIX) was found to exhibit maximum inhibition 
while such a methyl substituent at the 2'-position (11, X, and XVIII) 
or 4'-position (IV, XII, and XX) decreased the degree of enzyme 
inhibition; the relative importance of the 3'-position of the phenyl 
moiety was reflected by an increase in the degree of inhibition of 
respiratory activity by the introduction of a methyl substituent 


Table V-Inhibition of Pyruvic Acid Oxidation by 1-Substituted 
Acetyl-3-aryl Carbamides Using Rat Brain Homogenate' 


~ 


-Inhibition, %----- 
Absence of Presence of 


Nicotinamide Nicotinamide 


Number Dinucleotide Dinucleotide 
Compound Adenine Adenine Compound 


Number 


--- Inhibition, - 
Absence of Presence of 


Nicotinamide Nicotinamide 
Adenine Adenine 


Dinucleotide Dinucleotide 


I 
I1 


111 
I V  
V 


VI  
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
XIV 
xv 


XVI 
XVII 


XVIlI 
XIX xx 
XXI 


XXII 
XXIII 
XXIV 


50.83 
26.64 
58.77 
36.78 
61.77 
35.29 
41.07 
72.98 
77.38 
70.49 
81.33 
41.84 
72.32 
14.27 
29.39 
75.53 
62.19 
56.60 
78.91 
59.77 
66.32 
20.94 
34.82 
79.17 


& 0.92 
+ 0.76 
i= 1.34 
i 0.59 + 1.06 
+- 0.54 
i 0.89 
i 2.20 
f 2.15 
3z 1.89 
i 2.05 
rt 1.76 
i 0.98 
1 0 . 7 5  
i 0.67 
i 0.98 
i 0.79 
Z& 0.98 * 1.88 
Z& 0.58 
& 2.46 
zk 0.52 
rt 0.74 
f 2.90 


31.78 
15.92 
42.24 
22.90 
45.65 
23.67 
29.23 
59.57 
51.20 
56.22 
51.21 
25.96 
44.19 
10.92 
9.35 


62.08 
46.49 
43.78 
60.92 
47.68 
51.07 
14.28 
21.38 
68.56 


f 0.78 
f 0.63 
f 1.63 
f 0.52 
f 0.88 
f 0.59 
f 0.63 
f 1.46 
=t 0.76 
i 1.38 
=t 2.12 
f 0.67 
f 1.12 
i 0.49 
f 0.56 
f 2.25 
f 0.88 
i 0.92 
i 1.38 
f 0.78 
i 0.58 
i 0.60 
f 0.55 
f 1.87 


I 
I1 
I11 
IV 
V 


VI 
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
XIV xv 
XVI 


XVII 
XVIII 


XIX xx 
XXI 


XXII 
XXIII 
XXIV 


0 Each experiment was done in duplicate. The oxygen uptake in 
control experiments was 189.81 + 2.56 pl. in the absence of nicotinamide 
adenine dinucleotide and 209.60 f 2.87 pl .  in the presence of nico- 
tinarnide adenine dinucleotide during 60 min. All values represent mean 
values of percent inhibition, with standard error ( S E )  calculated from 
two separate experiments. Inhibition was determined by the decrease in 
the oxygen uptake per 125 mg. wet weight of tissue per hr. Assay con- 
ditions are as indicated in the text. 


45.36 f 1.25 25.99 f 0.98 
36.34 3= 0.92 
55.96 Z& 0.14 
47.31 i 2.12 


24.23 f 1.75 
39.00 + 1.82 
31.90 + 2.12 
54.17 i 1.09 74.45 3r 1.85 


39.18 =k F.90 
42.04 =k 0.64 
79.20 f 2.00 
72.67 f 1.85 
82.06 i 0.88 
82.93 =t 2.25 
45.34 i 1.45 
65.62 i 1.25 
34.96 f 0.99 
60.51 =t 0.85 
79.88 & 1.25 
6 i . iZ  f 0 . 8 5  
54.74 f 0.55 
76.52 i 0.45 
62.65 f 0.92 
71.27 rt 1.25 


29.34 f 0.89 
36.50 f 0.87 
65.35 =t 1.02 
50.62 i 2.50 
71.31 =t 1.85 
73.87 f 1.25 
40.56 f 1.84 
54.12 f 0.98 
16.68 f 1.09 
48.14 + 0 88 
75.46 i 0.74 
48.61 f 0.65 
45.97 f 0.86 
59.43 i 1.35 
55.35 i 1.40 
56.28 f 0.95 


25.61 I;t 0.86 
31.23 3r 0.77 
84.30 f 2.80 


21.37 f 0.45 
24.77 =t 0.25 
83.12 f 2.85 


a Each experiment was done in duplicate. The oxygen uptake in 
control experiments was 134.40 * 2.06 ul. in the absence of nicto- 
tinamide adenine dinucleotide and 144.00 f 2.28 &I. in the presence of 
nicotinamide adenine dinucleotide during 60 min. All values represent 
mean values of percent inhibition, with standard error ( S E )  calculated 
from two separate experiments. Inhibition was determined by the de- 
crease in the oxygen uptake per 125 mg. wet weight of tissue per hr. 
Assay conditions are as indicated in the text. 
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Table VI-Anticonvulsant Activity of 1-Substituted 
Acetyl-3-aryl Carbamides 
~~ 


Compound Anticonvulsant Mortalityb, 
Number Activity“, z 


1 
I1 


111 
IV 
V 


VI 
v1r 


VIII 
I X  
X 


XI ~~~ 


XI1 
XI11 
XIV 
xv 


XVI 
XVII 


XVIII 
XIX xx 
XXI 


XXII .~~ ~ 


XXIII 
XXIV 


10 
40 
70 
70 
30 
30 
10 
10 
30 
30 
80 
40 
40 
30 
0 


20 
0 


30 
60 
50 
40 


10 
10 
30 
10 
10 
60 
60 
40 
20 
40 
20 
10 
40 
30 
50 
40 
30 
40 
30 
0 


20 
30 20 
20 70 
0 70 


a Anticonvulsant activity was determined as described in the Experi- 
mental section. h Represents mortality in each group of animals ad- 
ministered pentylenetetrazol during the 24-hr. period. 


at 3’-position of the 4’-methyl-substituted carbamides (V, XIII, 
and XXJ). Substituted carbamides having a methyl substituent at 
the 4‘-position (IV and X X )  were found to have greater inhibition 
as compared to corresponding 2’-methyl-substituted derivatives 
(I1 and XVIII), except with the piperidino carbamides where a 2’- 
methyl-substituted derivative (X) afforded greater inhibition. 
Unlike methyl-substituted derivatives, introduction of a methoxy 
substituent at the 4’-position of the phenyl group (VII, XV, and 
XXIII) resulted in comparatively greater inhibition to that of 
carbarnides possessing a methoxy substituent at the 2’-position (VI, 
XIV, and XXII). The presence of an electronegative chloro sub- 
stituent at the 2’-position of the phenyl moiety (VIII, XVI, and 
XXIV) was found to result in a marked increase in the inhibitory 
properties of these carbamides. Such a chloro substituent at the 
2’-position of the phenyl nucleus exhibited maximum inhibition 
of pyruvic acid oxidation with both mouse brain and rat brain 
hornogenates in pyrrolidino (VIII) and morpholino carbamides 
(XXIV). 


As is evident from Table VI, all carbamides exhibited anti- 
convulsant activity, where protection against pentylenetetrazol- 
induced seizures ranged from 10 to 80z. 3’-Methylphenyl-sub- 
stituted carbamides were found to exhibit protection that was 7 0 z  
with pyrrolidino carbamide (III), 80% with piperidino carbamide 
(XI), and 60% with morpholino carbamide (XIX). Such protection 
with 3’-methyl-substituted carbamides was found to be comparable 
with their ability to inhibit nicotinamide adenine dinucleotide- 
dependent oxidations (Tables IV and V). On the other hand, 


carbamides possessing a methoxy substituent (VI, VII, XIV, XV, 
XXII, and XXIII) were able to afford only a low degree of protec- 
tion. Carbamides having an unsubstituted phenyl group at the 
3-position (I, IX, and XVII) had lower, or were almost devoid of, 
anticonvulsant activity. These results indicated that introduction 
of electron-pushing methyl or methoxy groups in the phenyl 
moiety resulted surprisingly in increased anticonvulsant activities. 
On the other hand, no change in anticonvulsant activity was ob- 
served when an electron-pulling chloro substituent was introduced 
at the 2’-position of the phenyl group of these carbamides (VIII, 
XVI, and XXIV). 


AS is evident from Table VI, all substituted carbamides having a 
methyl substituent in the phenyl nucleus (11-V, X-XIII, and 
XVIII-XXI) not only elicited a higher degree of protection against 
pentylenetetrazol-induced seizures but also exhibited lower mortali- 
ties. These studies have, however, failed to  represent inhibition 
of nicotinamide adenine dinucleotide-dependent oxidation as a 
biochemical basis of the anticonvulsant activity of these 1-sub- 
stituted acetyl-3-aryl carbamides. 
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D R U G  S T A N D A R D S  


Quantitative Determination of Salicylic Acid and 
Benzoic Acid in Ointments 


V. DAS GUPTA 


Abstract 0 Simple, precise, and accurate methods for the analysis 
of salicylic acid (I)  and benzoic acid (11) in ointments are reported. 
Compound I is determined by extracting its sodium salt with hot 
water, reacting it with ferric nitrate, and measuring colorimetrically. 
The total acidity is determined with sodium hydroxide, and then 
I1 can be calculated by difference. 


Key phrases 0 Salicylic acid-benzoic acid ointments-colorimetric 
analysis 0 Benzoic acid-salicylic acid ointments-colorimetric 
analysis 0 Ointments, benzoic and salicylic acids--colorimetric 
analysis 0 Colorimetry-analysis, salicylic acid-benzoic acid oint- 
ments 


Many physicians are using ointments containing 
salicylic acid and benzoic acid. One ointment of this 
type was official in USP XVI (1). Depending upon the 
source, the ratio of the active ingredients and the nature 
of base may vary. Among the most commonly used 
bases are polyethylene glycols (A), petrolatum (B), cold 
cream USP or modified (C) ,  and vanishing cream (D). 
The procedures for the determination of salicylic acid (I) 


Table I-Assay Results for Salicylic Acid and Benzoic Acid 
Using the Proposed Procedures 


Oint- 


Base Number (Salicylic Acid) (Benzoic Acid) 


Assay Results (Percent Recovery) on 
ment Sample I IIa 


A 1 
2 
3 
4 
Average 
SD 


B 


C 


D 


1 
2 
3 
4 
Average 
SD 
1 
2 
3 
4 


100.5 
100.2 
99.8 


100.3 
100.2 
3Z0.2 
100.2 
100.3 
99.7 
99.8 


100.0 
r t0 .25 


99.8 
99.8 
99.2 
99.6 
99.6 


*0.2 
99.9 
99.7 
99.8 


100.2 
99.9 


3Z0.15 
99.9 99.8 


100.3 99.9 
99.9 loo. 1 


100.3 100.6 
Average 100.1 loo. 1 
SD 1 0 . 2  =to.  25 
1 
2 
3 
4 


100.0 
100.4 
100.5 


99.6 
99.1 
99.5 


99.7 99.0 
Average 100.2 99.3 
SD 1 0 . 2 5  3Z0.25 


Only vanishing cream base had slight blank value. 


and benzoic acid (11) in ointments were reported by 
Weber ( 2 )  and Blake (3). Weber's method requires a 
time-consuming separation of I and I1 by column 
chromatography. Blake's method requires the use of 
nonaqueous titration and plotting of the data. This 
method is also time consuming and extremely sensitive 
to carbon dioxide in the air. Garratt (4) recommended 
the determination of total acidity and a separate assay 
on I using a complicated extraction and bromination 
procedure. 


The purpose of this paper is t o  report simple and 
accurate methods for the analysis of I and I1 when mixed 
with various ointment bases. 


EXPERIMENTAL 


Chemicals and Reagents-All of the chemicals and reagents used 
were USP, NF, or ACS grade and were used without further purifi- 
cation. 


Preparation of Solutions-A 0.1 N solution of sodium hydroxide 
was prepared according to directions in USP XVI (1). A 1 z solution 
of ferric nitrate in 1 z nitric acid was prepared using a simple solu- 
tion method. 


Preparation of Ointments-With four different bases, ointments 
containing 1(3 %) and I1 (6%) were prepared using a simple tritura- 
tion process. A portion of the melted base was used as the wetting 
agent. The following bases were used in these investigations: A, 
(water soluble) as recommended by USP XVI (1); B, white; C1, con- 
taining the following ingredients: white wax USP, spermaceti USP, 
cetyl alcohol NF, tegin, mineral oil USP, sodium lauryl sulfate 
USP, distilled water, and perfume; and D2, containing the following 
ingredients: polyhydric alcohol esters, propylene glycol, liquid 
petrolatum, and preservatives. 


Analysis of Salicylic Acid-The assay method for I is based on 
its reaction with ferric nitrate to form ferric salicylate (violet color) 
which can be measured colorimetrically. This reaction was recom- 
mended by Pankratz and Bandelin ( 5 )  and was modified to assay I in 
ointments. 


Weigh accurately 1 g. of the ointment and transfer it to a 250-ml. 
beaker. Add to it about 100 ml. of hot (75") distilled water and 2 
drops of phenolphthalein T.S. Then add enough 0.1 N sodium hy- 
droxide solution (about 7 ml.) so that the mixture is light pink in 
color. Heat the mixture to 85", and add more sodium hydroxide 
solution, if necessary, until the mixture is light pink in color. Let the 
mixture cool to room temperature, transfer it to a 250-ml. volu- 
metric flask, and bring to volume with distilled water. Filter, reject 
the first few milliliters of the filtrate, and then transfer 16.0 ml. of 
the filtrate to a 50-ml. volumetric flask. Add 5 ml. of ferric nitrate 
solution and bring to volume with distilled water. Measure the ab- 
sorbance of the solution at 525 nm. against the reagent blank8. 


1 The Upjohn Co., Kalamazoo, MI 49001 
2Burroughs Wellcome & Co. Inc., Research Triangle Park, NC 


377130 -, , -, 
3 A DI<z spectrophotoineter was used in these investigations. 
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Similarly, determine the absorbance of a standard solution of sali- 
cylic acid (total I 1.920 mg. in a 50-ml. volumetric flask) and calcu- 
late the number of milligrams of I contained per gram of the oint- 
ment. Since Beer’s law is followed (5): 


X 30 = mg. I/g. ointment 0%. 1) Aeample 
Astandard 


The results are presented in Table I. 
Effect of Ointment Bases and Benzoic Acid on Assay Results of 


Salicylic Acid-Separate batches of the ointments containing only 
I1 (673 were prepared using the procedure already described. These 
ointments were assayed using the procedure for the analysis of sali- 
cylic acid. The results are presented in Table 11. 


Assay Procedure for Benzoic Acid-Weigh accurately about 2 g. 
of the ointment and determine the total acidity using the procedure 
previously reported (6) for salicylic acid ointments. Also weigh ac- 
curately an equivalent quantity (in grams) of the ointment base and 
determine the total acidity using exactly the same procedure (6). By 
difference, determine the volume of sodium hydroxide used against 
both acids. The volume of sodium hydroxide solution used X nor- 
mality equals rnilliequivalents of the total acids present in the oint- 
ment. Calculate the milliequivalents of I using Eq. 2 and subtract it 
from the total milliequivalents to obtain the number of milliequiv- 
alents of I1 contained in the portion of the ointment weighed: 


mg. I (determined in Eq. 1) X g. ointment weighed 
138.1 meq. I = 


(Eq. 2) 


Using Eq. 3, calculate the number of milligrams of I1 contained per 
gram ointment: 


= mg. II/g. ointment (Eq. 3) 
meq.’ X 122 mg./meq. 


g. ointment 


The results for the various ointments are presented in Table I. 


DISCUSSION AND CONCLUSIONS 


The results indicate that the ointments containing salicylic acid 
and benzoic acid can be assayed accurately using the proposed 
method (Table I). The ointment bases tested do not interfere6 in the 


4 Milliequivalents of benzoic acid found by difference as explained 


6 Except vanishing cream which interferes slightly in the determina- 
above. 
tion of total acidity. 


Table 11-Effect of Ointment Bases and Benzoic Acid on Assay 
Results of Salicylic Acid 


Results of Assay for 
Ointment Basea Salicylic Acid 


A 0.0 
B 0.0 
C 0.0 
D 0.0 


Q Containing 6 % of benzoic acid. 


assay procedures. Since there are many different types of bases in 
use and the manufacturers may change the formulas of their bases 
without notice,it is recommended that the analyst determine whether 
there is any interference from the components of the ointment base. 
Interferences can be easily determined by assaying the base without 
the active ingredients, as explained in the procedures. 


The extraction of salicylic acid with hot water appeared to be 
complete, since water was in large excess as compared with the base, 
and the sodium salt of salicylic acid is very soluble in water. The 
reasons for using hot water and heating the mixture to 85” were al- 
ready explained (6). The chance of error in the determination of 
benzoic acid by difference is negligible, since the assay procedure 
for salicylic acid is precise and accurate. With the proposed methods, 
an average analyst can test 8-10 samples per day. 
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over anhydrous sodium sulfate, filtering, and removing the chloro- 
form in uacuo, a residue of 7.3 g. was obtained (Fraction 11). 


Fraction I(61 g.) was dissolved in benzene and added to the top 
of a chromatographic column filled with a benzene slurry of neutral 
alumina'. Elution was continued with benzene, and 500-ml. frac- 
tions were collected. Fractions 6-12 from the column were com- 
bined and taken to dryness (7.4 g.), and the residue was subjected 
to a gradient pH separation as previously described (2). The initial 
benzene extraction at pH 2.7 yielded 3.33 g. of alkaloid residue, 
which was chromatographed over a column of neutral alumina as 
previously described. Benzene was used as the eluent, and 200-ml. 
fractions were collected. Fractions 28-29 were combined, taken to 
dryness, and treated with hot methanol. On standing, crystals 
formed, which were dried in uucuo for 24 hr. Subsequently, these 
crystals were found to be identical in all respects with yohimbine, 
which was previously reported from this plant (1). Fractions 12-27 
from the column were combined, taken to dryness it? uacuo, and 
yielded 1.95 g. of alkaloid residue. This residue was rechromato- 
graphed over a column of neutral alumina as previously described. 
Benzene elution yielded a homogeneous material. Crystallization 
from ethanol yielded crystals that were identical in all respects with 
leurosine, which was previously isolated from the leaf alkaloid (A) 
fraction of this plant (1). A total of 0.255 g. of leurosine (base) was 
obtained. 


Antitumor Testing-Extracts and alkaloids were assayed for 
activity against the P-1534 leukemia in DBA/2 mice according to 
protocols of the National Cancer Institute (3). The leaf crude al- 
kaloid (C) fraction was inactive at doses ranging from 6.35 to 50.0 
mg./kg. i.p., whereas leurosine was highly active against the same 
neoplasm at doses ranging from 0.375 to 3.0 rng./kg. i.p. (4). 


1 Woelm, activity grade 111. 


DISCUSSON 


The anomalous isolation of an active antitumor alkaloid from 
a crude alkaloid fraction of C.  lanceus prompted the thorough 
investigation of all alkaloid fractions from this plant, whether they 
are active or inactive against the P-1534 leukemia. The only specula- 
tion that can be offered at this time for this phenomenon is that the 
alkaloid (C) fraction contains, in addition to  leurosine, a material 
that displays a delayed toxicity. Animals receiving the extract may 
be adversely affected only at about the time that the leukemic 
control group of animals die, i.e., about 12-15 days from the time 
of infection. If this is indeed the reason, it might be profitable to 
subfractionate each crude alkaloid fraction and have each of these 
evaluated if the original fraction gives a negative antitumor test. 
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Cycloheptaamylose-Barbiturate Inclusion Complexes: 
Solubility and Circular Dichroism Studies 


A. L. THAKKAR', P. B. KUEHN*, J. H. PERRINt, and W. L. WILHAM 


Abstract 0 The interaction of cycloheptaamylose with some bar- 
biturates was examined by solubility analysis and by circular 
dichroism. Complexation by inclusion of the barbiturate within the 
cavity of cycloheptaamylose leads to: (a )  an enhancement in the 
aqueous solubility of the barbiturate, and (b )  extrinsic Cotton ef- 
fects in the circular dichroism spectra. Measurements from both 
methods yield formation constants for the 1 : 1 interactions. The 
relative strength of interaction with cycloheptaamylose is of the fol- 
lowing order: phenobarbital > pentobarbital > amobarbital > 
barbital. 


Keyphrases 0 Cycloheptaamylose-barbiturate inclusion complexes 
-solubility and circular dichroism studies 0 Barbiturate-cyclo- 
heptaamylose inclusion complexes-solubility and circular di- 
chroisrn studies 0 Circular dichroism-analysis of cyclohepta- 
amylose-barbiturate inclusion complexes 0 Interactions-cyclo- 
heptaarnylose with phenobarbital, pentobarbital, amobarbital, and 
barbital 0 Complexes, inclusion-cycloheptaamylose-barbiturate, 
solubility and circular dichroism studies 


Cycloaniyloses (cyclodextrins) are known to  form 
inclusion complexes with drug molecules of a variety 
of structure types (1-5). The complexation of some 


barbituric acid derivatives with cycloheptaamylose was 
the subject of a preliminary report from this laboratory 
(6) .  Cycloheptaamylose was shown to complex with 
barbiturates by solubility and proton magnetic reso- 
nance techniques; the corresponding formation con- 
stants were obtained from solubility data. In the present 
report, details of the solubility measurements are given. 


This paper is also concerned with an examination of 
the complexes by circular dichroism (CD), a technique 
that has been suggested (7-9) but not extensively applied 
before to cyclodextrin complexes. Inclusion of the 
barbiturate within the cavity of cycloheptaamylose re- 
sults in extrinsic optical activity. The induced Cotton 
effects can be quantitatively treated to yield formation 
constants. 


EXPERIMENTAL 


Materials-Recrystallized amobarbital, m.p. 156-1 58 ", recrystal- 
lized barbital, m.p. 190-192", recrystallized pentobarbital, m.p. 129- 
130", and phenobarbital USP were used as received. Cyclohepta- 
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Figure 1-Solubility of barbital as a lirticfion of cycloltepiaantylose 
concetifraiion in wafer at 30". 


amylose', [a]!? i n  water, 162.0 f 0.5". was recrystallized from 
water. The water of hydration of cycloheptaamylose, determined by 
Karl Fischer titration, was taken into consideration when recording 
its correct weight. 


Solubility Studies -The solubility method of Higuchi and Lach 
(10) was followed. The aqueous barbiturate-cycloheptaamylose sys- 
tems were equilibrated with constant agitation at 30" for 48-96 hr. 
This time was initially found to be more than sufficient to ensure 
equilibrium. Upon equilibration, the solutions were filtered through 
Millipore filters (0.45-p pore size). Aliquots of the filtrates were 
suitably diluted with pH 9.5 buffer and were analyzed spectrophoto- 
metrically at  -238 nm. The presence of trace amounts of cyclo- 
heptaamylose did not interfere with the spectrophotometric assay. 


Since the barbiturates used are knoun to exhibit polymorphism 
( 1  1,12), i t  was necessary to make sure that the crystalline form of the 
excess of barbiturate remaining after equilibration with aqueous 
cycloheptaamylose was the same as that equilibrated with water 
alone. X-ray diffraction patterns (Debye-Scherrer) of the various 
samples confirmed that no change in crystalline form occurred. . 
CD Studies-Barbiturate solutions were prepared in an aqueous 


solution of cycloheptaamylose of known concentration. The amount 
of barbiturate in each solution was determined spectrophotometri- 
cally following appropriate dilution of an aliquot with pH 9.5 buffer. 


The CD spectra were recorded on a spectropolarimeter2 with a 
slit programmed for a half bandwidth of 15 A. Silica cells of I - ,  5-, 
and 10-mm. pathlengths were used. 


RESULTS AND DISCUSSION 


Solubility Studies-Figures 1-3 show the solubility of barbitu- 
rates as a function of cycloheptaamylose concentration in water. 
Solubility enhancement with increasing cyclodextrin concentration 
is similar to that observed with several other drugs (1-5). The pla- 
teau in the amobarbital plot indicates that a complex of limited 
solubility is formed. This amobarbitalkycloheptaarnylose complex 
was isolated and found to be a 1 : I  complex with about 8 moles of 
water of hydration. The stoichiometric relationship was determined: 
( a )  by elemental analysis. ( h )  by spectrophotometric analysis of the 
crystalline complex for its amobarbital content, and ( c )  from the 
ratio of the anomeric protons of cycloheptaamylose to the methyl 


I Supplied by  Corn Products Sales Co., New York, N. Y 
Cary 60 with a 6002 attachment.  
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Figure 2-Solitbilify of phenobarbital as a fitncfion oJ cyclohepta- 
amylose concentration it1 water at 30". 


protons of amobarbital in the integrated NMR spectrum of a solu- 
tion of the complex in deuterated dimethyl sulfoxide. 


In view of the experimentally determined 1 : I  stoichiometry for 
the amobarbital complex and the NMR evidence suggesring a simi- 
lar mode of interaction for the various barbiturates (6), similar 
stoichiometries were assumed for cycloheptaamylose complexes 


20 - 


- 


16 - 


z 
x -  
T 
w 
a 


t- m 
a -  
m 


2 1 2  - 
3 


4 


U 
0 
> 8  
k 
4 
m 
3 
0 
v) 


4 


0 
4 8 12 


CYCLOHEPTAAMYLOSE CONCENTRATION, M X 10' 


Figure 3--Soluhilit,v of amobarbital (r!) and petrfobarbifal (0) as a 
function of'ryclohepfaamylose conceniration it1 wafer at 30". 







Table I-Formation Constants of 
Cycloheptaamylose-Barbiturate Complexes 


c Formation Constant 
Solubility 


Barbiturate Method CD Methodo 


Barbital 1.51 X 102 - 


Amobarbital 1.24 X lo3 1 42 X 1 0 3 ( f 1 5 % )  


Phenobarbital 3.60 X lo3 4 09 X 103(&5%) 
Pentobarbital 1.82 x 103  1.72 x 103 (+lo%) 


(1 Duplicate measurements were used. The K values lie within the indi- 
cated f range. 


of the other barbiturates. The apparent formation constants for the 
complexes were then calculated by the method of Thoma and 
Stewart (13). The formation constants are listed in Table I. Values 
from the C D  method are also listed in the table. The rather large 
values of the formation constants, which compare well with the 
formation constants for other cycloamylose complexes (1-5) are 
indicative of stable complexes. 


CD Studies-Azo dyes (7) as well as benzoic acid and iodine 
(8, 9) have been shown to generate extrinsic Cotton effects upon 
binding to cyclodextrins. In these earlier reports, no attempt was 
made to obtain any quantitative information regarding the complex 
formation from the generated C D  curves. The binding of barbitu- 
rates to cycloheptaamylose produces large extrinsic Cotton effects 
which can be quantitatively treated to  give binding constants. 


Let us consider the reaction A + E s C.  If A and E denote the 
initial concentrations of cyclodextrin and barbiturate, respectively, 
and if C denotes the equilibrium concentration of the complex, then 
K, the binding constant, is given by: 


Upon rearrangement : 


C =  
1 + K(A + B) =k [I + 2K(A + B) + Kz(A + 8)' - 4K(KAE)]'/* ____ 


2K 
(Eq. 2) 


In dilute solutions, the observed ellipticity is proportional t o  the 
concentration of complex at  any fixed wavelength, so C = E/c, 
where E is the observed ellipticity and e is the proportionality con- 
stant for a given pathlength of cell at the particular wavelength 
of measurement. Equations 1 and 2 yield the following: 


E = [ e l .  
1 + K(A + B )  i [l  + 2K(A + E )  + K'(A + E)' - 4K(KAE)]'/t 


2K 
(Eq. 3) 


A nonlinear regression analysis was used, with the aid of a digital 
computer, t o  estimate the parameters e and K .  


Ellipticities of a series of solutions of known barbiturate to 
cycloamylose ratio were measured. From these ellipticity values, 
the binding constants were determined. Ellipticities at  at  least three 
wavelengths were used to calculate the constants shown in Table 
I. Figure 4 shows the C D  curves for various concentrations of 
phenobarbital a t  a fixed concentration of cycloheptaamylose in 
water. These curves have peaks or shoulders at 270, 265, and 258 
nm., whereas the curves for pentobarbital and amobarbital show 
single positive peaks at  261 nm. 


The C D  spectrum of barbital in aqueous cycloheptaamylose 
showed a weak negative peak at 278 nm. and a slightly stronger posi- 
tive peak at  260 nm. These peaks were too weak, even at  the highest 
barbital concentrations, t o  allow quantitation. The apparently 
anomalous negative peak at  278 nm. possibly arises from a dis- 
sociation of drug molecules. Barbiturates in dilute or alkaline solu- 
tions show UV absorption near this wavelength; the peak has been 
associated with the enolic form (14-16). 


lnduced optical activity upon interaction of the barbiturates with 
cycloheptaamylose is probably the result of the inclusion of barbitu- 
rate side chains within the cavity of cycloheptaamylose. With pheno- 
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Figure &Induced CD ciirves for phenobarbital-cycloheptaamylose 
complexes (I-mm. cells). Cycloheptaamylose concentration = 8.815 
x 1 6 3  M. Phenobarbital concentrations = ( 1 )  1.345 X 1 0 - 2  M, 
(2) 8.743 X lk3 M, (3 )  5.380 X M, ( 4 )  2.690 X l k 3  M ,  and 
( 5 )  1.345 X lk3 M. 


barbital, this is almost certainly the case since the induced CD curve 
is characteristic of an asymmetrically perturbed aromatic chromo- 
phore. NMR data (6) have also shown that the phenyl ring of 
phenobarbital is included within the cyclodextrin cavity upon com- 
plexation. In the case of the other nonaromatic barbiturates, their 
nonpolar side chains get included within the hydrophobic cavity of 
cyclodextrin. Such inclusion provides a certain rigidity to the com- 
plex and places the barbiturate nucleus in close physical proximity 
to the primary hydroxyl side of the cyclodextrin. Evidently, the 
extrinsic Cotton effects with amobarbital and pentobarbital arise 
as a consequence of a specific, hydrogen-bond-type interaction be- 
tween the barbiturate nucleus and the primary hydroxyl groups of 
cycloheptaamylose. 
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Further Chemical and Pharmacological Characterization of 
Bersama yangambiensis Toussaint (Melianthaceae) 


M. VANHAELEN, J. INDEHERBERG, and H. BAUDUIN. 


Abstract 0 A bufadienolide glycoside was isolated and purified 
from Bersama yangambiensis. Partial characterization was ac- 
complished by spectrometric data, and, these data suggest that the 
bufadienolide is a new compound. Preliminary pharmacclogic 
investigations confirmed the cardiotonic properties of this com- 
pound and showed an antitumor action in uitro. 


Keyphrases 0 Bersama yangambiensis Toussaint (Melianthaceae) 
-chemical and pharmacological characterization, isolation and 
identification of a bufadienolide 0 Bufadienolides-isolation from 
Bersama yangambiensis Toussaint, pharmacological testing for 
cardiotonic and antitumor properties Cardiotonics, potential- 
pharmacological testing of a bufadienolide from Bersama yang- 
ambiensis Toussaint 0 Antitumor agents, potential-pharmaco- 
logical testing of a bufadienolide from Bersama yangambiensis 
Toussaint 0 Medicinal plants-chemical and pharmacological 
characterization of Bersama yangambiensis Toussaint 


Extracts from various Bersama species have been 
widely used medicinally by Africans, and the pharm- 
acological activity of these preparations has been 
documented (1-4). In the last 10 years, however, only 
the species Bersama abyssinica Fresen, subspecies 


alect), a name that is similar to “bowa bo ndomba” 
which is the vernacular name for Turreaenthus Africana 
(Meliaceae). 


Previously, we reported the presence of a bufadieno- 
lide in B. yangambiensis (12). This report deals with the 
chemical and main pharmacological characteristics of 
this bufadienolide. 


RESULTS A N D  DISCUSSION 


Compounds A and C show no aldehyde, acetoxy, or methoxy 
functions in the bufadienolide molecule, as evidenced by a lack of 
absorption at 2720 and 2750 cm.-’ (aldehyde) and at 1215 cm.-1 
(acetoxy) in the IR spectra and no signals at 10 p.p.m. (aldehyde), 
2 p.p.m. (acetoxy), and 3.5 p.p.m. (methoxy) in the N M R  spectra 
(1 3)l. 


The sequence of peaks at 418,400,382, and 364 mass units in the 
mass spectrum suggests the presence of a 3-hydroxyl or epoxy 
function on the bufadienolide skeleton. Under electron impact, 
three molecules of water were removed from peak 418 and this peak 
corresponds to a fragment of a larger molecule which is com- 
posed of this fragment coupled with sugars. The presence of these 
sugars makes the bufadienolide completely nonvolatile and highly 
thermolabile in the spectrometer source. Because of this non- 
volatility, peaks of heavy mass were very small. There were signals 


m l e  


Figure 1-Mass specfrum of Compound A ;  basepeak = 193. Possible interpretation is as follows: M+ (genin) 418,400 (- H20) ,  382 (- HzO), and 
364 (- HzO). CzdfaaOa has a calculated mass of 414.2041; 414.2044 is the measured mass. 


abyssinica, has been studied (5-8) and its extracts have 
shown not only cardiotonic activity but also the ability 
to inhibit the growth of tumor cells (6-8). The active 
compounds were isolated and identified as bufadieno- 
lides, in the genin form, and were shown to differ on the 
basis of their general properties and molecular weights. 
These compounds were isolated from the bark by 
Kupchan et al. (6).  Lock (9, however, showed that they 
were present in the leaves but absent in the bark. Thus 
the distinct possibility exists that the plants utilized in 
those studies may have been different species or sub- 
species, especially since the classification of the genus 
Bersama is highly controversial (9, 10). 


Bersama yangambiensis is known under three ver- 
nacular names (11): Kilulu Kasai, Nde (Ngwaka dia- 
lect), and Ianaolo a bowa bo ndomba (Turumbu di- 


which differed from the main characteristic peaks by one or a few 
mass units; they were due to formation, by thermolysis, of more or 
less hydrogenated derivatives of a similar structure (Fig. 1). 


The actual mass of peak 414 is particularly easy to measure 
under the experimental conditions and was determined by the peak- 
matching technique. It suggests the elemental structure of C?,- 
Hao06. Thus, four oxygen atoms are external to the basic bufadi- 
enolide structure and can be accounted for in the following manner. 
Evidence for the presence of a 38-hydroxyl group, the usual position 
for sugar linkage, is suggested by the signal at 1.71 p.p.m. in the 
NMR. The position of the signals of the protons HA, HB, and HC 
of the a-pyrone, the shift (+0.240 p.p.m.) of the signal given by the 


- 


IR spectra were recorded on a Perkin-Elmer model 237 spectro- 
photometer. NMR spectra were recorded on a Varian model A60. 
Mass spectra were recorded on an A.E.I. model M.S. 902. GLC was 
performed on a Varian Aerograph model 1200. UV spectra were re- 
corded on a Perkin-Elmer model 402, and optical rotatory dispersion 
was recorded on a Perkin-Elmer 141 polarimcter. 
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A: R = two aldohexose 
B R=one aldohexose 
C R-H 
D: R = / ,  A 4-5 


2-hydroxyl and/or epoxy groups 


C-18 methyl group when changing from CDCIJ to dimethyl sulfoxide 
in the NMR (13), and the hypsochromic shift (300 -* 295.5 nm.) of 
the classical UV absorption peak of the bufadienolide suggest the 
presence of a hydroxyl group in the 12g-position. At least one 
tertiary hydroxyl function is present, because the 3400-m-l 
absorption’band of the IR spectrum is not completely removed by 
acetylation. Although an epoxy bridge between positions 148 and 
15s is ruled out by the NMR spectrum, such a bridge could be 
present at other sites. 


The glycosidic nature of the compound is supported by the 
following evidence: the elemental analysis of the products, higher 
R ,  values of Compounds B and C which resulted from the se- 
quential hydrolysis of Compound A (Compound D is the anhydrc- 
genin), and the mass spectra. The molecular mass of the genin 
coupled with two completely acetylated sugars would be about 
1020. The only mass spectrum of the acetylated derivatives that 
could be obtained displayed a low ionic intensity in the range of 
masses around IOOO. However, the presence of a peak corre- 
sponding to the compound was obviously demonstrated, but its 
true localization was difficult due to a large preceding zone of very 
low intensity. 


The bufadienolide molecule contains no methylpentoses since 
the Rj’s and retention times of the sugars in the chromatographic 
systems, as well as their reactions to the detecting reagents, suggest 
only the presence of two aldohexoses. 


On the basis of this discussion, the formulas for Compound A 
and its hydrolysis products are proposed; the position of the 2- 
hydroxyl or epoxy groups was not determined. 


PHARMACOLOGY OF COMPOUND A 


Cardiovascular Activity -The purified compound satisfies the 
criterion for cardiotonic drugs (14) because it exhibits bitterness, 
systolic standstill of isolated frog heart under perfusion (Straub 
preparation), inotropic action on spontaneously beating isolated 
rabbit auricles, and typical alteration of the ECG of the cat. 


The toxicity of the compound was studied in the cat. Animals of 
2.5-3 kg. were anesthetized with sodium pentobarbital (35 mg./ 
kg.). Blood pressure was recorded through a carotid canula on a 
lampblack-darkened drum, and an ECG was registered for 10 sec. 
every 30 sec. (derivation I). Perfusion was performed through an 
intracath in the femoral vein which was inserted to about 2 cm. 
below the diaphragm. 


An alcoholic (5%) solution of Compound A was adjusted in 
order to perfuse the required dosage (0.05, 0.1, or 0.3 mg./kg.) 
in a total volume of 1.5 m1J0.5 hr. The lethal dose was 0.3 mg./ 
kg.; concentrations of 0.05-0.1 mg./kg. resulted in only wild and 
reversible ECG alterations and had no effect on blood pressure. 


The earliest effects of the compound were observed in the ECG 
between 13 and 25 min. after starting the perfusion. The PR 
interval was prolonged, and a decalage of ST occurred. Tachy- 
cardia was always observed after 20-25 min. of perfusion; in- 
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Figure 2-IR spectra of Compound A aud its acetylated dericatioe 
( K B r ) .  a-Pyrotie bands are at 1720, 1640, and 1538 ern.-'; acetyl 
hatrds are at I370 and I240 cm.-I, Key: -, Compound A:  and 
. . . , acetyluteddericatitie. 


creased automaticity of the infraauricular structure followed, 
resulting at first in isochrone rhythm. The normal pacemaker 
always regained control for 2 min.; thereafter, the typical c o m e  of 
“digitalis” intoxication ensued. 


There was also a typical transient blood pressure fall about 
25 min. after the start of the perfusion of O.>mg./kg. concentrations 
without any  premonitory or concomitant alteration in the ECG. 
Blood pressure became irregular and gradually fell 10 min. later. 


After 30 min. of perfusion, a micturition was regularly observed. 
Death occurred 43-45 min. after starting the perfusion. 


Antitumor Activity- -Cytotoxic activity ( I )  was determined in 
oilro on a cell culture obtained from a human epidermoid carcinoma 
of the pharynx (15). The EDso was 1.55 mg./l. 


EXPERIMENTAL 


Chromatographic Studies-Separation of the sugars isolated 
from the hydrolysis of the glycoside was accomplished by means of 
thin-layer, paper, and gas-liquid chromatography. Descending 
paper chromatography was accomplished on Whatman No. 1 
paper utilizing ethyl acetate-pyridine-water (10:4 :3) and benzene- 
1-butanol-pyridine-water (1 : 5 : 3 : 2) as solvent systems. Visualiza- 
tion was obtained by spraying with an alkaline methanolic solution 
of triphenyl-2,3,5-tetrazolium chloride (1 volume of a 4% solution 
of triphenyl-2,3,5-tetrazolium chloride -t 1 volume of 1 N NaOH 
in methanol) and a I-butanol -ethanol- water solution of panisidine 
phthalate [panisidine (0.1 M) and phthalic acid (0.1 M) in 9 6 x  
ethanol] containing a trace of stannous chloride. 


TLC was carried out on silica gel G plates buffered with 0.02 
M sodium acetate, developed in ethyl acetate-isopropanol (65 : 35) 
and chloroform-methanol (80 : 20), and visualized with anis- 
aldehyde (0.5 ml. anisaldehyde + 0.5 ml. H2S04 + 0.1 ml. glacial 
acetic acid) in sulfuric acid. GLC was performed on the silylated 
sugars utilizing silanized chromosorb DMCS, 60-70 mesh impreg- 
nated with 10% SE-30 in a 2-m. steel column at a pressure of 1.5 
p.s.i. with a programmed temperature from I50 to 300” (6” min. 
linearly) and detection by means of a flame-ionization detector. 


Extraction and Purification-Plants were collected in Yangambi, 
Democratic Republic of Zaire2, and were stabilized, 2 kg. of bark 
at a time, by boiling in 94% ethanol in the presence of calcium 
carbonate ( I  g./10 1.). 


Stabilized material corresponding to 8.5 kg. of bark, ground to a 
fine powder, was extracted by percolation with 94% ethanol until 
bitterness and characteristic coloration with 85 sulfuric acid 
could no longer be detected. The extracts (about 60 I.), combined 
with the ethanolic solution resulting from the stabilization step, 
were filtered and evaporated under vacuum at room temperature. 
The resulting residue (1.5 kg.) was dissolved in methanol (2.5 I.) 
and precipitated by the addition of dichloromethane (7.5 I.) .  The 
supernate was absorbed on cellulose (800 g.) and, after removal of 
the methanol-dichloromethane, extracted with petroleum ether 
(b.p. %So”) in a soxhlet apparatus. The defatted material was 
transferred to a cellulose column (4 kg.) and eluted with ether con- 
taining increasing amounts of dichloroinethane followed by di- 
chloromethane with increasing concentrations of methanol. 


Fractions eluted with dichloromethane and dichloromethane 
containing up to 5% methanol were Liebermann positive. These 
fractions were combined and evaporated; the residue was dissolved 
in absolute methanol, filtered, and evaporated. yielding 120 g. of 
residue which was adsorbed onto a 3.5-kg. column of alumina. 
Fractionation of the column was accomplished by elution with 
solvents of steadily increasing polarity (benzene, dichloromethane, 
methanol, and water). The fractions eluted with dichloromethane 
and dichloromethane containing up to 15% methanol showed a 
UV absorption maximum at approximately 295 nm. They were 
combined, filtered, and evaporated, and the residue was dissolved 
in absolute methanol which was subjected to preparative TLC on 
silica gel plates (20 x 40 cm.). The plates were developed twice with 
chloroform-methanol (9: 1 v/v), and the samples were removed 
from the silica gel by prolonged extractioii with methanol. 


The bitter fractions from the first preparative step also showed a 
typical coloration and fluorescence with antimony trichloride spray 
(about 0.22% in CHC13). These fractions were chromatographed on 


2 Herbarium was identified by M. Vanhaelen in “Jardin Botanique 
de I’Etat” in Brussels. 
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Figure 3-NMR spectrum of Compound C ( 5  mg. in CDCI,); accumulated spectrum with CAT (intertial standard, tetramerhylsilarie). 7 


= 9.10 for CIS;  7 = 8.70 for CH. 


silica gel, with benzene-methanol-formamide (85 : 15 : 1) as the 
solvent, and were resolved into two spots (A and B). Compound A 
(lower spot) was dissolved in 3 ml. of absolute methanol, 20 ml. of 
benzene was added, and the solution was evaporated. This pro- 
cedure was repeated until a white precipitate was obtained. Com- 
pound B (upper spot) was treated in a similar manner, utilizing 
absolute acetone and cyclohexane, respectively, as the solvents. 
The purification yield was 0.002”/,, and Compound A (1 30 mg.) and 
Compound B (40 mg.) were obtained in noncrystallizable and chro- 
matographically pure forms. 


Hydrolysis of Compounds A and &Compound A was hydro- 
lyzed to Compound B under mild hydrolysis conditions (5 mg. 
material; methanol, 0.5 ml.; sulfuric acid, 0.1 N ,  0.5 ml.; under ni- 
trogen for 72 hr. at 0”). Stronger hydrolytic conditions (5 mg. 
material; methanol, 0.5 ml.; sulfuric acid, 1 N,  0.5 ml.; under ni- 
trogen for 30 min. at 100”) produced the two genins, C and D. These 
hydrolysates were diluted with an equal volume of water, the meth- 
anol was removed in uacuo, and the aqueous solution remaining 
was extracted several times with chloroform to remove the genins 
and partially hydrolyzed glycoside. This chloroform solution was 
washed with water, dried over anhydrous sodium sulfate, passed 
through a small column of silica gel, and purified by precipitation 
with chloroform and cyclohexane as previously described for 
Compounds A and B. TLC of these purified products on silica gel 
G in benzene-methanol-formamide (85 : 15: 1) showed, after spray- 
ing with antimony trichloride in chloroform, R, values of: 0.27, 
Compound A; 0.34, Compound B; 0.37, Compound C;  and 0.41, 
Compound D. 


The aqueous solution remaining after chloroform extraction was 
diluted with 5 ml. of water and adjusted to a pH of 6.5 with barium 
hydroxide solution; the barium sulfate was removed by centrifuga- 
tion. This solution, at pH 6.5, was placed on the top of a small 
column of cellulose and eluted with water-saturated butanol. 
Separation of the sugars was achieved by paper, thin-layer, and gas 
chromatography as previously described. 


Characterization of Compounds A and C-Compound A ex- 
hibited a UV maximum (in methanol) at 295.5 nm. (log B 3.74) and 
specific rotation (in methanol) of 35.8 at 589 nm., 37.3 at 578 nm., 
43.2 at 546 nm., and 82.2 at 436 nm. Due to the strong absorption 
of the chromophore in the UV, no optical rotatory dispersion 
spectrum was recordable below 400 nm. (16). It produced a blue 
spot which turned greenish blue after 2 hr. with the Liebermann 
test, no specific coloration or fluorescence with the Rosenheim test, 
a dark-brown spot which turned reddish brown (after 2 min.) and 
finally a pale purple with 85% sulfuric acid, and a purplish spot 
at room temperature which turned blue-gray at elevated tempera- 
tures with antimony trichloride. The Legal, Keller-Kiliani, and 


Raymond tests were negative. Elemental analysis showed : C, 
60.00W; H, 7.37% (calc.: C, 59.51%; H, 7.49%). Acetylation pro- 
duced a yellowish-white noncrystallizable residue. Figure 2 pre- 
sents a comparison of the IR spectra of Compound A and its acet- 
ylated derivative. 


Compounds C and A have identical UV spectra and color reac- 
tions. Figure 3 presents the NMR spectrum of Compound C. 
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Dissolution of Aspirin from Tablets Containing 
Various Buffering Agents 


KARAMAT A. JAVAID and DONALD E. CADWALLADERA 


Abstract 0 Eleven different compounds representing various classes 
of buffering agents were studied with respect to their effect on the 
dissolution of aspirin from tablet formulations. In general, carbon 
dioxide-producing buffering agents (sodium bicarbonate, mag- 
nesium carbonate, and calcium carbonate) gave more rapid dissolu- 
tion than the readily water-soluble buffering agents (sodium as- 
corbate and sodium citrate), and both of the preceding classes of 
buffering agents gave much faster dissolution than water-insoluble 
buffering agents such as magnesium and aluminum compounds. 


Keyphrases 0 Aspirin dissolution from tablets-effect of 11 buffer- 
ing agents 0 Buffering agents-effect on aspirin dissolution from 
tablets 0 Tablet dissolution, aspirin-buffering agent effect 0 
Dissolution of aspirin tablets-effect of 11 buffering agents 


Buffering agents are used in tablet formulations to  
increase the dissolution and absorption of weak acid 
drugs such as salicylic acid, aspirin, and p-amino- 
salicylic acid as well as to  decrease gastric irritation of 
active ingredients. Scattered reports in the literature 
(1-5) have discussed the effects of some buffering agents 
on the disintegration times, dissolution, and gastric 
irritation of aspirin formulations. The buffering agents 
usually utilized in buffered tablets and associated with 
these reports have been antacid compounds such as di- 
hydroxyaluminum aminoacetate, magnesium carbonate, 
sodium bicarbonate, sodium citrate, or some combina- 
tion thereof. Although numerous buffering agents are 
available for tablet formulations, little effort has been 
made to  study and compare their effects on dissolution 
of active ingredients from solid dosage forms. 


Buffering agents can be classified according to  their 
physical behavior in water and dilute hydrochloric 
acid as follows: (a) no reaction in water but a reaction in 
dilute acid with evolution of carbon dioxide gas, (b)  
readily soluble in water and dilute acid, and (c) in- 
soluble in water but soluble to some extent in dilute 
acid. The purpose of this investigation was to investi- 
gate the effect of different buffering agents representative 
of these classes on the dissolution of aspirin from tablets. 


EXPERIMENTAL 


Materials-The aspirin' and starch' used in the study were USP 
grade. The aspirin used was separated into 60-80-mesh size 
particles using U. S. standard sieves. Sodium bicarbonate re- 
agent2, magnesium carbonate reagent', calcium carbonate USPI, 
sodium citrate reagent3, sodium axorbate', magnesium hydroxide 
NF', magnesium oxide (light) USP5, magnesium trisilicate USP6, 
dihydroxyaluminum aminoacetate NF6, dihydroxyaluminum so- 


1 Fisher Scientific Co. 
2 Allied Chemicals. 
3 Mallinckrodt Chemical Works. 
4 I< & I< Laboratorics. 
6 Merck & Co. 
6 Chattern Chemicals. 
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Figure 1-Percent aspirin dissoloed from tablets containing buffering 
agents (equioalent to 5 meq. of hydrochloric acid) which produce 
carbon dioxide in dilute acid and lrom starch control and lactose con- 
trol tablets. Key: in 0.1 N HCI-0, sodium bicarbonate; 0, mag- 
nesium carbonate; 0, calciitm carbonate; A, 142.5 mg. lactose; 
and V, starch; in distilled water-@, sodium bicarbonate; H, mag- 
nesiitm carbonate, ., calciirm carbonate; A, 142.5 mg. lactose; and 
V, starch. 


dium carbonate NF6, and aluminum hydroxide CP7 were used after 
passing through a 40-mesh screen. 


Preparation of Tablets-Compressed tablets were made by double 
compression with a hydraulic press*, using 2.86-cm. diameter 
test cylinders. Slugs were compressed at 1207 kg./cm. using a 
thoroughly mixed powder containing 9.75 g. of aspirin and 0.975 g. 
of starch and the desired amount of buffering agent. The slugs were 
subsequently broken into granules with a mortar and pestle, and 
a 20-40-mesh fraction of the granules was separated by sieving. 
An amount of granules containing 325 mg. of aspirin and 32.5 mg. 
of starch and an appropriate amount of buffering agent (equivalent 
to 2 or 5 meq. of hydrochloric acid) was accurately weighed and 
compressed at 947 kg./crn. using a 1.1-crn. (0.43-in.) shallow con- 
cave punch and die set. The finished tablets weighed between 357.5 
and 1347.5 mg., depending on the weight of buffering agent in the 
formulation. 


Two tablet formulations were used as controls. One formulation 
was a tablet containing 325.0 mg. of aspirin and 32.5 mg. of 
starch. The second control tablet contained, in addition to these 
ingredients, 142.5 mg. of lactose3 to give a 500-mg. finished tablet. 
The hardness of all tablets when tested with a hardness testers 
ranged between 9 and 15 kg. Disintegration tests on tablets were 
performed in 0.1 N HC1 using a USP XVIII disintegration ap- 
paratus without disks (6). 


Dissolution Studies-The modified beaker method consisted of a 
500-ml., three-necked round-bottom flask, with a 6-cm. hole cut in 
the center to accommodate the entrance of a 5-cm. propeller. A 
250-ml. quantity of dissolution medium (distilled water or 0.1 N 
HC1) preheated to 37" was added to the flask immersed in a water 


~ ~~~ 


7 J. T. Baker Chemical Co. 
8 Carver, model B. 
9 Pfizer. 
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Figure 2-Percent aspirin dissolved from tablets containing bufferitig 
agents (equicaletit to 2 meq. of hydrochloric acid) wliich produce 
carbon dioxide in dilute acid. Key: in 0.1 N HCI-0, sodium bi- 
carbonate; 0, magnesium carbonate; and 0, calcium carbonate; in 
distilled water-e, sodium bicarbonate; a, magnesium carbonate; 
and m, calcium carbonate. 


bath maintained at  37 i 0.5". A three-blade, stainless steel, 5-cm. 
diameter propeller was centered and immersed in the dissolution 
medium up to a depth of 2.7 cm. The stirrer was rotated at 55 r.p.m. 
by an electronic motor and monitored by a constant-speed torque 
control unitlo. The tablet was dropped into the dissolution medium 
through the side opening of the flask and came to  rest on the bottom 
of the flask directly under the propeller. Two-milliliter samples 
were withdrawn a t  appropriate time intervals and filtered through 
a Millipore filter unit containing a 0.45-p filter. A 2-ml. portion of 
dissolution medium was immediately added to replace the sample 
withdrawn. A correction factor was used in the calculations to 
account for the drug lost during sampling. A minimum of four runs 
was carried out on each experimental tablet and on control tablets. 


Assay Procedure-A 1.0-ml. sample was transferred to a 50-ml. 
volumetric flask containing 3 ml. of distilled water. A 0.5-ml. 
quantity of 50% w/v solution of sodium hydroxide was added to 
each flask and mixed throughly. After 15 min., 1.5 ml. of concen- 
trated hydrochloric acid was added and the volume was brought 
to the mark with 0.1 N HCl. The solutions were read on a spec- 
trophotometerll for salicylic acid at  302 nm. using an appropriate 
blank. The amount of aspirin dissolved at any time interval was 
calculated by comparison with a standard reference obtained by 
treating known solutions as the samples. 
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Figure 3-Percent aspirin dissolved from tablets containing readily 
water-soluble arid dilute acid-soluble bi(ffering agents equivalent to 
5 nreq. of hydrochloric acid. Key: in 0.1 N HCI-0, sodium citrate; 
and a, sodium ascorbate; in distilled water-e, sodium citrate; 
aiid #, sodium ascorbate. 


Master Servodyne Laboratory Drive System, Cole-Parmer Instru- 
ment Co. 


l 1  Beckman DU-2. 
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Figure &Percent aspirin dissolved from tablets cotitairring readily 
water-soluble and dilute acid-soluble buffering agents equivalerit to 2 
meq. of hydrochloric acid, Key: in 0.1 N H C I 4 ,  sodium citrate; 
and 0, sodium ascorbate; in distilled water-e, sodium citrate: and 
m, sodium ascorbate. 


RESULTS AND DISCUSSION 


In the present studies, 11 different buffering agents were investi- 
gated to  determine their effects on the dissolution of aspirin from 
tablets. The dissolution profiles of aspirin from tablets containing 
the various buffering agents are shown in Figs. 1-8. The data re- 
ported are theaverageof at  least four experimental runsoneach tablet 
formulation, and the variations in the amount of drug dissolved 
from one run to another were between & 5  and 16% during the 
first 20 min., after which the variations ranged between i 1 and 8 % 


Buffering Agents Giving No Reaction in Water but a Reaction in 
Dilute Acid with Evolution of Carbon Dioxide-As seen in Figs. 1 
and 2, dissolution of aspirin observed in 0.1 N HCl and distilled 
water from sodium bicarbonate, magnesium carbonate, and cal- 
cium carbonate formulations was very rapid. The amount of aspirin 
dissolved from tablets containing these buffering agents was gen- 
erally 80% or more in the first 5 min. both in 0.1 N HCl and dis- 
tilled water, with the exception of magnesium carbonate (2 meq.) 
in 0.1 N HCl. 


Somewhat lower aspirin dissolution was observed in 0.1 N HCI 
than in distilled water with the carbon dioxide-producing formula- 
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Figure 5-Percent aspirin dissolced from tablets containing buffering 
agents (equicalent to 5 rneq. of kydrochloric acid) insoluble in water 
but soluble to some extent in dilute acid. Key: in 0.1 N HCI-0, 
magnesium hydroxide; 0, magnesium oxide; and 0, magnesium tri- 
silicate: in distilled water-e, magnesium hydroxide: m, mag- 
nesium oxide; and 0, magnesium rrisilica re. 
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Figure 6-Percent aspirin dissolved from tablets containing buffering 
agents (equivalent to 2 meq. of hydrociiloric acid) insoluble in water 
but soluble to some extent i n  dilute acid. Key: in 0.1 N HC1-0, 
magnesium hydroxide; 0, magnesium oxide; arid 0, magnesium 
trisilicate; in distilled water-e, magnesium hydroxide; 8, mag- 
nesium oxide; and ., magnesium trisilicate. 


tions. A probable explanation is that the buffering agents react 
and are neutralized by the hydrochloric acid and, consequently, 
there is little or no reaction with the aspirin in solution. However, 
the same buffering agents in distilled water react with the aspirin 
and thereby increase the dissolution of the acid drug. 


The dissolution of aspirin in dilute hydrochloric acid and water 
from all three buffering agent formulations was much faster than 
that of the control tablets. 


Buffering Agents Readily Soluble in Water and Dilute Acid-The 
dissolution curves for tablets containing sodium ascorbate and 
sodium citrate (equivalent t o  5 and 2 meq. of hydrochloric acid) in 
0.1 N HCI and water are depicted in Figs. 3 and 4. The dissolution 
of aspirin from both these buffering agent formulations was much 
faster than the control tablets. This can be attributed to  the rapid 
increase in pH in the immediate vicinity of the aspirin particles 
brought about by the rapid and complete solubility of these buffer- 
ing agents. 


It has been reported in the literature (7-1 1) that solution rates of 
sodium and calcium salts of aspirin are much greater than the acid. 
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Figure 7-Percent aspirin dissolved from tablets coritaining buffering 
agents (equicaleiit to 5 meq. of hydrochloric acid) insoluble in water 
but soluble to some extent in dilute acid. Key: in 0.1 N H C l 4 ,  
dihydroxyalitmini~m amiiioaceiate; 0, dihydroxyalumimm sodium 
carbonate; and 0, aluminum hydroxide: in distilled water-e, 
diliydroxyaiuminum aminoacetate; m, dihydroxyaluminum sodium 
carbonate; and 0, aluminum hydroxide. 
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Figure 8-Percetrt aspirin dissolved from tablets containing buffering 
agents (equicalent to 2 meq. of RydrochIoric acid) insoluble in water 
but soluble to some extent iii dilute acid. Key: in 0.1 N HC1-0, 
dihydroxyaluminum amiiioacetate: O, diliydroxyalumir~um sodium 
carbonate; and 0, aluminum hydroxide; in disrilled wafer-*, di- 
Iiydroxyaluminum aminoacetate; m, dihydroxyaluminum sodium 
carbonate; and 0, allmiinurn hydroxide. 


The results of aspirin dissolution from tablets containing sodium 
ascorbate and sodium citrate as buffering agents are in agreement 
with these findings. These buffering agents increase the solution 
rate of aspirin by raising the pH of the medium around the site of 
dissolution. In the stomach these buffering agents help to solubilize 
aspirin by making a soluble salt, which in the acidic environment 
would change into the acid form and be precipitated in the form of 
very small particles, exposing a large surface area. The well-dis- 
persed particles have a tendency to redissolve quickly, resulting in 
rapid absorption and reduced gastric irritation (4). 


Buffering Agents Insoluble in Water but Soluble to Some Extent in 
Dilute Acid-Dissolution profiles for magnesium hydroxide, mag- 
nesium oxide, and magnesium trisilicate are presented in Figs. 5 
and 6. Faster dissolution of aspirin was observed in 0.1 N HCI 
than in distilled water from tablets containing these magnesium 
compounds. This is probably due to the fact that magnesium com- 
pounds are water insoluble but are soluble to some extent in dilute 
acid. The dissolution of aspirin from tabletscontaining the magnesium 
compounds was greater than the control tablets containing lactose. 
With the exception of magnesium hydroxide (at the 5-meq. level), 
the dissolution in distilled water of aspirin from magnesium com- 
pound formulations was slower than the lactose control tablets. 


An interesting phenomenon was observed for magnesium tri- 
silicate formulations. More rapid dissolution of aspirin was observed 
at  the 2-meq. level than the 5-meq. level in both dilute hydrochloric 
acid and distilled water. A possible explanation might be the fact 
that some of the trisilicate compound forms a gelatinous mass (prob- 
ably silicic acid) in aqueous media and thereby hinders dissolution 
of the aspirin. The amount of gelatinous material formed would be 
greater a t  the 5-meq. level than the 2-meq. level. 


The dissolution profiles of aspirin from formulations containing 
aluminum compounds are given in Figs. 7 and 8. Of all the alu- 
minum compounds studied, the fastest dissolution of aspirin was 
observed for the dihydroxyaluminum sodium carbonate formula- 
tion. Slight effervescence was observed when the tablets containing 
dihydroxyaluminum sodium carbonate were tested in dilute hydro- 
chloric acid and distilled water, and this phenomenon may account 
for the more rapid dissolution of the active ingredient. Formula- 
tions containing dihydroxyaluminum aminoacetate gave faster 
aspirin dissolution in dilute hydrochloric acid than in distilled 
water. The use of aluminum hydroxide in formulations resulted in a 
slightly lower aspirin dissolution in 0.1 N HCI than in distilled water. 


Tablets containing dihydroxyaluminum aminoacetate gave faster 
dissolution in 0.1 N HCI than did control tablets, while the same 
tablets in distilled water resulted in significantly slower dissolution 
than control tablets. Similarly, faster dissolution was observed by 
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Levy (2) in 0.1 N HCl at the end of 10 min. from tablets containing 
dihydroxyaluminum aminoacetate and magnesium carbonate than 
from plain tablets. Slower aspirin dissolution was observed in 
dilute hydrochloric acid and water from formulations containing 
aluminum hydroxide than from control tablets. In general, the 
slower dissolution of aspirin with aluminum compounds observed 
during this investigation substantiates the results of Cummings 
er a / .  ( 1  2), who reported that solution rates of aspirin from alu- 
minum aspirin in buffer solutions of pH 2-8 were lower than that 
of aspirin. Levy (13) explained incomplete and slow absorption of 
aspirin from orally administered aluminum aspirin on the basis of 
very slow dissolution in the GI  tract. 


The effect of different concentrations of aluminum hydroxide on 
the dissolution of aspirin was similar t o  that of magnesium tri- 
silicate. Faster dissolution was observed at the 2-meq. level than 
at  the 5-meq. level in both dilute hydrochloric acid and water. 
This might be due to  the formation of a larger amount of alu- 
minum hydroxide gel a t  the 5-meq. level which might have impeded 
the dissolution of aspirin. 


Comparison of Classes of Buffering Agents-In general, carbon 
dioxide-producing buffering agents such as sodium bicarbonate, 
magnesium carbonate, and calcium carbonate gave more rapid 
dissolution of aspirin that the readily soluble buffering agents such 
as sodium citrate and sodium ascorbate and the water-insoluble 
buffering agents such as magnesium and aluminum compounds. 
This might be explained by the fact that effervescence probably 
produces rapid and complete release of the active ingredient into its 
primary particles, allowing rapid dissolution of the aspirin. 


Buffering agents readily soluble in water and dilute acid gave more 
rapid aspirin dissolution as compared to those of magnesium and 
aluminum compounds. The amount of aspirin dissolved from tablets 
containing magnesium compounds was generally higher than the 
amount of aspirin dissolved from tablets containing aluminum 
compounds, with the exception of dihydroxyaluminum sodium 
carbonate. The dissolution of aspirin from tablets containing alu- 
minum hydroxide was the slowest observed of all the buffering 
agent formulations studied. Based on the observations of this 
study, it is evident that not all of the buffering agents would enhance 
the dissolution of aspirin from tablets. Care must be taken in the 
selection of a suitable buffering agent in appropriate quantities to 
achieve maximum dissolution effect. 


SUMMARY 


1. Eleven different compounds representing various classes of 
buffering agents were studied with respect to their effects on the 
dissolution of aspirin from tablet formulations. 


2. The descending order of aspirin dissolution in 0.1 N HC1 
from tablets containing 5 meq. of buffering agent was found to he: 
calcium carbonate = magnesium carbonate > sodium bicarbonate 
> sodium citrate = sodium ascorbate > dihydroxyaluminum so- 
dium carbonate > magnesium hydroxide > magnesium oxide > 
dihydroxyaluminum aminoacetate > magnesium trisilicate > 
aluminum hydroxide. 


3. The descending order of aspirin dissolution in 0.1 N HCI 
from tablets containing 2 meq. of buffering agent was found to be: 
calcium carbonate > sodium bicarbonate > magnesium carbonate 
> sodium citrate > sodium ascorbate > dihydroxyaluminum 
sodium carbonate > magnesium trisilicate > dihydroxyaluminum 
aminoacetate > magnesium hydroxide > magnesium oxide > 
aluminum hydroxide. 


4. The descending order of aspirin dissolution in distilled 
water from tablets containing 5 meq. of buffering agent was found 
to  be: sodium bicarbonate > calcium carbonate = magnesium 
carbonate > sodium citrate > sodium ascorbate > dihydroxy- 
aluminum sodium carbonate > magnesium hydroxide > magnesium 
oxide > magnesium trisilicate > dihydroxyaluminum aminoacetate 
> aluminum hydroxide. 


5. The descending order of aspirin dissolution in distilled 
water from tablets containing 2 meq. of buffering agent was found 
to be: calcium carbonate = sodium bicarbonate > magnesium 
carbonate > sodium citrate > sodium ascorbate > dihydroxyalu- 
minum sodium carbonate > magnesium oxide > magnesium tri- 
silicate > magnesium hydroxide > dihydroxyaluminum amino- 
acetate > aluminum hydroxide. 
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Effects of Nylidrin in Endotoxin Shock 


ANJANEYULU S.  TADEPALLI and JOSEPH P .  BUCKLEY. 


Abstract Endotoxin shock was induced in anesthetized mongrel 
dogs by the intravenous injection of Escherichiu coli endotoxin. 
Although nylidrin, 0.25 mg./kg. administered intravenously a t  the 
termination of the initial hypotensive stage, did decrease mortality 
due to endotoxin-induced shock, the reduction in mortality was not 
statistically significant. Therefore, it appears that this 8-adrenergic 
stimulant does not prevent the lethal effects of endotoxin-induced 
shock in dogs. 


Keyphrases IJ Endotoxin shockbeffect of intravenously adminis- 
tered nylidrin 0 Nylidrin- effect on endotoxin-induced shock 0 
8-Adrenergic stimulants--effect of nylidrin on endotoxin-induced 
shock 


Intravenous administration of Gram-negative bac- 
terial endotoxin to dogs produces characteristic 
circulatory changes including hepatic venoconstriction, 
portal hypertension, splanchnic pooling, diminished 
venous return, and lowered arterial blood pressure (1,2). 


Hinshaw and Bradley (3) and Hinshaw et al. (4) re- 
ported that administration of Escherichiu coli endotoxin 
in dogs decreased renal blood flow, glomerular filtration, 
and tubular transport. Injection of endotoxin directly 
into the renal artery produced a direct renal vaso- 
constriction, which could in most instances be pre- 
vented by infusion of phentolamine hydrochloride into 
the renal artery (5 ) .  E .  coli endotoxin may have a direct 
depressant effect on myocardial contractility (6) ;  how- 
ever, Maclean and Weil (7) indicated that the initial 
precipitous fall in blood pressure was due to  pooling of 
blood in the portal system, causing a drop in venous 
return and a subsequent decrease in  cardiac output. 
More recent evidence suggests that endotoxin does not 
produce a direct cardiotoxic effect (8). 


Mortality in septic shock is high i n  patients with com- 
promised myocardial or renal function, and deteriora- 
tion and death are frequently associated with pro- 
gressive myocardial and renal failure (9). Reversal of 
these changes has been attempted with a variety of 
agents, including isoproterenol, a potent /3-adrenergic 
stimulant which reversed the severe hemodynamic and 
pulmonary alterations in dogs and sheep (10). Starjecki 
er al. (1 1) reported that isoproterenol reduced mortality 
of endotoxin shock in  dogs and that pretreatment was 
more effective than treatment after administration of the 
endotoxin. They found an improvement in  cardio- 
vascular function and a marked increase in  urine output, 
suggesting decreased renal resistance. 


There are conflicting reports concerning the use of 
isoproterenol in  shock. Isoproterenol may induce 
myocardial insufficiency because it often produces 
excessive tachycardia and increased myocardial oxygen 
consumption. Grega and Kinnard (12) reported that 
administration of isoproterenol during hemorrhagic 
shock produced cardiac arrhythmias in some of the 


Table I-Effect of Nylidrin on the Mortality Rate 
in Endotoxin-Induced Shock in Dogs" 


Endo- Endo- Death 
toxin toxin. _. Nurnber of Deaths Rate, 
Batch mg./kg. Group Number Treated- 


1 2 . 5  Conf rol 7/10 70 
Treated 216 33 


71 
71 


2 2 . 0  Control 517 
Treated 517 


80 
60 


3 2 .0  Control 4/5 
Treated 315 


Mean treated 10/18 5 5 . Y  
Mean control 16/22 72. 7b 


a E. coli endotoxin. * Difference in death rate not significant when 
data subjected to chi-square test. 


dogs, which in certain circumstances leads to ventricular 
fibrillation. 


Nylidrin, another P-adrenergic stimulant, may have 
some advantages over isoproterenol for it is a less potent 
cardiac stimulant and produces marked peripheral 
vasodilatation without causing cardiac arrhythmias or 
excessive tachycardia. Gregd et al. (12, 13) reported that 
nylidrin produced significant protection against hemor- 
rhagic shock in dogs. Nylidrin maintained cardiac 
output and mesenteric and renal flows during hypo- 
volemic-induced shock while markedly reducing sys- 
temic vascular resistance (12, 13). This agent is assumed 
to produce a more favorable distribution of blood flow 
by lowering vascular resistance. 


The purpose of this study was to investigate the effects 
of nylidrin in  endotoxin-induced shock in  dogs. 


EXPERIMENTAL 


Adult mongrel dogs. 8-1 5 kg., of either sex were anesthetized with 
sodium pentobarbital, 35 mg./kg. i.v.. with all experiments con- 
ducted on pairs of animals. A femoral artery was catheterized with 
a polyethylene catheter, and arterial blood pressure was monitored 
using a transducer1 connected to a polygraph2. All injections were 
made cia a femoral venous catheter. A single intravenous injection 
of 2.0 or 2.5 mg./kg. of body weight of E. coli endotoxin3 in normal 
saline was given rapidly. One of the pair:; of the dogs received 0.25 
mg./kg. of nylidrin intravenously when the animal started to re- 
cover from the initial episode of hypotension (approximately 30 
min. after endotoxin administration), and the other dog received an 
equal volume of normal saline. Femoral arterial and venous blood 
samples were collected at  selected time intervals; PO,, $ 0 2 ,  and 
pH were determined using a blood gas arialyzer'. After 3-4 hr., the 
incisions in the surviving dogs were sutured closed and the dogs 
were returned to their home cages and observed for 24 hr. Animals 
alive 24 hr. following endotoxin treatment were considered sur- 
vivors. 


1 Statham. 
2 Grass. 
3 Difco. 
4 Radiometer-Copenhagen. 
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Table II-Percent of Mean Control Systemic Blood Pressure in Dogs4 Treated with Endotoxinb 


Percent of Mean Control Systemic Blood Pressure + SE after Endotoxin Administration 
Control 
Period, 


Group 0 min. 5 min. 30 min. 60 min. 90 min. 120 min. 150 min. 180 min. 240 min. 


Survived(N=7) 100 4 6 . 8 k 1 1 . 6  7 3 . 1 f 6 . 8  6 2 . 4 z t 5 . 8  4 9 . 8 & 5 . 5  5 0 . 4 3 ~ 6 . 5  5 2 . 5 3 ~ 5 . 3  5 8 . 2 + 4 . 8  7 0 . 5 i 5 . 3  
Dead (N = 12) 100 56.1 f 8.0 73.5 f 4.1 54.8 f 5.1 40.9 =I= 3.1  40.9 Zt 2.8 45.7 f 3.2 46.7 f 3.3c 53.9& 4 . 3 ~  


~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ 


a Only dogs surviving more than 240 min. after endotoxin are included. b Data include both nylidrin-treated (0.25 mg./kg.) and saline-treated ani- 
mals. c These values are significantly lower than the corresponding values from the group of dogs surviving when data wcxe subjected to Student’s 
t test ( p  < 0.05). 


Table 111-Percent of Mean Control Systemic Blood Pressure in Control Dogs and in Dogs Treated with Nylidrin 
(0.25 mg./kg. i.v.) 30 min. after Endotoxha 


-Percent of Mean Control Systemic Blood Pressure j= SE after Endotoxin Administration-- 
Control 
Period, 


Group 0 min. 5 min. 30 min. 60 min. 90 min. 120 min. 150 min. 180 min. 240 min. 


Control(N= 11) 100 5 3 . 7 f 8 . 8  7 3 . 4 3 ~ 4 . 8  5 3 . 2 f 5 . 1  3 8 . 6 f 2 . 9  40.1zk2.9 46 .4Zt3 .5  4 9 . 2 3 ~ 3 . 7  5 9 . 9 4 ~ 4 . 6  
T r e a t e d ( N = 8 )  100 5 1 . 4 f 1 0 . 4  73.31-5.3 6 3 . 7 f 5 . 6  5 1 . 8 1 k 4 . 6 ~  5 0 . 3 i 5 . 7  50.71-4.8 5 3 . 2 f 4 . 9  6 0 . 1 h 6 . 6  


~ ~~ 


a Only dogs that survived more than 240 min. after endotoxin are included. * This value is significantly higher than the corresponding control value 
when data were subjected to analysis using Student’s t test ( p  < 0.025). 


RESULTS 


The effects of nylidrin on the mortality of endotoxin-induced 
shock are summarized in Table I. Preliminary data obtained with 
the first batch of endotoxin suggested that nylidrin afforded protec- 
tion against the lethal effects of the toxin; however, subsequent ex- 
periments indicated that the compound failed to  attenuate the lethal 
effects of endotoxin-induced shock in dogs. Statistical analysis of 
the pooled data using the chi-square test indicated that nylidrin did 
not significantly reduce mortality induced by E. coli endotoxin. The 
percents of the mean control systemic blood pressure of dogs that 
died and of those that survived the endotoxin shock are shown in 
Table 11. In both groups of dogs, blood pressure fell sharply follow- 
ing administration of the endotoxin and then slowly recovered to 
approximately 73 of the control value at 30 min. Systemic blood 
pressure of the dogs that eventually died dropped to 40.9 % of the 
control value 90 min. following administration of the endotoxin and 
then slowly recovered to 53.97, of control levels at  240 min. 


In the dogs that survived the endotoxin shock, blood pressure was 
not as markedly affected, reaching 49.8% of control values at  90 
min. and then slowly recovering to 7 0 S x  of the control level 240 
min. following endotoxin administration. The arterial blood pres- 
sure in the surviving animals was significantly higher at  180 and 
240 min. after endotoxin administration than in those animals that 
eventually died ( p  < 0.05). Examination of the time course of the 
mean systemic blood pressure of control and nylidrin-treated ani- 
mals (Table 111) indicated that administration of nylidrin appeared 
to have slowed the rate of development of the hypotensive stage. 
The systemic blood pressure in nylidrin-treated animals reached a 
value of 51.8 % of control and was significantly higher than the cor- 
responding value of 38.6% of control blood pressure in the animals 
that were not treated ( p  < 0.025). However, in the later stages, 
there was no difference between the two groups of animals. 


Arterial acidosis developed in all animals following endotoxin 
administration, and nylidrin failed to correct this alteration in blood 
pH. There was a decrease in arterial pCOn, which was slightly 
greater in the nylidrin-treated group, suggesting respiratory com- 
pensation of the metabolic acidosis. 


DISCUSSION 


These studies indicate that nylidrin did not significantly reduce 
mortality caused by E.  coli endotoxin, although isoproterenol, an- 
other 0-adrenergic stimulant, was reported to  be effective (10, 11, 
14). Knowledge of the basic mechanisms involved in the onset and 
progression of irreversible endotoxin shock is incomplete. Various 
vasoactive hormones which are released in an attempt to compensate 


for, or as a result of, the delayed effects of the endotoxin have been 
implicated (15) in endotoxin shock. A deficient blood supply to vital 
organs, either as a result of excessive vasoconstriction or of pre- 
capillary shunting, was reported as the major cause of irreversible 
shock (1). Stagnation of blood and increased hematocrit are other 
contributing factors (2). It was reported by this laboratory (12, 13) 
that nylidrin is capable of protecting dogs against hemorrhagic 
shock by maintaining cardiac output and mesenteric and renal 
flows in the presence of hypotension. It also lowered systemic vascu- 
lar resistance, prevented GI distension and necrosis, and decreased 
the degree of metabolic acidosis. The lack of efficacy of this drug in 
endotoxin shock reflects the complexity o f  this shock syndrome. 


Systemic blood pressure changes following endotoxin adminis- 
tration in these experiments were similar to the changes reported in 
the literature. The course of blood pressure in dogs that survived 
endotoxin shock differed somewhat from that of the animals that 
eventually died. The second phase of hypotension in the surviving 
animals developed more gradually, and the degree of hypotension 
was not as profound as in the other group of dogs. This severe and 
prolonged hypotension appears to be an  important Factor contribut- 
ing to the mortality in endotoxin shock. The precipitously low blood 
pressure would cause a profound decrease in tissue perfusion, 
thereby causing irreversible damage and eventually death. In those 
animals that survived, the systemic blood pressure, although lower 
than control values, was still significantly higher at I80 and 240 min. 
following endotoxin administration than in the dogs that died 
within the 24-hr. observation period. 
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Structure of Sanguidimerine, a New Major 
Alkaloid from Sanguinaria canadensis (Papaveraceae) 


M. TIN-WA, H. H. S .  FONG, D .  J .  ABRAHAM*, J .  TROJANEKt, and N .  R .  FARNSWORTH' 


Abstract 0 Structure elucidation of a new major alkaloid, san- 
guidimerine, was based on the interpretation of its physical and 
chemical characteristics and was verified by partial degradation and 
semisynthesis. The possibility of the natural occurrence of sangui- 
dimerine in Suriguirlarin cariaderisis is also discussed. 


Key phrases Satiguimrh ca/icde~rsis (Papaveraceae)-structure 
elucidation of sanguidimerine 0 Sanguidimerine. alkaloid from 
Smrguimria camdensis- -structure 0 Alkaloids-structure of san- 
guidimerine isolated from Sauguirrarin carrudemis 


During a continuing search for anticancer compounds 
from plants, an investigation was initiated on the rhi- 
zomes of Sunguinuriu canadensis because o f  its reputed 
use as a folk remedy and because certain alkaloids 
(e .g . ,  sanguinarine and chelerythrine) present in S. 
canadensis have been shown to possess antitumor 
activity (I).  The study resulted in the isolation of 
sanguinarine and a new alkaloid designated as SC-2, 
which was assigned the trivial name sanguidimerine (2). 


This report concerns the structure elucidation of 
sanguidimerine. 


DISCUSSION 


Sanguidimerine ( I ) ,  a crystalline base, m.p. 174', [a]? +21.2" 
(concentration 0.5 in pyridine), was found to  be only slightly soluble 
in most organic solvents and insoluble in water. It was determined 
earlier (2) that the UV absorption of this base (Table I )  was very 
similar to that of the benzophenanthridine-type alkaloids and, par- 
ticularly, to  that of dihydrosanguinarine (3). A nonconjugated car- 
bony1 was evidenced by a strong absorption at  1710 cm.-I in the 1R 
spectrum. 


Analysis by means of high resoliition mass spectrornelry (Tables 
11 and 111) showed that I exhibited a molecular peak at m/e 720, 


Table I--UV Spectra of Sanguidimerine and 
Dih ydrosanguinarine 


Alkaloid A,nax. nm. (log 4 Reference 


Sanguidimerine 235 (4.65); 2R4 (4.63); 323 (4.23) 2 
Diliydrosanguinarine 236 (4.62); 284 (4.62); 323 (4.28) 3 


corresponding with a molecular formula of C43H3zNnO!, (Table 111). 
During the fragmentation (Scheme I), hydrogen transfer occurred. 
producing an ion at m/e 389 which was consistent as heing identical 
to acetonyl dihydrosanguinarine, C2-HI.,NOj, and which further 
fragmented to give a base peak at  nt/e 332 This latter peak was veri- 
fied by high resolution measurements (Ta.ble 111) to be C,oHlrN04, 
i.e., the sanguinarium ion (ion h). Formation of the sanguinarium 
ion was further evidenced by the presencc of some diagnostic ions, 
r ,  d ,  and e ,  at m/e 317 (ion h- 15). 259 (ion b - 15 - 58). and 201 
(ion b - 58 - 58 - IS). which were previously observed in the 
mass spectrum of sanguinarine pseudocyanide and related bases by 
Slavik ei a / .  (4). 


Treatment of 1 with hydriodic acid yiclded sanguinarine as the 
iodide, and the stoichiomctric ratio suggested that one part of 
sanguidimerine ( I )  produced two parts of sanguinarine iodide, which 
further established that the two parts of the dimer were identical 
(dihydrosanguinarine moiety) and were linked together by means 
of a C3H;O group which contained a carbonyl function. 


Previously, a similar benzophenanthridine dimer alkaloid ( 5 )  was 
isolated from Chrliodonium mcrjus. Upon comparison, it was found 
that these two alkaloids. sanguidimerine ( I )  and chelidimerine, pro- 
vided Identical IR,  UV. and mass spectra.. However, they differed 
with respect to melting points (174" ccrsus 258-260"), solubility 
characteristics, and optical rotations. While sanguidirnerine was 
only slightly soluble in most organic solvents, chelidimerine was 
readily soluble in these solvents. A positive specific rotation was 
observed for sanguidimerine, whereas chelidimerine was optically 
inactive. It was, therefore, logical to assume that these two bases 
were isomers, sanguidimerine being the optically active (+) com- 
pound. Preliminary single-crystal X-ray crystallographic data sug- 
gested that chelidimerine was a meso-compound (5). The data thus 
suggested sanguidimerine ( I )  to be ( + ) - I  ,3-bis(l l-hydrosanguin- 
ariny1)acetone. 


Table 11--Mass Spectrometric Data for Sanguidimerine 


Abundance, %a mle 


720 
389 
362 
332 
317 
316 
274 
259 
20 1 


4 
2 
2 


100 
12 
2 
4 
3 
3 


= Spectra were obtained using a double-focusing mass spectrometer 
MS9. Allied Electrical Instrurnent Industries 1-td., Manchester. England. 








Synthesis and Growth-Promoting Activity of 
dl-cis-Hexahydro-4- (4-carboxybutyl) -2- 
cyclopentimidazolone: Carbobiotin 


HENRY C. WORMSER*., SANGTHONG ISRASENA*, 
MEREDITH S. MEILINGt, CRAIG WILLIAMS?, and D. PERLMANt 


Abstract 0 A carbon analog of biotin was prepared and evaluated 
in three microorganism test systems. The racemic compound was 
found to  have about 15% the growth-promoting activity of d- 
biotin under conditions where biotin limited growth. 


Keyphrases Carbobiotin [dl-cis-hexahydro-4~(4carboxybutyl)-2- 
cyclopentimidazolone]--synthesized and evaluated for growth- 
promoting activity 0 d-cis-Hexahydrc~4-(4-carboxybutyl)-2-cyc1o- 
pentimidazolone (carbobiotin>-synthesized and evaluated for 
growth-promoting activity 0 Growth-promoting activity-syn- 
thesis and evaluation of carbobiotin 


Relatively few compounds prepared to date have the 
ability to substitute for the cofactor biotin (I). The 
methyl ester shows essentially the same growth-promot- 
ing activity as free biotin in  many microorganisms, 
whereas oxybiotin, desthiobiotin, biocytin, and biotin 
sulfoxide exhibit only a limited degree of activity. The 
majority of analogs prepared possess antivitamin prop- 
erties. Furthermore, the importance of the sulfur atom 
is still being debated (1, 2), whereas there is little doubt 
that the stereochemical features of the molecule have a 
direct bearing on the biochemical behavior of the 
vitamin. 


DISCUSSION 


In preceding publications (3, 4), an approach to the pyrrolo- 
[3,Cd]imidazole nucleus was presented. The method described was 
applied in the present synthesis of the title compound, dl-cis. 
hexahydro-4-(4-carboxybutyl)-2-cyclopentimidazolone, hereafter re- 
ferred to as carbobiotin (XI) (Scheme I). 
3-(4-Phenoxybutyl)-2-oxocyclopentanecarboxy1ic acid methyl 


ester (11) ( 5 )  was first converted to  the enamine I11 by condensation 
with ammonium formate. Following acetylation with acetic an- 
hydride and pyridine, the cyclopentene system was reduced over 
freshly prepared W-2 Raney nickel to the acetarnido ester V. Under 
similar conditions, reduction utilizing Adams' catalyst proved 
extremely slow and incomplete. Hydrazinolysis of the ester V was 
achieved in good yield by heating the ester in the presence of hy- 
drazine hydrate a t  60" for 12 hr. The reason for keeping the tem- 
perature low in this particular reaction was to prevent isomeriza- 
tion, since such a reaction has been known to  occur during higher 
temperature hydrazinolysis of certain cis-vicinal diesters (6) and 
cis-acetarnido esters (4). 


Conversion of the hydrazide VI to the azide, followed by Curtius 
rearrangement of this intermediate, afforded the bicyclic ureide 
VII in 49 yield. Cleavage of the phenoxy ether linkage was carried 


n 


HCOONH, ___, 


I1 


acetic anhydride 
pyridine 


I11 
0 


C ~ N H - C - C H ,  II 
HA, Raney Nib 


COzCH II wH-c-CH" NH,NH, 
__c 


0 0  


HN' 


0 


VIII IX I NaCN 
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Table I-d-Biotin Activity of dl-Carbobiotin and Related Activity of Compounds in Terms of d-Biotin under Test Conditions 


-L. plantarwn ATCC 8014- 
Com- With With Com- With 
pound Oleic With Compound Oleic With pound Oleic With 


-S. cerevisiae ATCC 7754-- --M. echinata ATCC 11973- 


Compounds Tested Alone, Acid, % Avidin, Alone, % Acid, % Avidin, % Alone, % Acid, % Avidin, % 


dl-Carbobiot in 12 20 0 15 25 0 15 20 15 
dl-Oxybiotin 10 23 0 11 22 0 13 25 18 
dl-Desthiobiotin 0 n.t.a n.t. 15 25 0 16 23 15 


5 net. = not tested. 


out utilizing 48% hydrobromic acid in glacial acetic acid on either 
VII or the desacetyl VIII. The bromobutyl derivative IX was then 
converted to the corresponding cyanobutyl X, and base hydrolysis 
of the latter afforded dl-carbobiotin (XI) in 83 2 yield. 


dl-Carbobiotin was evaluated as a growth factor for d-biotin- 
requiring microorganisms in comparison with d-biotin, dl-oxy- 
biotin, and dl-desthiobiotin' (7,8). The potency of these compounds 
was determined using the turbidimetric Lactobacillus plantarum 
(ATCC 8014) method (using Difco biotin assay broth) (9), Sac- 
cliarornyces cereuisiae (ATCC 7754) [grown in the medium described 
by Hertz (lo)], and Memnoniella eclzinala (ATCC 11973) [grown 
under the conditions described by Perlman (1 l)]. 


The tests (Table I) show that for these test organisms, dl-carbo- 
biotin has approximately 15% of the potency of d-biotin. When 
oleic acid was present ( 5  mcg./l.), the organisms were more sensitive 
to dl-carbobiotin, a response previously noted by Williams and 
Fieger (12) for d-biotin effects on microorganisms. Addition of 0.13 
unit of avidinl to tubes of media containing 10 ng. of dl-carbobiotin 
completely inhibited growth response to the carbobiotin. 


In these bioassay systems, dl-oxybiotin had about 10% the activity 
of d-biotin for these test organisms [as was previously reported (7, 
ll)], and dl-desthiobiotin promoted the growth of the yeast and the 
mold but not theL. plutrtarum. Addition of oleic acid to the medium 
enhanced the growth-promoting activity of oxybiotin and of des- 
thiobiotin, while avidin counteracted the activity of the oxybiotin 
for the yeast and the bacteria but not for the mold. 


These studies show that either carbon or oxygen can replace 
the sulfur of biotin without affecting qualitatively its growth- 
promoting activity for microorganisms. Examination of the growth- 
promoting factor in L. plantarum cells grown on dl-carbobiotin- 
containing media showed the presence of carbobiotin-like sub- 
stances as determined by bioautographs of thin-layer chromato- 
grams. 


EXPERIMENTAL3 
Acid 


Methyl Ester ( I I I t A  solution of 5.91 g. (0.02 mole) of 3-(4- 
phenoxybutyl)-2-oxocyclopentanecarboxylic acid methyl ester 
(11) (5) and 10.0 g. (0.16 mole) of ammonium formate in 100 ml. of 
absolute ethanol was refluxed for 24 hr. Evaporation of the solvent 
under reduced pressure afforded an oily crystalline residue. The 
product was treated with 50 ml. of water to dissolve the excess un- 
reacted ammonium formate, and the reaction product was extracted 
with chloroform. The chloroform extract was washed with water, 
saturated sodium chloride solution, and dried over anhydrous 
sodium sulfate. Evaporation of the solvent afforded 5.18 g. (88%) 
of a light-yellow viscous oil which resisted crystallization. The UV 
spectrum showed A::tH 278 nm. ( 6  15,786). The IR spectrum showed 
bands at 3521, 3356, 1724, and 1667 cm.-'. 
3-(4-Phenoxybutyl)-2-acetamido- 1 - cyclopentenecarboxylic Acid 


Methyl Ester (1V)-A solution of 4.25 g. (0.015 mole) of 111 in 10 
ml. of acetic anhydride containing 5 ml. of dry pyridine was heated 
on a steam bath for 2 hr. The excess reagents were removed iu uucuo, 
and the brown oily residue was dissolved in chloroform and washed 


344 - Phenoxybutyl) - 2 - amino - 1 - cyclopentenecarboxylic 


1 d-Biotin, dl-oxybiotin, and dl-desthiobiotin were gifts of Dr. W. R. 
Sullivan, Hoffmann-La Roche, Inc., Nutley, N. J. 


3 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 DKZA recording spectro- 
photometer. IR absorption spectra were recorded in chloroform (unless 
otherwise specified) on a Beckman model 8 recording spectrophotom- 
eter. Microanalyses were carried out by Spang Microanalytical Lab- 
oratory, Ann Arbor, Mich. TLC was carried out with silica gel G and 
silica gel HFtsr + 366 (Brinkmann Instruments). 


Sigma Chemical Co., St. Louis, Mo. 


successively with 2 N hydrochloric acid, 10% sodium carbonate, and 
water. Following drying over anhydrous sodium sulfate, the chloro- 
form solution was evaporated to dryness, leaving a viscous yellow 
oil (4.5 g.). Column chromatography on silica gel, using benzene as 
the eluent, yielded 2.77 g. (5773 of a pale-yellow oil. This oil, 
which showed a single spot on TLC, could not be crystallized. The 
UV spectrum showed xF2H 279 nm. (t 16,000). The IR spectrum 
showed bands at 3311, 1695, 1667, and 1618 cm.-'. 


cis-3-(4-Phenoxybutyl)-2-acetamidocyclopentanecarboxy~c Acid 
Methyl Ester (V)-A solution of IV (1.30 g., 3.92 mmoles) in 100 
ml. of absolute ethanol was hydrogenated in a Parr shaker over ap- 
proximately 3 g. of freshly prepared W-2 Raney nickel for 50 hr. 
Following filtration of the catalyst and evaporation of the solvent 
under reduced pressure, 1.10 g. of a thick, colorless oil was obtained. 
The reduction product showed a single spot on TLC (2% methanol 
in chloroform). Crystallization from ether afforded 0.96 g. (7573 of 
colorless crystals, m.p. 106-109". The UV spectrum showed 
AgzE 271 nm. (E 1635). The IR spectrum showed bands at 3413, 
1727, and 1669 cm.-'. 


Anal.-Calc. for C1,H2,N04: C, 68.43; H, 8.18; N, 4.20. Found: 
C, 68.40; H, 8.17; N, 4.15. 


cis-Hexahy dro-3-acetyl-4-(4-phenoxybutyl)- 2 - cyclopentimidazo- 
lone (VI1)-A solution of 2.0 g. (6.0 mmoles) of the ester V in 15 
ml. of 95% ethanol was treated with 5 ml. of hydrazine hydrate at 
60" for 12 hr. Evaporation of the solvent and excess hydrazine 
hydrate under reduced pressure afforded 1.80 g. (90%) of a white 
product, m.p. 87-93'. TLC (30% methanol in chloroform) showed 
a single spot. The IR spectrum (mineral oil) showed bands at 3279 
and 1639 cm.-l. 


The hydrazideV1 was used in the following step without additional 
purification. To a solution of VI (0.20 g., 0.60 mmole) in 2 ml. of 
cold 2 N hydrochloric acid was added, with stirring, 0.08 g. (1.2 
mmoles) of sodium nitrite in 1 ml. of water. The oily azide was ex- 
tracted with cold ether,and theethereal extract was washed with 10% 
sodium bicarbonate and water and dried over anhydrous sodium 
sulfate. Evaporation of the ether afforded 0.14 g. of a yellow oil. 
The IR spectrum (neat) of this material showed a pronounced band 
at 2114 cm.-', indicative of the azide functionality. The yellow oil 
was refluxed in 10 ml. of benzene for 2 hr. Evaporation of the sol- 
vent gave 0.09 g. (49%) of a crystalline product, m.p. 109-112". 
Recrystallization from a mixture of ethyl acetate and petroleum 
ether (b.p. 30-60") afforded the analytical sample, m.p. 116-118". 
The UV spectrum showed A;,? 271 nm. (c 1774). The IR spectrum 
showed bands at 3448, 1724, and 1681 cm.-l. 


And-Calc. for C18H21N203: C, 68.32; H, 7.66; N, 8.85. Found: 
C, 68.48; H, 7.74; N, 8.81. 


cis - Hexahydro - 4 - (4 - phenoxybutyl) - 2 - cyclopentimidazolone 
(VII1)-A suspension of 0.20 g. (0.63 mmole) of VII and 0.75 g. 
(2.37 mmoles) of barium hydroxide octahydrate in 7.5 ml. of water 
and 20 ml. of methanol was refluxed for 3 hr. The suspension was 
cooled to room temperature, and carbon dioxide was introduced 
into it for 1 hr. The formed barium carbonate was filtered, and the 
clear filtrate was concentrated under reduced pressure. Preparative 
TLC of the oily residue on silica gel GFw (10% methanol in chloro- 
form) afforded 0.08 g. (461T,) of a pale-yellow crystalline product, 
m.p. 87-93 O .  Several recrystallizations from ether gave the analytical 
sample as colorless microcrystals, m.p. 103--106". The UV spectrum 
showed XlhtH 278 nm. (e 1894). The IR spectrum showed bands at 
3448 and 1695 cm.-'. 


Anal.-Calc. for C1sHzzN202: C, 70.03; H, 8.10; N, 10.21. 
Found: C, 70.00; H, 8.17; N, 10.10. 
cis-Hexahydro-4-(4-bromobutyl)-2-cyclopentimidazolone (1X)- 


Method A-A solution of 0.27 g. (1.0 mmole) of VIII and 2.0 ml. of 
48 % hydrobromic acid in 5.0 ml. of acetic acid was heated at 90" for 
3 hr. The red solution was concentrated in uucuo, and the remaining 
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oil was subjected to preparative TLC on silica gel H F ~ M  + 366 (ethyl 
acetate). The higher R f  band gave 0.042 g. of an oily product, which 
was characterized as phenol on the basis of IR and UV spectra as 
well as TLC. The lower R, band gave the desired product, IX, as 
an oil, 0.21 g. (82x). The IR spectrum showed bands at  3472, 3333, 
and 1681 cm.-l. There was no UV absorption in the 240-290-nm. 
region. 


Method B-Compound VII (0.60 g., 1.89 mmoles) was subjected 
to hydrolytic conditions identical to those outlined in Method A. 
The product obtained following workup was identical to the one 
obtained by the previous method (0.42 g., 85%). 
cis-Hexahydro-4-(4-cyanobutyl)-2-cyclope.ntimidazolone (X)-A 


solution of 0.25 g. (5.0 mmoles) of sodium cyanide in 1.0 ml. of 
water was added to a solution of 0.13 g. (0.5 mmole) of the bromo 
derivative IX in 5.0 ml. of methanol. The reaction was refluxed 
for 20 hr., the solvent was evaporated to dryness, and the oily 
residue was purified by preparative TLC (25% methanol in chloro- 
form). The nitrile was obtained as a colorless oil (0.097 g., 94%). 
The IR spectrum showed bands at 3472, 3247, 2247, and 1681 
ern.-'. 
Hexahydro-4-(4-carboxybutyI)-2-cyclopentiddazolone (Carbo- 


biotin) (XI)-Compound X (0.21 g., 1.0 rnmole), dissolved in a 
mixture of 15 ml. of methanol and 8 ml. of 3 N aqueous potassium 
hydroxide, was heated on the steam bath for 5 hr. The reaction 
mixture was concentrated to one-third of its original volume and 
acidified with 10% hydrochloric acid (Congo Red). The white 
precipitate was filtered and dried, affording 0.19 g. (83%) of crude 
product, m.p. 187-195". Several recrystallizations from 95% 
ethanol gave colorless crystals of XI, m.p. 211-213". The IR spec- 
trum (mineral oil) showed bands at 3257 and 1695 cm.-l. 


Anal.-Calc. for CllH18N?O3: C, 58.40; H, 8.02; N, 12.38. Found: 
C ,  58.48; H, 7.89; N, 12.47. 
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Effect of Volume of Distribution on 
Plasma Levels of Total Radioactivity 


Keyphrases Volume of distribution-effect on plasma levels of 
total radioactivity, intravenous haloperidoL3H, man 0 Plasma 
profile of radioactivity-atypical appearance after intravenous 
haloperidoL3H administration, man, effect of volume of distribu- 
tion Hal~peridol-~H, intravenous, man-effect of volume of 
distribution on plasma levels of total radioactivity, atypical profile 
discussed 0 Radiolabeled haloperidolbeffect of volume of dis- 
tribution on plasma levels, atypical profile discussed, intravenous 
administration, man 


Sir: 


An unusual but, in retrospect, not unexpected pharma- 
cokinetic phenomenon was observed following intra- 
venous administration of ha l~per idol -~H (generally 
labeled). Figure 1 shows the mean plasma level profile 


of total radioactivity obtained in three healthy male sub- 
jects following intravenous administration of 2 mg. of 
haloperidol- 3H. The concentration of tritium in each 
sample was determined using a liquid scintillation 
counter' and internal standards. All samples were 
counted to  less than a 1% counting error. The purity 
of the hal~peridol-~H used was 99+% as determined 
by solvent extraction and TLC. Heparinized plasma 
samples were removed at 0 (predose), 10, 20, 40, and 
60 min. and at  2,4,6,8, 12,24,48,72, and 96 hr. 


The profile of Fig. 1 is not what one would expect 
following intravenous administration. Instead of the 
expected maximum at the first sample time followed 
by a decline, the plasma levels of total radioactivity 
increased over the 96-hr. period of observation. The 
cumulative urinary excretion profile (Fig. 2) shows 
that significant excretion of radioactivity occurred 
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Release Rates of Solid Drug Mixtures Dispersed in 
Inert Matrixes 111: Binary Mixture of 
Acid Drugs Released into Alkaline Media 


FAUZI SJUIB*, ANTHONY P. SIMONELLIt, and WILLIAM I. HIGUCHI' 


Abstract 0 The release of a mixture of two acidic drugs (benzoic 
acid and salicylic acid) from an inert matrix into phosphate buffers 
was investigated utilizing the physical model approach. Equations 
were derived describing the diffusional behavior and interactions 
of the various species under different conditions. The equations 
were solved for two boundary conditions due to the interactions 
of drugs with the buffers and drugs by themselves, i.e., for pre- 
cipitation or no precipitation of benzoic acid in the n1atrix:Experi- 
mental data were obtained and analyzed with self-consistent 
methods employing the appropriate equations. The analysis showed 
that the physical model investigated generally described all of the 
experimental data and yielded physically significant parameter 
values and conclusions. I t  was found that the model utiliring the 
simultaneous precipitation and drug release gave much better 
agreement of the data with the theory than that which assumed 
appreciable supersaturation of the drug in the matrix. 


Keyphrases 0 Release rates of solid drug mixture (benzoic-salicylic 
acids) embedded in inert matrix--effect of alkaline solvent, equa- 
tions 0 Benzoic acid-salicylic acid mixture---release from inert 
matrix, effect of alkaline phosphate solvent, equations 0 Drug 
mixtures, solid (benzoic-salicylic acids)-release rates from inert 
matrixes, effect of alkaline solvent. equations Binary drug 
systems-- release from inert matrix, effect of alkaline phosphate 
solvent, equations 


Previous publications (1-9) discussed the results of 
investigations designed to quantitate the influence of 
numerous factors upon the release profile of drugs em- 
bedded in an inert matrix into solvent media. The initial 
studies (1-4, 8-1 1) quantitated the role of the media, the 
inert matrix, and drug characteristics on the release pro- 
file of a single drug. More recently, this work was ex- 
tended to  binary drug systems (5, 6, 12). In  particular, 
the release rates of the binary system, benzoic acid and 
salicylic acid, were studied utilizing 0.1 N HCI as the 
solvent system. The use of 0.1 N HCI greatly simplified 
the release pattern since both acids are undissociated a t  
this pH.  The  less complex study demonstrated the valid- 
ity of the binary-drug release model and allowed the 
parameters of the system to  be accurately determined. 
This necessary baseline study also essentially described 
the release profile of any two weak acids into an acidic 
medium with a pH sim'ilar t o  that of gastric fluid, which 
is essentially a n'onreactive medium for this drug  sys- 
tem. 


The  purposes of this study were to investigate the in- 
fluence of a more alkaline medium representative of the 
intestinal lumen, to develop a model applicable to  this 
system, and to  test the model experimentally. Ob- 
viously, an alkaline medium will complicate the model 
considerably, since the acids will be converted to their 
dissociated form when dissolved by the alkaline medium. 
The degree of conversion to the dissociated form will 
depend, of course, not only on the pH but also on the 


buffer capacity of the medium relative to  the amounts of 
acids embedded in the matrix. This system is further 
complicated by possible mutual interaction of the two 
acids when the p H  and buffer capacity of the medium 
are not sufficient to convert totally both acids to  their 
respective dissociated forms. For this reason, the release 
profile of this binary system was determined a t  various 
phosphate buffer concentrations for the p H  range of 
5-8. 


The  results of this study complement the previous 
work determined in acidic media and should provide a 
better understanding of the effect of the biological 
parameters on the release of these drugs when admin- 
istered orally. In  addition, the results of these studies 
permit the evaluation of the often-made assumption that 
the release medium is not important due to  the relatively 
long diffusional pathway within the inert matrix as com- 
pared to  the outer diffusion layer. From a biopharma- 
ceutical viewpoint, this is obviously an important con- 
sideration when attempting to control the release rate 
as the tablet passes through the GI tract. It is hoped that 
the results of this investigation will lead t o  a better 
understanding of the expected release patterns of these 
systems in the tract and, therefore, t o  their wider accep- 
tance, since it is generally acknowledged that more def- 
inite control of the release pattern of drug after ad- 
ministration must be achieved if we are to improve 
future health care significantly. It is believed that timed- 
release medication is one area that must be thoroughly 
investigated, since it potentially provides numerous 
easily controlled variables necessary for success in ob- 
taining a desirable release profile of a drug. 


THEORY 


The relative release rate of a mixture of two drugs dispersed in 
an inert matrix has been shown to depend on their relative solubili- 
ties, relative dilfusion coefficients, and relative amounts incorporated 
in the matrix ( 5 ) .  Therefore, the interface existing between the solid 
drug and solvent for the two drugs recedes at  different rates. The 
one-dimensional diffusion-controlled model proposed for the 
release of a mixture of benzoic acid and salicylic acid, which is 
dispersed in a matrix into a phosphate-butfered solution, is shown 
in Fig. 1 for the case in which the solid benzoic acid solvent in- 
terface, sI. moves more slowly than the solid salicylic acid-solvent 
interface, SZ. 


Figure I n  illustrates the system when the inert matrix is first 
exposed to solvent. At this time, no solvent penetration has ac- 
curred and, therefore, borh solid drug -solvent interfaces have not 
as yet receded into the inert matrix. Figure Ih shows the conditions 
existing at  a finite time later, r .  The model essentially shows four 
regions. The boundary of the inert matrix surface solvent interface 
is at x = 0, and separates Region 0 (bulk solvent) and Region 1 
(completely leached portion of the matrix). The solid-liquid bound- 
ary of the slower moving drug (benzoic acid) is at s = SI and 
separates Region 1 and Region 2, which contains a solid phase 
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composed of benzoic acid only. Finally, the solid-liquid boundary 
of the faster moving drug (salicylic acid) is at x = s2 and separates 
Region 2 from Region 3, which contains both drugs as solids. Any 
solvent that exists in Region 3 will be saturated with respect to both 
txnzoic acid and salicylic acid. Similarly, for the boundary s?, the 
solution will be saturated with respect to both salicylic acid and 
benzoic acid. In Region 2, the situation is changed, since the solu- 
tion will be saturated with respect to only knzojc  acid. The salicylic 
acid, on the other hand, will show a concentration gradient in this 
region. Conversely, none of the concentrations in Region 1 re- 
mains constant; therefore, a concentration gradient exists for all 
species in this region. Since the solvent will be considered an infinite 
sink, Region 0 will essentially contain only phosphate buffers. 


From this model, differential equations were obtained which 
describe the diffusional behavior of the various species in Regions 
1 and 2. For the equations to be developed in this section, D is 
the diffusion coefficient of the species in the solvent and is assumed 
for the sake of simplicity to be the same for all species involved in 
Eqs. 1-8. The porosities ( 5 )  in Regions 1 and 2 are designated as 
e l  and c2 .  The tortuosities ( 5 )  in the same regions are designated as 
rl and T ? ,  respectively. The model takes into consideration the fact 
that as the phosphate buffer solvent penetrates the matrix, it will 
interact with both the benzoic acid and salicylic acid to form 
benzoate and salicylate ions, respectively. The model, therefore, 
must consider the concentration gradients of all species in Regions 
I and 2. 


Since the rate of transport of dibasic phosphate ion, HP--2, into 
the matrix must be equal to the rate of transport of monobasic 
phosphate i o n ,  HIP-.  out of the matrix, it follows that: 


In addition, the transport rate of H I P -  must be equal t o  the sum of 
the diffusion rates of salicylate ion, S-, and benzoate ion, B-; 
therefore, the following must be true: 


The total transport rates, GY and GB, out of the matrix for salicylic 
and benzoic acids, HS and HB, respectively, are given by the fol- 
lowing equations: 


In  the same manner, four similar equations can be obtained for 
Region 2 :  


where G4' and GH' are the total transport rates of salicylic and 
benzoic acids out of Region 2, respectively. The rate of total trans- 
port of salicylic acid species out of the matrix, Gs, is equal t o  the 
rate of transport out of Region 2. CS', since Region 2 is rate con- 
trolling. &', however, is not equal to GH since Region I is rate con- 
trolling. 


By assuming that the concentration of all drugs is zero in the 
bulk solution at all times, that is, the solvent acts as a perfect sink, 
Eqs. I -4 can be integrated from Y = 0 to .x = s1 to give: 


(HP-')i + (HzP-)i = TI' (Eq. 9) 


( E ) i  + (%)I = ( H z P ) I  - (H2P-h (Eq. 10) 


3 a 


Figure 1- Diffusiorr-cotitrc)lled model for the release of a mixture 
of benzoic ucid, H R ,  atid salicylic acid, HS,  embedded itr ati itiert 
matrix into a phosphate buffer solirrioti for tlre case it1 which the 
berizoic ucid boundary, sI, moces more slowly thati tire salicylic acid 
boundary, s?. Key: (a ) ,  rotiditiorrs existing at t = 0 ;  atid (b ) ,  con- 
ditiotis at u finite time, t later. Sulicylute utrd berizoate iotts are re- 
presetited by S- arid B-., respecticely. 


Equations 4-8 can also be integrated from A = sI to x = sz to 
yield Eqs. 13-16: 


(HP')z  - (HP')i t 
( H , P ) , z  - (HzP-11 = 0 . (Eq. 13)  


(B-)? - (B-)i + (S-)P - (%)I = (HzI-)z - (H2P-h (Eq. 14) 


(Eq. 15) 
Cs(s2 - Sl) 


D f 2  
(HS)2 - (HS)i + (S-)P - (S-)I = ~ 


7 2  


7 2  


The subscripts 0, 1, and 2 denote the concentration of the respective 
species a t  x = 0, x = sI, and x = sp. The TP is the total concentra- 
tion of all species of the phosphate buffer. 


It was also assumed that the following equilibria exist in all 
regions: H S  + H P - 2  % S- + H J -  and H B  + HP-2 % B- + 
H 2 P ,  and obey the following relationships: 


where KHS and KHB are the acid dissociation constants of salicylic 
acid and benzoic acid, respectively, and K2p is the second acid dis- 
sociation constant of phosphoric acid. The conditions are such that 
the principal equilibrium governing the system obtained from the 
above equilibria is given by: HS + B- % HB + S-. 


The above equilibrium indicates that the benzoate ion will be 
converted to  benzoic acid in Region 2, since K l l B  is smaller than 
KEiy. I n  addition, the presence of solid H B  in Region 2 dictates 
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that the benzoic acid concentration in Region 2 as a minimum 
must be equal t o  its intrinsic solubility. Since the benzoate ion is 
being converted to  benzoic acid in Region 2, there are two physically 
reasonable or possible cases in this region: either precipitation of 
HB somewhere in  Region 2 will occur or Region 2 will become 
supersaturated with respect to HB. These two possibilities are con- 
sidered separately in the following two sections. 


Case I (Precipitation in Region 2 Allowed)-A suitable set of 
boundary conditions can be specified for the case in which precipi- 
tation of HB in Region 2 is permitted. By assuming that the rate 
of precipitation in Region 2 is sufficiently rapid, it can be assumed 
that the concentration of HB in solution is equal t o  its intrinsic 
solubility. Therefore, the boundary conditions for HB in Region 
2 are equal for this case, i.e., (HB), = (HB)* = (HB),. The absence 
of solid HS in Region 2, however, means that the concentration 
of HS in Region 2 will be less than its intrinsic solubility. Therefore, 
a saturated solution of HS will exist only at  the boundary, sI, i.e., 
(HS)* = (HS)* > (HS)I, where (HS)* is the intrinsic solubility for 
salicylic acid. It should be emphasized that these boundary condi- 
tions are consistent with the assumption that the processes are all 
diffusion controlled and that rapid equilibria among species and 
phases exist at  any coordinate, x .  Because of this precipitation, the 
net transport rate of total benzoate and benzoic acid in Region 
2, GB', may not be zero. 


By simultaneously solving Eqs. 9-1 8. equations were obtained 
which can be used to describe the drug release as a function of time. 
T o  test the model, these equations were solved to obtain expressions 
which can be used to analyze experimental data. The following ex- 
pression involving the rate of total salicylic acid (all species) was 
obtained by analysis of Region 2 equations: 


!& [z - :]I (Eq. 19) 
D 


In addition. an expression involving the rate of total salicylic acid 
obtained by analysis of Region 1 equations was found to  be given 
by : 


For convenience of analysis, as will later be seen, the expression 
was not solved explicitly for GB. 


In these expressions, the quantities (HS)I, (H?P-)I, and (HIP-), 
cannot be experimentally measured and the following expressions 
containing measurable quantities can be substituted for them: 


where: 


Kne 
KZP 


A = -(HB)*(TP) 


E F = (HzP)i - C - - 
KIP 


E = KHS(HS)* + Kan(HB)* 


It is seen that if Eqs. 21-23 are substituted into Eqs. 19 and 20, 
the rates of salicylic acid release from Regions I and 2 can be 


l2 t / 


~. . .  


50 100 150 200 250 300 350 
1/FMC dsx. 


Figure 2-Release ofbenzoic acid from an inert matrix [polyerkylene- 
polyvinyl chloride (3  : 7)] containing 2 0 z  of a mixture of 3 : I  ratio 
o f  benzoic to salicylic acid into phospliate birfer (KH2POrKLHP04 = 
9 : I molur ratio) at diferent toral phosphate concentrations. Key: W ,  
0.50M; A,0.?5 M + 0.01 dioctylsodirrm sulfbsuccinate;A, 0.25 M ;  
0, 0.10 M + 0.01% diocryl sodium sulfosuccinate; and 0, 0.IO M 
phosplza te concen tra rion . 


calculated from experimentally available measurements for the 
precipitation model. 


Case I1 (Supersaturation in Region 2)-Although it was recog- 
nized that this case is the less likely one due to the difficulty of 
maintaining a supersaturated solution of HB in the presence of 
its solid phase, it was felt that the possibilities were such that it 
should be fully investigated. In addition, this analysis may lead to a 
better understanding of this system and to more confidence in the 
results and conclusions. This case involves the following boundary 
conditions: GB' = 0, (HB)l = (HB)*, and (HS)I = (HS)*. In this 
case, (HB), # (HB)*, since its concentration is higher due to  no pre- 
cipitation occurring in Region 2. In addition, the total concentration 
of all benzoic acid species is constant in all parts of Region 2 for 
this case. Although the slope of the concentration profiles of both 
species, HB and B-, are not zero in Region 2, the total concen- 
tration of both species remains constant as the slopes are equal in 
magnitude but opposite in sign in this region; therefore, no net 
movement of the HB species occurs in Region 2. For this case, the 
solution of Eqs. 9-18 yielded the same four equations, Eqs. 19-22, 
as in the precipitation model. However, the expression for ( H z P ) ~  is 
changed and is given by Eq. 24: 


a(H2P-)z3 + P ( H I P ) ? ~  + -dH2P)2 + A = 0 (Eq. 24) 


where: 


L 
TP 


Ly = -  


Knn - KIP 
KHB 


L =  


It is seen that if Eqs. 21, 22, and 24 are substituted into Eqs. 19 
and 20, the rates of salicylic acid release from Regions 1 and 2 
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50 100 150 200 250 300 350 
d m ,  dsec. 


Figure 3-Release of salicylic acid from an inert matrix [poly- 
ethyleiie-polyaii~yI chloride (3 : 7)] containing 20% of a mixture of 
3 : I rutio of benzoic to salicylic acid into phosphate buffer (KHzPOa- 
K2HPOa = 9 : I molar ratio) at different total phosphate concentra- 
tions. Key: B, 0.50 M; A, 0.25 M + 0.01 dioctyl sodium sulfosrrc- 
cbiate; A, 0.25 M ;  @, 0.10 M + 0.1 % dioctyl sodium sulfosuccinate; 
and 0, 0.10 M phosphate concentration. 


can be calculated from experimentally available measurements 
for the supersaturation model. 


EXPERIMENTAL 


Materials-Singh et al. (5) found that a mixture of polyvinyl 
chloride' and polyethylene2 in a 7 : 3 w/w ratio forms a useful matrix 
for a number of drug mixtures. Therefore, in the present studies 
this mixture ratio was used for the matrix. Benzoic acid (reagent 
grade):' and salicylic acid (reagent grade)3 were purified by re- 
crystallization from an ethanol-water mixture and dried at 100". The 
dried powders were mixed in a 1 : 3 w/w ratio of salicylic acid to  
benzoic acid and then added to  a prepared 7 : 3  w/w mixture of 
polyvinyl chloride and polyethylene powders so that the final 
mixture contained 80 total plastic (polyvinyl chloride and poly- 
ethylene) by weight. The 1 :3  ratio of the salicylic acid to  benzoic 
acid was used to  assure the situation in which solid benzoic acid 
rather than salicylic acid would exist in Region 2 for all pH condi- 
tions anticipated. 


Tablet-A tablet was made by compressing 300 mg. of the 
drug-plastic mixture using a press4 a t  a force of 4540 kg. (10,000 Ib.) 
with a 1.27-cm. (0.5-in.) flat-face die and punch. I t  was then mounted 
in wax by coating the lateral and one of the flat sides with molten 
beeswax, thereby exposing only one flat surface of the tablet for 
drug release. The solid concentrations of the drug and the volume 
fractions of drugs and air in the tablets were determined as pre- 
viously described (1). The parameters are needed for a theoretical 
treatment of data. 


Release Rate--The apparatus used for these release rates was 
similar to that used by Singh et at. (7). In a typical experiment, 
after the introduction of solvent, aliquots of solution were removed 
as a function of time for both acids; their concentrations in the 
bulk were determined by UV spectrophotometric analysis a t  296 
and 259 nm. The solvents used in these studies contained phosphate 
buffers which consisted of different ratios of dipotassium phos- 
phate3 and monopotassium phosphate3 to  control the pH and 
of ditrerent total buffer concentrations in order t o  control the degree 
of interaction with the drugs. In addition, the effect of surfactant 
was investigated by adding dioctyl sodium sulfosuccinate6 to  the 
solvent of a number of studies. 


; Dow Chemical Co., Midland, Mich.; particle size <80 mesh. 
- Allied Chemical Corp., Plastic Division, Morristown, N. J.; parti- 


3 .I. T. Baker Chemical Co., Phillipsburg, N. J. 
cle size <270 mesh. 


Fred S. Carver, M. C., Summit, N. J. 
Aerosol OT, American Cyanamid Co., Wayne, N. J. 


50 100 150 200 250 300 350 
.\/TIME, dsec. 


Figure 4-Release of benzoic acid from an inert matrix [polyethylene- 
polyvinyl chloride (3  : 7)] containing 2075 of a mixture of 3 : I ratio 
of benzoic to salicylic acid into phosphate buffer (KH2POa-&HPOa = 
I : I  molar ratio) at different total phosphate concentrations. Key: 
a, 0.50 M ;  A, 0.25 M + 0.01% dioctyl sodium sulfosuccinate; A, 
0.25 M; 0,  0.10 M + 0.01% dioctyl sodium sulfosuccinate; and 
0, 0.10 Mphospliate concentration. 


RESULTS 


Some of the experimental results are presented in Figs. 2-5. The 
most noteworthy aspect of these results is that all of the experi- 
mental data appear t o  follow the square root of time dependence. 


By comparing Figs. 2 and 4, it can be seen that with the same con- 
centrations of solvent but a different pH, the solution of higher pH 
yields the faster rate for benzoic acid (almost two times faster). 
The same results are shown for salicylic acid in Figs. 3 and 5. 
Figures 4 and 5 show that the buffer with the same ratio of dipotas- 
sium phosphate and monopotassium phosphate yields the faster 
release rate when the concentration of buffer is higher. From these 
figures it can also be seen that solvents with dioctyl sodium sulfosuc- 
cinate yield faster release rates for the same concentration in the 
absence of dioctyl sodium sulfosuccinate. The presence of dioctyl 
sodium sulfosuccinate has been shown (7) t o  provide complete 
solvent penetration of the matrix. These results show that the 
release rate is a function of the buffer pH, buffer concentration, 
and the permeation rate of the solvent. 


TREATMENT OF EXPERIMENTAL DATA AND 
COMPARISON OF RESULTS WITH THEORY 


Because of the very complex nature of the equations, it would 
be extremely difficult to test the theory in the usual manner (5, 6), 


50 100 150 200 250 300 350 
d T m ,  dsx. 


Figure 5-Release of salicylic acid from an inert matrix [poly- 
ethyle/le-polyl:iilyI chloride ( 3  : 7)] containing 2007, of a mixture of 
3 : I ratio of benzoic to salicylic acid into phosphate hiiffcv (KHzPOa- 
K2HPOd = I :  I molar ratio) at different total phosphate con- 
centrations. Key: ., 0.50 M ;  A, 0.25 M + 0.01 ;{ dioctyl sodium 
sulfosuccinate; A, 0.25 M; @, 0.10 M + 0.01% dioctyl sodium sul- 
fosuccinnte; and 0, 0.10 M phosphate concentration. 
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Sclieme I-Flowcliart for computer program showing ihe procedure used to estimate r1 atid r2 jar  the releuse of beiizoic arid sulicylic ucids 
into phosphate buffer. 


i.e., to compare directly experimental and theoretically calculated 
rates in the theoretical equations, parameters that have been de- 
termined either a priori or from experiments other than the release 
rate experiments themselves. It was found that the theoretical 
model was best investigated by using a self-consistency approach 
involving the use of the derived equations with experimental data. 


The particular approach taken to compare the experimental re- 
sults with theory may be described as follows. The experimental 
values for GBsl were used with Eqs. 19 and 20 to yield a function of 
r1 and r2.  Then the 71 and T* values were adjusted to obtain simul- 
taneously the best agreement between the theoretical and experi- 
mental Gssz values and s2/sl ratios. The success of this method de- 
pends heavily upon having a wide range of release rates which are 
necessary for a sensitive test of the theory. 


AS shown in the Appendix, it was found that: 


where AHB and Aas are the concentrations of solid HB and solid HS 
incorporated in the matrix, respectively; and QB/~’/-  and Qs/t’/‘ are 
the slopes of plots of the experimental release of benzoic acid and 
salicylic acid against the square root of time, respectively. Equations 
25-27 may then be used to calculate the experimental GBS~,  Gss?, 
and s2/sI, respectively. The theoretical GssL was obtained from Eq 
19, and the theoretical s2/s1 was obtained from: 


(Eq. 28; 5 - Gss2 obtained from Eq. 19 
sl Gssl obtained from Eq. 20 
- 


The calculations of T~ and 7” from Eqs. 19 and 20 were carried out 
using a digital computer‘. The flowchart for the computer program 


6 IBM 360. 
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is shown in Scheme I for both boundary conditions. The “system 
parameters” shown in the flowsheet are all of the parameters given 
by the equations presented in the theory section that are constant 
for a given system; these are K H B ,  K H S ,  (HB)*, (HS)*, D, el,  
and t2. 


On the other hand, the “experimental parameters” shown in the 
flowsheet are those that are different for each system studied de- 
pending on the experimental conditions utilized; these are (TP), 
(HLP), ,  G B J ~ ,  71, 7 2 .  A71 (which is an  increment of r,), and A n  
(which is an increment of 72) .  


Table I shows the computation of Ggs2 and s2/sl by adjusting 71 


and r2 for this study, in which 0.5 M phosphate buffer (KH2POI- 
K2HP04 = 9: 1) was used as a solvent. It can be seen that increasing 
T~ but keeping 7 2  constant caused Gss2 t o  decrease but caused 
s2/sI to increase. On the other hand, keeping r1 constant but in- 
creasing T? caused both Gssl and s?/sl to  decrease. I t  was found that 
only one pair of 71 and r2 simultaneously provided good agreement 
of both experimental Gss2 and s2/sl with the calculated values of 
Gss2 and s2/sI. For example, a pair of values T~ = 6.00 and r2 = 
10.0 showed that both calculated values of Gss2 and s2/s1 were higher 
than experimental values. If 7 2  was increased to 18.0, it is seen from 
Table I that calculated GssP was too high but sB/sl was too low. 
Minimizing the deviation of calculated values from experimental 
values indicated that rz = 26.0 was the best choice for 71 = 6.00. 
Similarly, at  7, = 6.50, 7 2  = 18.0 was best. Note that the best fit 
at 71 = 6.00 yielded a calculated GSs2 that was too high and a calcu- 
lated s2/sl that was too low; but the best fit at  7 )  = 6.50 yielded op- 
posite results, as the calculated Gss2 value was too low and SJS, was 
too high. On the other hand, the best fit for T~ fixed a t  6.25 yielded 
a 7 2  = 22.0 and gave good agreement between calculated and ex- 
perimental values. The computer program that utilized a smaller 
Ar1 and AT* increment showed that a value of r1 = 6.30 and of r2 = 
21.0 provided calculated values of Gss2 as 1.33 X and sI/sI 


as 1.31, which are in exact agreement with the experimentally 
obtained values. 


Table I1 tabulates the combinations of 71 and T? that gave the best 
simultaneous fits for the theoretical and experimental values of 
G~s2 and sl/sl for the boundary conditions of the precipitation 
model using the method described in Table I. In addition, the re- 







Table I-Results of Calculation GSSZ and s2/sl by Adjusting T~ and 
T~ for Case I, Using Arl Increments of 0.25 and A72 Increments of 4.0 


-Estimated- ,--G~sr X 10"a- -- a/sl -- 
71 7 2  Calc. Exp. Calc. Exp. 


6 . 00 10.0 1.82 1.33 1.49 1.31 
14.0 1.65 1.35 
18.0 1.56 1.27 
22.0 1 .so 
26.0 1.45 
30.0 1.42 


6.25 10.0 1.70 
14.0 1.51 
18.0 1.41 
22.0 1.34 
26.0 1.30 
30.0 1.27 


6.50 10.0 1.58 
14.0 1.38 
18.0 1.28 
22.0 1.21 
26.0 1.16 
30.0 1.12 


1.22 
1.19 
1.16 
1.61 
1.44 
1.34 
1.28 
1.24 
1.20 
1.77 
1.55 
1.43 
1.35 
1.30 
1.26 


a Mole cm.-' set.-*. 


sults for the boundary conditions of the supersaturation model are 
also tabulated for easy comparison. 


CONCLUSIONS 


The calculated results tabulated in Table 11 can also be used 
to show that the boundary conditions of the precipitation model 
are more appropriate for this drug matrix system; i.e., precipitation 
of benzoic acid is occurring in Region 2. The variation of the values 
of T* obtained from both cases differed markedly, as shown by 
their respective means and variances. 


The standard deviation of the r2 values obtained using the bound- 
ary conditions of the precipitation model was much smaller than 
that for the boundary conditions of the supersaturation model. A 
lest of their respective variances showed that statistically a dif- 
ference of this magnitude occurs less than one time out of 1000 
trials ( F  = 2500). In addition, a test of the means also showed that 
statistically a difference of this magnitude occurs less than one time 
out of 100 trials ( t  = 27). This strongly suggests that precipitation 
in Region 2 occurs in this matrix solvent system. 


Secondly, comparison of r1 values shows that both cases opti- 
mized at the same values of T ~ .  This was not unexpected, however, 


since Region 1 is identical in both models. Obtaining identical 
optimum values as predicted by the models was very encouraging 
since vastly different conditions in Region 2 were used in the theoret- 
ical equations. These values are in fair agreement with those found 
under more ideal conditions, i.e., experiments (rl = 5.5) in 0.50 
N HC1 with no surfactant present. The average dioctyl sodium 
sulfosuccinate value of T~ (il = 4.7) for a 1 :3 ratio was found t o  
be in excellent agreement with that found previously (5) in hydro- 
chloric acid solution for the same ratio (7, = 4.5). A test of the 
means indicated that these differences were insignificant. Com- 
parison of 7 2  values shows that the two cases markedly differ. The 
7 2  values obtained from the precipitation model more closely agree 
with the value obtained (T$ = 14.5) under more ideal conditions, 
i.e., experiments in 0.50 N HCl saturated with benzoic acid. The 
values of 7 2  obtained under Case 11, however, are much greater than 
the values obtained under more ideal conditions. In addition, 
a priori consideration would dictate that values of r2 close to 1000 
should be rejected. The above analysis strongly indicates that it 
should be concluded that precipitation is occurring in Region 2. 


Table I1 also shows that the effects of surfactant can be appre- 
ciable, which indicates that wetting and variations in wetting may 
have contributed to some of the nonconstancy of T~ and T~ values. 
When surfactant was present, both the 7, and the 7% values were 10- 
50% smaller than in the absence of surfactant. This would be con- 
sistent with the idea that in the absence of surfactant, some of the 
channels (pores) for diffusion are not available and also that a 
lower than expected effective porosity is reflected in larger effective 
tortuosity values. 


The results of this study clearly show that a theoretical model 
and mathematical analysis can be usefully employed to  obtain in- 
formation which cannot be obtained by ordinary methods of ex- 
perimentation. It is believed that this approach can and should be 
extended to other situations involving such simultaneous poly- 
phasic, polycomponent interactions. 


APPENDIX 


When the amounts of dissolved drugs remaining in the pores are 
negligible as compared to  the amounts of drug released, which is 
true for poorly soluble drugs, the total amounts of benzoic acid and 
salicylic acid released, QB and Qs,  may be expressed by: 


QB = ~ I A U B  (Eq. Al) 


and: 


QS = SZARB (Eq. A21 


Table 11-Tabulation of Best-Fit Values of r1 and ' T ~  and Comparison of the Calculated Parameters of Qs/ t ' / ?  and s2/sI with the 
Experimentally Observed Values for Both the Precipitation (Case I) and Supersaturation (Case 11) Models 


-- Solvent-- 
Percent 
Dioctyl 
Sodium -- Estimated -- -- Qs/t'/i X lOSc-- --- a/s,---- 


Buffera Total Sulfo- ----Tz- ---Calc.--- --Calc.--- 
Ratio Bufferb succinate T~ Case I Case I1 Case I Case I1 Exp. Case I Case I1 Exp. 


9:l  0 .50 - 6.30 21 .o 172.0 1.41 1.41 1.41 
9: l  0 .25 - 7.00 17.0 508.0 1.17 1.17 1.17 
9 : l  0.25 0.01 4.90 7.0 214.0 1.63 1.63 1.63 ~ ~. . ~ ~~ 


9 : l  0.10 - 4.43 23.0 120.4 i . 2 1  i . 26  i .21 
9: l  0 .10 0.01 3.95 11 .o 79.6 1.44 1.43 1.43 
I : I  0.50 - 7.00 24.0 54.0 2.56 2.55 2.55 
1 : l  0.25 - 5.58 12.0 98.0 2.36 2.36 2.36 
1 :1 0 .25 0.01 4.43 13.0 104.0 2.49 2.50 2.50 


.31 1.31 


.37 1.17 


.56 1.56 


.28 1.36 


.44 1.43 


.34 1.34 


.50 1.50 


.40 1.41 


.53 1.54 


.52 1.53 


.36 1.38 


.42 1.42 


.31 


.38 


.56 


.28 


.44 


.34 


.50 


.40 


.53 


.53 


.38 


.42 
0 : l  0.50 - 7.20 19.0 22.0 3.67 3.67 3.66 1.43 1.43 1.43 
0 : l  0.25 - 6-83 33.0 150.0 2.50 2.59 2.45 1.26 1.26 1.26 . . -~ .. . ~ .~ ~ ~. 


o:i  0.25 0.01 6.38 20.0 88.0 2.76 2.76 Z . i S  1.38 1.38 1.38 
0 : l  0.10 - 7.25 32.0 996 1.73 1.57 1.60 1.26 1.26 1.26 
0: 1 0.10 0.01 5.08 20.0 475.0 2.05 2.05 2.05 1.33 1.33 1.33 


a KHzPOrK2HPOa in molar ratio. * Moles/l. c g. cm.? sec.-'/i. 
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Differentiation with respect to  time and rearrangement of these 
equations yield: 


and : 


where : 


cB = dQ 2 and GB = dQB - 
dt di 


It can be assumed that GBsl and GgsZ are constants in time. Equa- 
tions A3 and A4 show that this assumption simply means that QB 
and Qa are both proportional to the square root of time, which 
is a fact supported by the experimental data given in Figs. 2-5. 
Integration of Eq. A3 from s = 0 at t = 0 to s = s a t  t = t gave: 


Substitution of Eq. A6 into Eq. Al ,  with subsequent rearrange- 
ment, gave Eq. 25 shown in the text: 


The same relationship for sz and G S S ~  may be obtained by inte- 
grating Eq. A4 and substituting the result into Eq. A2; i.e.: 


and: 


The latter equation corresponds to Eq. 26 of the text. 


The ratio of the solid drug-solvent boundaries can then easily 
be obtained from the equations to obtain Eq. 27 of the text: 
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Peak Voltammetry at Glassy Carbon Electrode of 
Acetaminophen Dosage Forms 


C. M. SHEARER., K.  CHRISTENSON, A. MUKHERJI, and G. J. PAPARIELLO 


Abstract 0 A new, rapid, stability-indicating assay for acetami- 
nophen in both solid and liquid dosage forms was developed. The 
assay is based upon the oxidation of acetaminophen polarographi- 
cally at a glassy carbon electrode, using an acetate system in meth- 
anol as the supporting electrolyte. The peak potential for acetamino- 
phen is about 0.5 v. uersus the saturated calomel electrode, while the 
peak potential for p-aminophenol, the major hydrolytic degradation 
product of acetaminophen, is about 0.2 v. This stability-indicating 
analysis can be performed without prior separation of acetamino- 
phen from p-aminophenol. Most common inert solid dosage form 
and liquid preparation components do not interfere in this proce- 
dure. It was also established that most therapeutically active com- 
ponents used in combination with acetaminophen do not interfere 
in this procedure. 


Keyphrases 0 Acetaminophen dosage forms-stability-indicating 
polarographic analysis, glassy carbon electrode 0 Polarography, 
glassy carbon electrode-stability-indicating analysis, acetaminophen 
dosage forms IJ Voltammetry, glassy carbon electrode-stability- 
indicating analysis, acetaminophen dosage forms 


Many assay methods for acetaminophen are reported 
in the literature. However, few of these claim to be 
stability indicating; those that do make this claim, with 
one exception, involve time-consuming, often trouble- 
some, separation techniques. The one exception is a 
colorimetric method developed by Chafetz et al. (I), 
which will be discussed in detail shortly. 


The major route of degradation of acetaminophen is 
hydrolysis to p-aminophenol and acetic acid. The ki- 
netics of this hydrolytic reaction were studied by Koshy 
and Lach (2). In their study, they assayed for the intact 
material by separating it from the p-aminophenol by 
means of a strong cation-exchange resin. This ion- 
exchange separation was used by the same authors (3, 
4) to analyze urine samples and commercial formula- 
tions containing acetaminophen. The concentration of 
the acetaminophen in the eluant was determined either 
by UV spectrophotometry or by a colorimetric reaction 
using the procedure of Greenberg and Lester (5 ) .  At a 
later date, Koshy (6 )  reported on the separation of 
acetaminophen from p-aminophenol as well as from 
aspirin, caffeine, and salicylic acid by using column 
partition chromatography. Recently, Prescott (7) pub- 


Table I-Results of the Analysis of Known Mixtures of 
Acetaminophen and p-Aminophenol in Solution 


- Mole Fractions of Acetaminophen- 


Added Run I Run2 Run3 Run4 Average 
Found 


~~ ~ 


0.92 0.91 0.92 0.91 0.93 0.92 
0.80 0.80 0.78 0.78 0.79 0.79 
0.68 0.68 0.70 0.68 0.67 0.68 
0.60 0.58 0.55 0.58 0.57 0.57 
0.40 0.41 0.32 0.31 0.35 0.35 
0.20 0.26 0.18 0.28 0 .17  0.22 


lished a G C  procedure applicable to body fluid analy- 
sis, which separates the trimethylsilyl derivatives of 
acetaminophen and p-aminophenol. 


The Chafetz et al. (1) colorimetric technique is based 
upon the reaction of acetaminophen with nitrous acid 
to form 2-nitro-4-acetamidophenol. These researchers 
found that the presence of p-aminophenol does not 
interfere with the measurement of this product by 
spectrophotometry. Unfortunately, in our hands the 
same selectivity in the nitrous acid colorimetric reaction 
was not obtained. A minimum of 25% contribution 
to the absorbance was observed when an equivalent 
molar concentration ofp-aminophenol was tested. 


Thus, when forced to seek an alternative method of 
analysis, we considered electrochemical techniques. The 
electrochemistry of p-aminophenol has been widely 
studied (8). p-Aminophenol undergoes electrochemical 
oxidation with the loss of two electrons and two protons 


-0.2 0 +0.2 +0.4 
APPLIED POTENTIAL, v 


Figure 1-Polarograrn of: ( A )  p-aminophenol (concentration = 
0.012 mg./ml.), and ( B )  acetaminophen (concentration = 0. I mg.lml,), 
using a glassy carbon electrode. 
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Table II-Recovery of Acetaminophen when in 
Combination with Other Drugs 


Table III-Recovery of Acetaminophen from Common Inert Solid 
Dosage Components 


Percent 
Acetamino- 


Drug Drug Recovereda 
Milligrams phen 


~~ 


Percent 
Acetami- 


Milligrams nophen 
Component Component Recovereda 


Glyceryl guaiacolate 15 
Caffeine 20 
Aspirin 50 
Mephenesin 50 
Codeine phosphate 10 
Sodium barbital 10 
Amphetamine sulfate 1 . 5  
Salicylamide 1 5  
Phenylephrine hydrochloride 2 
Prednisolone 0.3 
Pentobarbital 0 .5  
Ascorbic acid 20 


100 
96 


102 
100 
100 
102 
102 
100 
100 
104 
98 


>200 


a 50 mg. of acetaminophen was present in each case. 


forming quinoneimine. Several other aminophenol 
derivatives have been studied; however, no extensive 
work has been done on acetaminophen. The dropping 
mercury electrode, although useful for some studies, 
undergoes oxidative attack at about 0.4 v. uersus the 
saturated calomel electrode in aqueous systems. To 
overcome this difficulty, the commonly used electrodes 


4 


3 


I-' 


3 
E 
E 
3 2  
0 


1 


-0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 
APPLIED POTENTIAL, v. 


Figure 2-Polarogranr of mixture of 80 Z acetamitrophetz-202 p- 
aminoplreaol using a glassy carbon electrode. Key: B. L., baseline 
esteiided from -0.2 to 0.25 v.; i,, current due to p-amiiioplzeriol 
at $0.18 u.; 0.7 i,,, correction for current at 0.5 u. due to p-amiiro- 
phenol and supporting electrolyte; and i A l  current due to acetamino- 
phen. 


Lactose 50 
Microcrystalline cellulose 50 
Starch 
Talc 


50 
50 


100 
102 
100 
100 


Stearic acid 0.5 100 
Magnesium stearate 0 .5  100 
~ ~~ ~~~~~~~ 


a 50 mg. of acetaminophen was present in each case. 


for anodic voltammetry are made of platinum or various 
forms of carbon. Since the problems of poor repro- 
ducibility which might be encountered with the platinum 
electrode (9) were well known, a glassy carbon electrode 
was tried in this study. Glassy carbon', first introduced 
by Yamada and Sato (lo), is electrical conducting, 
highly resistant to chemical attack, gas impermeable, 
and obtainable in a relatively pure state. Zittell and 
Miller (11) and Jennings et al. (12) reported that repro- 
ducible data could be obtained for analysis using a 
glassy carbon electrode in aqueous and alcoholic sys- 
tems, respectively. 


Presented here is a simple voltammetric technique 
utilizing a glassy carbon electrode for the analysis of 
acetaminophen in complex pharmaceutical dosage 
forms. The method is shown to be stability indicating 
with respect t o  hydrolytic degradation. Most common 
formulation inactives, as well as most therapeutically 
active materials, used in combination with acetamino- 
phen were found not to  interfere in this method. 


EXPERIMENTAL 


Apparatus-A recording polarograph2 was used in all polaro- 
graphic determinations.The analysis was run in an H-form electroly- 
sis cell which contained a saturated calomel electrode (SCE) as the 
reference electrode. The sample compartment was connected to the 
SCE by means of an agar-saturated potassium nitrate bridge. The 
following instrumental parameters were used: sensitivity, 3 X 
amp./mm.; damping, 2; voltage scan range, +1 to -1 v.; and 
polarity, reverse. 


Both commercially available carbon electrodes3 and those con- 
structed by sealing the glassy carbon rod into a glass tube, by heat- 
ing the glass so it flows around the rod to form a seal, were used in 
this study. In all instances, the end of the glassy carbon electrode 
was highly polished with metallographic cloth. 


Experiments were carried out at ambient room temperature 
(about 23 "). 


Supporting Electrolyte-Dissolve 8.2 g. of sodium acetate, anhy- 
drous, in 20 ml. of distilled water. Add 5.8 rnl. of glacial acetic acid 
and dilute to 1 1. with methanol. 


Acetaminophen Reference Standard Solution-Accurately weigh 
approximately 50 mg. of acetaminophen NF reference standard into 
a 250-ml. volumetric flask. Dissolve completely in methanol and 
then dilute to volume with methanol. Pipet 25.0 rnl. of this solution 
into a 50-ml. volumetric flask, dilute to volume with the supporting 
electrolyte, and mix well. 


Procedur-Snmple Preparation-To a 250-ml. volumetric flask 
containing about 100 ml. of methanol, add an accurately weighed 
sample of powdered tablets or capsule contents or an accurately 


1 Glassy carbon is an exclusively owned preparation of the Tokai 
Electrode Manufacturing Co., Tameike-Cho, Minato-Ku, Tokyo. 
Japan. 


2 Sargent model XV. 
3 Chemtrix, Inc., Beaverton, Ore. 
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Table IV-Recovery of Acetaminophen from Common Liquid 
Dosage Components 


Table V-Comparison of Peak Polarographic Method and NF XI11 
Method on Commercial Dosage Forms 


Percent 
Acetamino- 


Component Quantity Recovered" 
Component phen 


Water 2.0 ml. 100 
Chloroform 0.5 ml. 102 
Propylene glycol 0.5 ml. 98 
Corn syrup 2.0 ml. 100 
Citric acid 2.0 mg. 102 
Polyethylene glycol 35W 5.0 mg. 98 
Ammanium chloride 5.0 mg. 100 
Sodium benzoate 4.0 mg. 100 
Sodium saccharin 0.5 mg. 100 
Sodium propionate 5.0 mg. 102 


a 50 mg. of acetaminophen was present in each case. * Carbowax 350. 


pipeted sample of a liquid dosage form equivalent to about 50 mg. 
of acetaminophen. Shake the flask thoroughly to disperse the sam- 
ple. Dilute to volume with methanol and thoroughly mix and filter, 
discarding the first 25 ml. of filtrate. Transfer 25.0 ml. of the filtrate 
to a 50-ml. volumetric flask, dilute to volume with the supporting 
electrolyte, and mix well. 


Polarography-Transfer a portion of the sample or reference solu- 
tion to the electrolysis cell, and insert the glassy carbon electrode. 
Deoxygenate with solvent-saturated nitrogen for 10 min., and obtain 
a polarogram from -0.2 to +0.6 v. versus SCE with nitrogen flow- 
ing on the surface of the solution only. If any p-aminophenol is pres- 
ent, it will be oxidized to give a peak current near +0.2 v. while 
acetaminophen will be oxidized giving a peak current near 0.5 v. 
(Fig. 1). Consequently, in mixtures of the two, the current at 0.5 v. 
will be the sum of the current due to the acetaminophen and p-ami- 
nophenol. Figure 2 gives a polarogram of such a mixture and illus- 


8 


7 


6 


d 
;5 


I-. 


a 4  


2 W 
a 


3 
0 
Y 
a W 


3 
n 


2 


1 


1 1 I I 
0.04 0.08 0.12 


ACETAMINOPHEN CONCENTRATION, mg./ml. 


Figure >Plot of acetaminophen concentration versus peak current. 


Acetaminophen, 
mg./Dose----- 
-Found- 


7- 


~ ~.~ 


Polaro- 
Dosage graphic NF Other Labeled 
Form Claim Method Method" Ingredients 


Tablet A 325 332 318 - 
Tablet B 125 126 128 Aspirin, 230 mg. 


Caffeine, 30 mg. 
Capsule A 175 178 179 Salicylamide, 150 mg. 


Caffeine, 15 mg. 
Phenylpropanolamine 


hydrochloride, 18 mg. 
Elixir A 120 120 122 - 
Elixir B 150 159 1.55 Phenylephrine hydro- 


chloride, 2.5 mg. 
Dextromethorphan hy- 


drobromide, 7.5 mg. 
Glyceryl guaiacolate, 


50 mg. 


Assay from N F  monograph for acctaminophsn tablets or acetamino- 
phen elixir, whichever is applicable, was used. 


trates how a correction can be made at the acetaminophen peak po- 
tential, near 0.5 v., for the current due to thep-aminophenol. A base- 
line is extrapolated from the residual current line (-0.24.0 v.) to 
0.25 v. The current above the baseline at the peak potential due to 
p-aminophenol, at about 0.2 v., is determined. By using 70x of this 
value as the background current, due to supporting electrolyte and 
p-aminophenol, the current for the acetaminophen only can be ob- 
tained at its peak potential at about 0.5 v. This 0.7 correction factor 
must be redetermined for each new electrode and for instrumental 
parameters if they differ markedly from those prescribed. After de- 
termining the peak current for the sample in this manner and com- 
paring it with that of the standard, the concentration of acetamino- 
phen in the sample can be calculated. 


RESULTS AND DISCUSSION 


A linear relationship between the peak current measured at the 
peak potential (approximately 0.5 v.) and the concentration of acet- 
aminophen up to 0.15 mg./ml. was established (Fig. 3). Thus, it was 
concluded that this technique could be a useful quantitative mea- 
sure of acetaminophen if it also was able to distinguish electrochem- 
ically between the intact drug and p-aminophenol, the major 
hydrolytic degradation product. Figure 1 illustrates the polaro- 
graphic response obtained from acetaminophen and p-aminophenol. 
One can see that the peak potential of the p-aminophenol is well 
separated from that of acetaminophen, but that there would be a 
contribution to the current measured at the peak potential of acet- 
aminophen if p-aminophenol were also present in the system. Since 
one is dealing here with a planar stationary electrode and an un- 
stirredsolution, oneobtains adecay of thep-aminophenol current with 
time. This decay is, of course, diffusion controlled but, unfortunately, 
it was found that no simple theoretical relationship such as i a l/r'/l 
was followed. Consequently, the basis for correcting for the current 
contributed by p-aminophenol at the peak potential for acetamino- 
phen had to be developed empirically. By running different known 
concentrations of p-aminophenol and measuring the percent of cur- 
rent at the peak potential for acetaminophen near 0.5 v., it was deter- 
mined that 0.7 times the peak current for p-aminophenol was 
contributed to the current at the peak potential for acetaminophen. 


Table VI-Influence of Water on the Measured Peak Current 
for Acetaminophen 


Percent Water in Microamperes 
Supporting Electrolyte Measured 


2 
6 


10 
22 


5.44 
5.48 
5.36 
4.58 
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To check on the reliability of this correction factor, a number of 
solutions containing varying amounts of acetaminophen andp-ami- 
nophenol were run. The results of this experiment are summarized 
in Table I. It is seen that in those samples where acetaminophen is 
the predominant species, accurate values can be obtained. From a 
practical point of view, this is not a very limiting shortcoming of the 
method since one is almost always analyzing samples with less than 
10% or no more than 20% degradation. 


To determine the general applicability of the technique to dosage 
form analysis, studies were run on acetaminophen in combination 
with other drugs, common tablet excipients, and common compo- 
nents of liquid preparations. In these studies, 50 mg. of acetamino- 
phen was combined separately with each component under study. 
The amount of each component was chosen to represent that level 
normally found in a formulation. Polarograms were obtained on 
these mixtures as well as on the component under investigation 
without any acetaminophen present. The results of this work are 
listed in Tables 11-IV. Ascorbic acid was the only interfering com- 
ponent found. 


The relative standard deviation of this technique for the analysis 
of solid dosage forms was found to be 0.5%; for liquid dosage forms 
it was 0.7z. This peak polarographic technique gives results that are 
in good agreement with those obtained by the NF XI11 (13) method 
on commercial samples (Table V). 


It should be noted that the amount of water present in the sup- 
porting electrolyte influences the magnitude of the peak current for 
acetaminophen. If the water content is increased over a certain level, 
i t  decreases the measured peak current for a given concentration of 
acetaminophen. This is demonstrated in Table VI. A maximum 


water concentration of 5 %  in the supporting electrolyte is recom- 
mended. 
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Stability-Indicating Method for Analysis of 
Homatropine Methylbromide in Pharmaceutical Formulations 


D. SPIEGEL’, S. AHUJA, and F. R. BROFAZI 


Abstract 0 A stability-indicating method of analysis for homatro- 
pine methylbromide in pharmaceutical formulations containing 
antacids was developed. The method is based upon the extraction 
of homatropine methylbromide with methanolic hydrochloric acid, 
followed by reaction with a modified Dragendorff reagent. The 
iodobismuthate complex is measured spectrophotometrically in a 
stabilized methanol-acetone solution at 382 nm. A homatropine 
methylbromide degradation product was isolated from these for- 
mulations and identified as tropine methylbromide. The Dragendorff 
method of analysis was found to be selective for homatropine 
methylbromide in that there was no interference from its major 
decomposition product. 
Keyphrases 0 Homatropine methylbromide formulations with 
antacids-extraction, iodobismuthate (modified Dragendorff re- 
agent) complexation, UV analysis, compared to silver nitrate 
titration Dragendorff reagent, modified-determination of hom- 
atropine methylbromide in formulations with antacids 0 UV 
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A specific method was desired for analyzing homatro- 
pine methylbromide in two capsule formulations con- 
taining antacids along with other excipients. Because 
some problems had been encountered with a relatively 
nonspecific silver nitrate titration for samples stored 


under accelerated conditions, experimental work was 
initiated to develop an alternative method of analysis 
for homatropine methylbromide in these formulations. 


The literature revealed that many researchers have 
investigated methods for analyzing mandelic acid es- 
ters of tropine compounds. Durick et al. (1) estimated 
some tropine alkaloids, including hornatropine methyl- 
bromide, using an acid-dye procedure with bromcresol 
purple. Our investigations showed that the method 
yielded erratic results because it was very sensitive to 
even slight variations i n  the acid strength of the analyti- 
cal solutions. The colorimetric determination with am- 
monium reineckate ( 2 )  and the UV estimations of the 
oxidation reaction products from cerimetric measure- 
ments (3,4) had to  be rejected due to  interferences from 
the formulations. A colorimetric procedure was used 
successfully by Patel and Lemberger (5) to  study the 
kinetics of the hydrolysis of homatropine methylbro- 
mide; however, their procedure could not be used to 
evaluate the stability of the alkaloid because of difficul- 
ties encountered in separating degradation products 
prior to color development. The phosphomolybdic acid 
reaction ( 6 )  has been used to  analyze homatropine 


1630 0 Joicrnal of Pharmaceutical Sciences 








To check on the reliability of this correction factor, a number of 
solutions containing varying amounts of acetaminophen andp-ami- 
nophenol were run. The results of this experiment are summarized 
in Table I. It is seen that in those samples where acetaminophen is 
the predominant species, accurate values can be obtained. From a 
practical point of view, this is not a very limiting shortcoming of the 
method since one is almost always analyzing samples with less than 
10% or no more than 20% degradation. 


To determine the general applicability of the technique to dosage 
form analysis, studies were run on acetaminophen in combination 
with other drugs, common tablet excipients, and common compo- 
nents of liquid preparations. In these studies, 50 mg. of acetamino- 
phen was combined separately with each component under study. 
The amount of each component was chosen to represent that level 
normally found in a formulation. Polarograms were obtained on 
these mixtures as well as on the component under investigation 
without any acetaminophen present. The results of this work are 
listed in Tables 11-IV. Ascorbic acid was the only interfering com- 
ponent found. 


The relative standard deviation of this technique for the analysis 
of solid dosage forms was found to be 0.5%; for liquid dosage forms 
it was 0.7z. This peak polarographic technique gives results that are 
in good agreement with those obtained by the NF XI11 (13) method 
on commercial samples (Table V). 


It should be noted that the amount of water present in the sup- 
porting electrolyte influences the magnitude of the peak current for 
acetaminophen. If the water content is increased over a certain level, 
i t  decreases the measured peak current for a given concentration of 
acetaminophen. This is demonstrated in Table VI. A maximum 


water concentration of 5 %  in the supporting electrolyte is recom- 
mended. 
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A specific method was desired for analyzing homatro- 
pine methylbromide in two capsule formulations con- 
taining antacids along with other excipients. Because 
some problems had been encountered with a relatively 
nonspecific silver nitrate titration for samples stored 


under accelerated conditions, experimental work was 
initiated to develop an alternative method of analysis 
for homatropine methylbromide in these formulations. 


The literature revealed that many researchers have 
investigated methods for analyzing mandelic acid es- 
ters of tropine compounds. Durick et al. (1) estimated 
some tropine alkaloids, including hornatropine methyl- 
bromide, using an acid-dye procedure with bromcresol 
purple. Our investigations showed that the method 
yielded erratic results because it was very sensitive to 
even slight variations i n  the acid strength of the analyti- 
cal solutions. The colorimetric determination with am- 
monium reineckate ( 2 )  and the UV estimations of the 
oxidation reaction products from cerimetric measure- 
ments (3,4) had to  be rejected due to  interferences from 
the formulations. A colorimetric procedure was used 
successfully by Patel and Lemberger (5) to  study the 
kinetics of the hydrolysis of homatropine methylbro- 
mide; however, their procedure could not be used to 
evaluate the stability of the alkaloid because of difficul- 
ties encountered in separating degradation products 
prior to color development. The phosphomolybdic acid 
reaction ( 6 )  has been used to  analyze homatropine 
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methylbromide; however, low recoveries were obtained 
when the procedure was applied to synthetic samples. 


A more promising method of analysis utilized the 
Dragendorff reagent (7). TLC experiments revealed that 
the Dragendorff reagent could be used selectively to 
analyze homatropine methylbromide; therefore, this 
colorimetric reaction was used as a basis for a spec- 
trophotometric determination. Quantitative analysis of 
homatropine methylbromide was obtained by determin- 
ing the absorbance of the alkaloid-iodobismuthate 
complex at  382 nm. in a stabilized acetone solvent (8). 
Recently, a colorimetric determination based on a ferric 
hydroxamate procedure was published. This procedure 
(9) was not tried on our formulations because it was 
published after these investigations were completed. 
However, it would be difficult to apply this method since 
it relies on an aqueous extraction of homatropine methyl- 
bromide from the formulation. The data presented in 
this paper utilize the Dragendorff colorimetric reaction 
for the quantitative analysis of homatropine methyl- 
bromide in formulations containing antacids such as 
aluminum hydroxide and magnesium trisilicate. 


EXPERIMENTAL 


Reagents-The following were used: acetone and methanol', 
spectroquality; homatropine methylbromide NF; 5 %  sulfuric acid; 
ethyl ether', reagent; hydrogen chloride gas2; methanolic hydro- 
chloric acid solution (bubble hydrogen chloride gas into 1 1. of 
methanol for approximately 1 hr., allow to cool to room tempera- 
ture, titrate the solution with standardized sodium hydroxide, and 
adjust the hydrochloric acid concentration to 0.1 N); and Dragen- 
dorff reagent as modified by Munier and Macheboeuf (7). Ten 
milliliters of glacial acetic acid and 40 ml. of distilled water are 
added to 850 mg. of bismuth subnitrate. To 40 ml. of this slurry, 
40 ml. of 40% aqueous potassium bromide solution, 125 ml. of 
glacial acetic acid, and 250 ml. of distilled water are added. 


Method-Surnple Procedure-Weigh one average capsule fill 
(equivalent to 1.25 mg. homatropine methylbromide/capsule) into 
a 250-ml. iodine flask and add 25 ml. of methanolic 0.1 N HCI (gas). 
Shake the mixture on the wrist-action shaker overnight. Filter the 
mixture through a medium sintered-glass funnel into a 250-ml. 
round-bottom flask with the aid of vacuum. Wash the residue in 
the funnel with methanol. Evaporate the solvent using a flash 
evaporator. Add I0 ml. of 5x sulfuric acid and swirl the contents 
for 1 min. Add 40 ml. of ethyl ether and swirl the contents for an 
additional minute. Quantitatively transfer the contents into a 250- 
ml. separator, using small quantities of distilled water and ethyl 
ether. Extract the aqueous layer two times with 50 ml. of ethyl 
ether and drain the aqueous layer into a 250-ml. beaker. Evaporate 
the residual ether under a gentle stream of nitrogen. Add the 
aqueous Dragendorff reagent (1 m1./10 ml. solution), and allow to 
remain under the nitrogen stream until the reaction product shows 
evidence of coagulation (about 2 hr.). Filter the reaction product 
onto a medium sintered-glass funnel with the aid of vacuum and 
eRect a quantitative transfer. Wash the complete precipitate with 
the mother liquor and air dry the precipitate. Water rinse any 
mother liquor from the underside of the funnel and stem. Place the 
funnel containing the reaction product onto a 50-ml. suction flask, 
and dissolve the product with small quantities of acetone. Transfer 
the acetone solution to a 50-ml. volumetric flask containing 25 ml. 
of methanol, and dilute to volume with acetone. Measure the ab- 
sorbance of the complex at  382 nm. in 1-cm. absorption cells on a 
suitable spectrophotometer. Prepare a blank solution of 50 ace- 
tone-50 % methanol by volume. 


Standcrrd Solutioti-An accurately weighed amount of homa- 
tropine methylbromide is dissolved in distilled water to yield a 
0.25-mg./ml. solution. Five milliliters of this solution (equivalent 


I Bakcr. 
2 Mathcson. 


Table I-Recoveries of Homatropine Methylbromide from 
Synthetic Preparations 


~ 


-Milligrams---. Percent 
Number Added Found Recovery 


1 1.250 1.270 101.6 
2 
3 
4 


1.290 1.302 100.9 
1.230 1.230 100.0 
1.345 1.347 100.1 


5 1.283 1.295 100.9 
6 1.245 1.260 101.2 
7 1.280 1.285 100.4 
8 1.265 1.250 98.8 
9 1.300 1.317 101.3 


10 1.265 1.265 100.0 
Average = 100.5 
Relative SD = &0.8% 


to 1.25 mg. of homatropine methylbromide) is transferred to  a 100- 
ml. beaker, and 2 drops of 5 %  sulfuric acid and 1 ml. of a freshly 
prepared Dragendorff. reagent is added. (The experiments showed 
that there was no difference in the results obtained by adding 1 ml. 
of reagent t o  1.25 mg. of homatropine methylbromide contained 
in either 5 or 10 ml. of solution.) The resulting precipitate is allowed 
to stand 1 hr. to facilitate filtration. The precipitate is filtered 
through a fine sintered-glass funnel with the aid of vacuum. The 
precipitate is dried by suction and dissolved in acetone directly 
in the sintered-glass funnel. The solution is quantitatively trans- 
ferred to a 50-ml. volumetric flask containing 25 ml. of methanol. 
Dilute to volume with acetone. Measure the absorbance of the 
standard solution in 1-cm. absorption cells on a suitable spec- 
trophotometer against a blank solution of 50z acetone-50 % 
methanol. 


TLC-Two capsule fills (equivalent to 2.5 mg. of homatropine 
methylbromide) are extracted overnight with 40 ml. of methanolic 
0.1 N HCI (gas). The mixture is filtered and evaporated, and the 
residue is taken up in 2 ml. of 95% methanol. Twenty microliters 
(equivalent to 50 mcg.) are spotted on a 250-11 thick silica gel G 
plate. The sample is developed to a distance of 10 cm. in a saturated 
chamber in acetic acid-ethyl acetate-water-hydrochloric acid 
(35:55:10:20). The Dragendorff reagent is used as the detector 
after the plate has been air dried. Homatropine methylbromide is 
detected as an orange spot at  an  Rf  of approximately 0.35. 


RESULTS AND DISCUSSION 


The Dragendorff colorimetric reaction with homatropine methyl- 
bromide was applied to synthetic capsule formulations containing 
antacids. Initially, low recoveries inhibited the successful appli- 
cation of the colorimetric reaction. Investigations showed that 
gelatin was extracted with aqueous dilute hydrochloric acid and 
interfered with the Dragendorff precipitation. To overcome these 
problems, methanolic hydrochloric acid was utilized as the ex- 


Table 11-Homatropine Methylbromide Assay Results from 
Formulation A 


-Assay, mg./Capsule- 
Batch Storage Conditions, Silver 


Number Temperature/Time Dragendorff Nitrate 


1 Initial 
2 Initial 


1.25 1.25 
1.22 1.21 


3 Initial 1.24 1.22 
4 25", 15 months 0.92 1.29 
5 25", 15 months 0.82 1.31 
6 6", 15 months 1.10 1.24 


25 ', 15 months 1.08 1.26 


7 25", 21 months 0.91 1.18 
8 25", 27 months 0.87 1.27 
9 6", 28 months 0.68 1.19 


25", 28 months 0.61 1.24 
40", 28 months 0.54 0.91 


10 40", 28 months 0.51 1.04 
11 40", 28 months 0.58 1.12 
12 40", 28 months 0.57 1.09 


40", 15 months 0.65 1.22 
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Table m-Homatropine Methylbromide Assay Results for 
Formulation B 


-Assay, mg./Capsule- 
Batch Storage Conditions, Silver 


Number Temperature/Time Dragendorff Nitrate 


4 


5 


6 


7 
8 
9 


10 
11 


12 


Initial 
Initial 
Initial 


1.29 1.31 
1.25 1.22 
1.22 1.22 


6", 3months 1.30 1.30 
25", 3months 1.24 1.30 
40", 3months 1.20 1.30 
6", 6months 1.31 1.26 


25", 6 months 1.26 1.21 
40°, 6months 1.20 1.17 
6", 12 months 0.83 1.31 


25", 12 months 0.74 1.34 
40°, 12 months 0.67 1.26 
25", 15 months 0.89 1.25 
25", 15 months 0.95 1.33 
25", 27 months 0.63 1.28 
25",  27 months 0.70 1.37 
25", 36 months 0.52 1.29 
40°, 36 months 0.34 1.15 
25", 36 months 0.53 1.26 
40", 36 months 0.48 0.71 


tracting solvent. Recoveries from synthetic preparations were some- 
what improved but were still unacceptable. An additional modifi- 
cation involved using completely anhydrous reagents, namely, 
anhydrous methyl alcohol and hydrogen chloride gas. Factors, 
such as acid strength in methanol and extraction time, were in- 
vestigated to find the proper conditions for the quantitative ex- 
traction of homatropine methylbromide. The studies showed that 
the best conditions for extracting homatropine methylbromide 
from the synthetic preparations were the use of 0.1 N hydrochloric 
acid (gas) in anhydrous methanol and an overnight extraction. 


The results of some synthetic preparations where recovery data 
were obtained are shown in Table I. 


Low results were obtained with formulations stored under ac- 
celerated conditions. TLC investigations of these formulations 
revealed the presence of a component at Rf 0.25 which gave a purple 
color with the DragendortT reagent. This component was isolated 
by preparative TLC and identified to be tropine methylbromide 
based on microelemental analysis, melting point, and IR (10). No 
other Dragendoe-sensitive decomposition products of homa- 
tropine methylbromide were detected. Tropine methylbromide was 
also prepared in the laboratory by refluxing homatropine methyl- 
bromide in methanol, followed by recrystallization with ethyl ether. 


Efforts were made to determine the selectivity of the Dragendorff 
procedure. These investigations showed that although tropine 
methylbromide was reactive with the Dragendorff reagent, it did 
not interfere in the assay procedure because it did not yield any 
precipitate. This statement is based upon recovery experiments 
where the following combinations of homatropine methylbromide- 
tropine methylbromide were mixed together with excipient material 
from the formulation: (a) 0.25 mg./0.75 mg., (b)  0.50 mg./0.50 mg., 
and (c )  0.75 mgJ0.25 mg. Recoveries in the order of 98 were ob- 
tained from these experiments. These studies showed that the 
Dragendorff colorimetric assay is specific for homatropine methyl- 
bromide in the formulations studied. 


The analytical procedure was applied to recently produced 
batches of the formulations as well as retainer and stability samples. 


The results were compared to values obtained by a silver nitrate 
potentiometric titration and are shown in Tables I1 and 111. A 
comparison of the data reveals the following: 


1. On recently produced batches, there is good agreement be- 
tween the Dragendorff colorimetric procedure and the silver nitrate 
titration method. 


2. Lower results were obtained by the Dragendorff method for 
samples stored under accelerated conditions than by the silver 
nitrate method. This can be attributed to the fact that the silver 
nitrate method is not specific because it measures any titratable 
bromide, whereas the Dragendorff method is specific and does not 
measure the main decomposition product of homatropine methyl- 
bromide, namely, tropine methylbromide. 


Additional studies were conducted to prove that the lower re- 
sults obtained by the Dragendorff procedure were valid and were 
not due to extraction problems. The formulation residues were 
examined for homatropine methylbromide content by TLC. The 
analysis showed that homatropine methylbromide was not detected 
in the residues, thereby showing that all of the active ingredient was 
extracted and subsequently measured. 


CONCLUSIONS 


An assay method for the specific determination of homatropine 
methylbromide in two formulations containing antacids was de- 
veloped. Homatropine methylbromide was found to be unstable 
in both formulations after 6-12 months of storage at room tem- 
perature. The main decomposition product of homatropine methyl- 
bromide in these formulations was tropine methylbromide. This 
decomposition product does not interfere with the Dragendorff 
colorimetric assay procedure. TLC was used to detect the presence 
or absence of the tropine methylbromide decomposition product in 
these formulations. Although this assay and TLC methods were 
applied to only two capsule formulations, the authors feel that both 
procedures can be used to study the stability of homatropine 
methylbromide in other formulations. 
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Structure of Sanguidimerine, a New Major 
Alkaloid from Sanguinaria canadensis (Papaveraceae) 


M. TIN-WA, H. H. S .  FONG, D .  J .  ABRAHAM*, J .  TROJANEKt, and N .  R .  FARNSWORTH' 


Abstract 0 Structure elucidation of a new major alkaloid, san- 
guidimerine, was based on the interpretation of its physical and 
chemical characteristics and was verified by partial degradation and 
semisynthesis. The possibility of the natural occurrence of sangui- 
dimerine in Suriguirlarin cariaderisis is also discussed. 


Key phrases Satiguimrh ca/icde~rsis (Papaveraceae)-structure 
elucidation of sanguidimerine 0 Sanguidimerine. alkaloid from 
Smrguimria camdensis- -structure 0 Alkaloids-structure of san- 
guidimerine isolated from Sauguirrarin carrudemis 


During a continuing search for anticancer compounds 
from plants, an investigation was initiated on the rhi- 
zomes of Sunguinuriu canadensis because o f  its reputed 
use as a folk remedy and because certain alkaloids 
(e .g . ,  sanguinarine and chelerythrine) present in S. 
canadensis have been shown to possess antitumor 
activity (I).  The study resulted in the isolation of 
sanguinarine and a new alkaloid designated as SC-2, 
which was assigned the trivial name sanguidimerine (2). 


This report concerns the structure elucidation of 
sanguidimerine. 


DISCUSSION 


Sanguidimerine ( I ) ,  a crystalline base, m.p. 174', [a]? +21.2" 
(concentration 0.5 in pyridine), was found to  be only slightly soluble 
in most organic solvents and insoluble in water. It was determined 
earlier (2) that the UV absorption of this base (Table I )  was very 
similar to that of the benzophenanthridine-type alkaloids and, par- 
ticularly, to  that of dihydrosanguinarine (3). A nonconjugated car- 
bony1 was evidenced by a strong absorption at  1710 cm.-I in the 1R 
spectrum. 


Analysis by means of high resoliition mass spectrornelry (Tables 
11 and 111) showed that I exhibited a molecular peak at m/e 720, 


Table I--UV Spectra of Sanguidimerine and 
Dih ydrosanguinarine 


Alkaloid A,nax. nm. (log 4 Reference 


Sanguidimerine 235 (4.65); 2R4 (4.63); 323 (4.23) 2 
Diliydrosanguinarine 236 (4.62); 284 (4.62); 323 (4.28) 3 


corresponding with a molecular formula of C43H3zNnO!, (Table 111). 
During the fragmentation (Scheme I), hydrogen transfer occurred. 
producing an ion at m/e 389 which was consistent as heing identical 
to acetonyl dihydrosanguinarine, C2-HI.,NOj, and which further 
fragmented to give a base peak at  nt/e 332 This latter peak was veri- 
fied by high resolution measurements (Ta.ble 111) to be C,oHlrN04, 
i.e., the sanguinarium ion (ion h). Formation of the sanguinarium 
ion was further evidenced by the presencc of some diagnostic ions, 
r ,  d ,  and e ,  at m/e 317 (ion h- 15). 259 (ion b - 15 - 58). and 201 
(ion b - 58 - 58 - IS). which were previously observed in the 
mass spectrum of sanguinarine pseudocyanide and related bases by 
Slavik ei a / .  (4). 


Treatment of 1 with hydriodic acid yiclded sanguinarine as the 
iodide, and the stoichiomctric ratio suggested that one part of 
sanguidimerine ( I )  produced two parts of sanguinarine iodide, which 
further established that the two parts of the dimer were identical 
(dihydrosanguinarine moiety) and were linked together by means 
of a C3H;O group which contained a carbonyl function. 


Previously, a similar benzophenanthridine dimer alkaloid ( 5 )  was 
isolated from Chrliodonium mcrjus. Upon comparison, it was found 
that these two alkaloids. sanguidimerine ( I )  and chelidimerine, pro- 
vided Identical IR,  UV. and mass spectra.. However, they differed 
with respect to melting points (174" ccrsus 258-260"), solubility 
characteristics, and optical rotations. While sanguidirnerine was 
only slightly soluble in most organic solvents, chelidimerine was 
readily soluble in these solvents. A positive specific rotation was 
observed for sanguidimerine, whereas chelidimerine was optically 
inactive. It was, therefore, logical to assume that these two bases 
were isomers, sanguidimerine being the optically active (+) com- 
pound. Preliminary single-crystal X-ray crystallographic data sug- 
gested that chelidimerine was a meso-compound (5). The data thus 
suggested sanguidimerine ( I )  to be ( + ) - I  ,3-bis(l l-hydrosanguin- 
ariny1)acetone. 


Table 11--Mass Spectrometric Data for Sanguidimerine 


Abundance, %a mle 


720 
389 
362 
332 
317 
316 
274 
259 
20 1 


4 
2 
2 


100 
12 
2 
4 
3 
3 


= Spectra were obtained using a double-focusing mass spectrometer 
MS9. Allied Electrical Instrurnent Industries 1-td., Manchester. England. 







Table ID[-High Resolution Measurements of Selected Ions 
for Sanguidirnerinea 


~~~ ~~~~~ 


Ion Observed Calculated 
Composition mle mle 


c=o 
I c= o+ 
I 
CH, 


I J  iona (mle 389) 


1 
I(m/e 720) 


ionc(rn/e317) .-- -15 0 @:) 
L O  CHJ 


ion b (mle 332) 
J-58 1 - 2 X 5 8  


ion d\m/e 259) 


Schemr I-Mass Spt~ctral Fragmentation 01' Sanguidirnerine 


ion e(rn/e 201) 


To confirm the structure, the synthesis of sanguidimerine was 
done according to the procedure of MacLean et al. (6) for the syn- 
thesis of bis( 11-hydroche1erythrine)acetone. This was accomplished 
by the base-catalyzed condensation of sanguinarine and freshly 
prepared acetonedicarboxylic acid. The resulting product gave IR,  
UV, and mass spectra features identical with those of sanguidimer- 
ine. 


Inasmuch as this common plant S. curiudrrisis had been studied 
extensively, it seemed surprising that a major alkaloid such as 
sanguidimerine had eluded earlier workers. It is presumed that this 
type of alkaloid was missed previously because of the drastic nature 
of the isolation techniques employed by earlier investigators (7-9). 
For example, the scheme utilized by Slavik and Slavikova (9) uti- 
lized pseudocyanide formation as an aid in the isolation of alkaloids 
from S.  canadensis. The benzophenanthridine alkaloids present in 
S. canadensis are pseudobases. Hence, there exists a possibility of 
undesirable side reactions occurring due to the cyanide ion or other 
nucleophilic agents utilized during these isolation procedures. The 
success of isolating a new major alkaloid having a novel structure 
may, therefore, be attributed to the rapid and less drastic isolation 
methods employed in our work. 


MacLean r t  al. (6) also recently reported the isolation of an alka- 
loid similar to sanguidimerine, and they ruled out the possibility of 
it being an artifact. A recent isolation of corynolarnine from Co- 
rydalis incisa and bocconoline from Macleaya corduta by Ishii et ul. 
(10) demonstrated the possibility of a biogenetic introduction of the 
carbon unit at CII of the benzophenanthridine nucleus. This further 
supports the possibility of the natural occurrence of sanguidimerine 
in S. canadensis. In fact, it may not be presumptuous to speculate 
that these types of alkaloids are real natural products, and certain 
of the monomeric alkaloids reported previously may be at  least 
partially artifacts produced as a result of the isolation procedures 
employed. 


EXPERIMENTAL 


Conversion of Sanguidirnerine to Sanguinarine (Iodide)-Hydriodic 
acid (57 %) was added dropwise to  a methanolic solution containing 
0.10 g. of sanguidimerine until the solution was acidic. The resulting 
solution, upon chilling, gave crystals. Recrystallization from acetone 
gave red needles (0.08 g.) melting at 229" dec. The product was 
identified as sanguinarine iodide [identical melting point, IR,  UV. 
and mass spectra with an authentic sample (2)]. 


Synthesis of 1,3-Bis(ll-hydrosanguinarinyl)acetone-Sanguin- 
arine (100 mg.) was dissolved in pyridine (5 ml.), and freshly pre- 
pared acetonedicarboxylic acid (30 mg.) was added according to the 


720.2126 720.21 08 
389.1261 389.1263 
362.1011 362.1028 
332.0929 332.0923 


Spectra were obtained using a double-focusing mass spectrometer 
MS9, Allied Electrical Industries Ltd., Manchester, England. 


method of MacLean et al. (6). Pyridine was removed in uucuo, and 
the residue was chromatographed over a column packed with silicic 
acid-diatomaceous earthL (4:l) in benzene; a blue UV fluorescent 
band was eluted with benzenechloroform (9 : 1). This fraction was 
taken to  dryness in uacuo, and the residue was crystallized several 
times from chloroform-methanol (3 : 1) to yield 20 mg. of colorless 
plates, m.p. 160-164" and 250-258"; [a]: +Oo (concentration 0.5 
in chloroform). The IR, UV, and mass spectra of this synthetic 
product were identical with that of the isolated chelidimerine. 


Biological Activity of Sanguidimerine-Sanguidimerine was evalu- 
ated for antitumor activity in the 5WA (Walker carcinosarcorna 
256, subcutaneous) and 3PS (P-388 leukemia) test systems and for 
cytotoxicity in the 9-KB carcinoma of the nasopharynx in cell cul- 
ture according to established protocols (1 l) .  The alkaloid was in- 
active in the WA and PS test systems, and gave ED50 of 2.7 X 10' 
mcg./ml. in the 9-KB assay. The minimal acceptable standards for 
cytotoxicity are EDso 4 1.0 rncg./ml. 
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oil was subjected to preparative TLC on silica gel H F ~ M  + 366 (ethyl 
acetate). The higher R f  band gave 0.042 g. of an oily product, which 
was characterized as phenol on the basis of IR and UV spectra as 
well as TLC. The lower R, band gave the desired product, IX, as 
an oil, 0.21 g. (82x). The IR spectrum showed bands at  3472, 3333, 
and 1681 cm.-l. There was no UV absorption in the 240-290-nm. 
region. 


Method B-Compound VII (0.60 g., 1.89 mmoles) was subjected 
to hydrolytic conditions identical to those outlined in Method A. 
The product obtained following workup was identical to the one 
obtained by the previous method (0.42 g., 85%). 
cis-Hexahydro-4-(4-cyanobutyl)-2-cyclope.ntimidazolone (X)-A 


solution of 0.25 g. (5.0 mmoles) of sodium cyanide in 1.0 ml. of 
water was added to a solution of 0.13 g. (0.5 mmole) of the bromo 
derivative IX in 5.0 ml. of methanol. The reaction was refluxed 
for 20 hr., the solvent was evaporated to dryness, and the oily 
residue was purified by preparative TLC (25% methanol in chloro- 
form). The nitrile was obtained as a colorless oil (0.097 g., 94%). 
The IR spectrum showed bands at 3472, 3247, 2247, and 1681 
ern.-'. 
Hexahydro-4-(4-carboxybutyI)-2-cyclopentiddazolone (Carbo- 


biotin) (XI)-Compound X (0.21 g., 1.0 rnmole), dissolved in a 
mixture of 15 ml. of methanol and 8 ml. of 3 N aqueous potassium 
hydroxide, was heated on the steam bath for 5 hr. The reaction 
mixture was concentrated to one-third of its original volume and 
acidified with 10% hydrochloric acid (Congo Red). The white 
precipitate was filtered and dried, affording 0.19 g. (83%) of crude 
product, m.p. 187-195". Several recrystallizations from 95% 
ethanol gave colorless crystals of XI, m.p. 211-213". The IR spec- 
trum (mineral oil) showed bands at 3257 and 1695 cm.-l. 


Anal.-Calc. for CllH18N?O3: C, 58.40; H, 8.02; N, 12.38. Found: 
C ,  58.48; H, 7.89; N, 12.47. 
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Effect of Volume of Distribution on 
Plasma Levels of Total Radioactivity 


Keyphrases Volume of distribution-effect on plasma levels of 
total radioactivity, intravenous haloperidoL3H, man 0 Plasma 
profile of radioactivity-atypical appearance after intravenous 
haloperidoL3H administration, man, effect of volume of distribu- 
tion Hal~peridol-~H, intravenous, man-effect of volume of 
distribution on plasma levels of total radioactivity, atypical profile 
discussed 0 Radiolabeled haloperidolbeffect of volume of dis- 
tribution on plasma levels, atypical profile discussed, intravenous 
administration, man 


Sir: 


An unusual but, in retrospect, not unexpected pharma- 
cokinetic phenomenon was observed following intra- 
venous administration of ha l~per idol -~H (generally 
labeled). Figure 1 shows the mean plasma level profile 


of total radioactivity obtained in three healthy male sub- 
jects following intravenous administration of 2 mg. of 
haloperidol- 3H. The concentration of tritium in each 
sample was determined using a liquid scintillation 
counter' and internal standards. All samples were 
counted to  less than a 1% counting error. The purity 
of the hal~peridol-~H used was 99+% as determined 
by solvent extraction and TLC. Heparinized plasma 
samples were removed at 0 (predose), 10, 20, 40, and 
60 min. and at  2,4,6,8, 12,24,48,72, and 96 hr. 


The profile of Fig. 1 is not what one would expect 
following intravenous administration. Instead of the 
expected maximum at the first sample time followed 
by a decline, the plasma levels of total radioactivity 
increased over the 96-hr. period of observation. The 
cumulative urinary excretion profile (Fig. 2) shows 
that significant excretion of radioactivity occurred 
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Figure 1-Mean plasma levels (+SE) of total radioactivity, ex- 
pressed as nanograms per milliliter haloperidol, in three subjects fol- 
lowing intravenous administration of 2 mg. of haloperidol- 3H, 


25 


24 48 72 96 
H O U R S  


Figure 2-Cumulative urinary excretion of radioactivity (=kSE), 
expressed as percent of administered dose, in three subjects following 
intravenous administration of 2 mg. of haloperidol- 3H. 


during the period of increasing plasma levels. Signifi- 
cant fecal excretion of total radioactivity was also 
observed by the authors in rats and humans given oral 
and intravenous doses of haloperidol. 


For drugs whose volume of distribution (V,) is 
larger than the volume of total body water ( V ,  of 
haloperidol -700-1000 1. uersus -42 1. for body 
water), the formation of water-soluble metabolites 
might be expected to produce a decrease in the apparent 
volume of distribution of total radioactivity. If these 
metabolites were excreted more slowly than they were 
produced (e.g., than haloperidol was metabolized), 
they would accumulate in the plasma. Because total 
radioactivity is a nonspecific measure of drug in the 
plasma, it would be possible, under these conditions, 
for plasma levels of radioactivity to increase. The 
increase could occur without further drug absorption 
and while a significant percent of the radioactivity was 
being eliminated uia the urine and/or feces. 


z -  
2 4 6 8 10 12 24 48 


H O U R S  


Figure %Mean plasma levels (+SE) of haloperidol (haloperidol- 
like substances) in three subjects following intravenous administration 
of 2 mg. of haloperidol-3H. 


Table I-Volatile Radioactivity (%), Tritiated Water, 
in Selected Plasma Samples 


~ ~ ~ 


I-- Hours - 
Subject 0 .33 1 8 96 


88 - 20 
91 0 


- - 33 93 


- 
- - 


1 
2 
3 


The mean plasma levels of haloperidol-like substances 
(substances extracted from alkaline plasma into ethyl 
acetate) are shown in Fig. 3. This plasma level profile 
is more characteristic of that expected following intra- 
venous administration of a drug. Based on the metabo- 
lism of haloperidol (l), the theoretical position of the 
radioactive label, and TLC of selected ethyl acetate 
samples, these levels (Fig. 3) represent only intact 
haloperidol, at least at the early time points. 


Comparison of Fig. 3 with Figs. 1 and 2 suggests 
that more than one tritium-labeled metabolite is in- 
volved. To produce continued urinary elimination 
of radioactivity with simultaneous increases in plasma 
levels, after elimination or metabolic conversion of all 
plasma haloperidol, at least two metabolites are re- 
quired. Because of the nature of the radioactive label and 
the extensive metabolism of haloperidol in animals (l), 
some tritiated water would be expected as a metabolic 
end-product. The amount of 3Hz0 (volatile radioactivity 
assumed to  be 3HzO) was determined in selected plasma 
samples by lyophilization. The results are summarized 
in Table I. The circulating 3H20 at 96 hr. represents 
only 5 %  of the total dose of tritium. However, be- 
cause of the large volume of distribution difference 
between haloperidol and body water, the plasma level 
of radioactivity is higher at 96 hr. than it is at 10 min. 
At the early sample times (2-72 hr.), the circulating 
radioactivity is composed of haloperidol- 3H, 3Hz0, 
and metabolites. The half-life of haloperidol is too 
short (3-5 hr.) and the half-life of water is too long 
(7-14 days) (2-4) to provide, by themselves, the profile 
observed. This is consistent with the multistep metabolic 
path for haloperidol (1). 


In summary, a plasma profile of radioactivity was 
obtained following intravenous administration of 
haloperidol- 3H which, while consistent with established 
principles of pharmacokinetics, was atypical in appear- 
ance. Similar phenomena might be expected with other 
radioactive drugs which have large volumes of dis- 
tribution. 
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Release Rates of Solid Drug Mixtures Dispersed in 
Inert Matrixes IV: Binary Mixture of Amphoteric 
Drugs Released into Reactive Media 


FAUZI SJUIB*, ANTHONY P. SIMONELLIT, and WILLIAM I. HIGUCHI' 


Abstract 0 This study was a critical examination of the physical 
model approach to the understanding of release of interacting drug 
mixtures from an inert matrix into reactive media. The experi- 
mental system selected was the sulfapyridine-sulfadiazine mixture 
dispersed in a polyvinyl chloride matrix. Drug release rates in ace- 
tate, phosphate, and tromethamine buffers and in hydrochloric 
acid and sodium hydroxide solutions were investigated. The data 
were analyzed by appropriate models based upon the considera- 
tion of simultaneous equilibria and transport of all species in the 
system. The experimental results were generally found to be in good 
agreement with theory. A point of special interest was that it was 
necessary to consider the precipitation of drug in the matrix dur- 
ing drug release in alkaline buffers in order to obtain satisfactory 
agreement between experiment and theory. 


Key phrases Release rates of solid drug mixture (sulfapyridine- 
sulfadiazine) embedded in inert matrix-effect of reactive solvents, 
equations Sulfapyridine-sulfadiazine mixture---release from in- 
ert matrix, solvent effects, equations 0 Drug mixtures, solid 
(sulfapyridine-su1fadiazine)-release from inert matrix, solvent 
effects, equations 0 Binary drug systems-release from inert ma- 
trix, solvent effects, equations Amphoteric drug mixture (sulfa- 
pyridine-su1fadiazine)-release from inert matrix, solvent effects, 
equations 


In  a previous study the simultaneous release of two 
solids dispersed in an inert matrix into a solvent con- 
taining reactive constituents was investigated (1). Equa- 
tions based on a diffusion-controlled model were 
derived which considered the simultaneous equilibria 
and transport of all species in the system. These experi- 
ments, involving the release of benzoic acid-salicylic 
acid mixtures dispersed in  a polyethylene-polyvinyl 
chloride mixed matrix into phosphate buffers, were ana- 
lyzed by means of the theory employing an approach 
involving the determination of a self-consistent set of 
physically meaningful parameters. 


The purposes of the present study were to  conduct a 
more critical test of the model and to generalize the 
problem to include a wider range of solvent and solute 
characteristics. The sulfadiazine-sulfapyridine-poly- 
vinyl chloride system was selected because it offered the 
following advantages over the system described in the 
previous report (1): 


1. Because of the low intrinsic solubilities of both 
drugs, large effects of buffers on the solubilities were 
expected. Therefore, a wide range of rates and a more 
substantial test of the theory were anticipated. 


2. Also because both drugs are amphoteric, it was 
anticipated that the influences of the two pKa's of both 
drugs could be evaluated over a wide pH range. 


3. The choice of 100% polyvinyl chloride provided a 
matrix that was expected to wet well (2, 3) and thereby 
yield good access of the solvent to the pores and not 
contribute to the uncertainties in  the analysis. 


It was decided to use a 1: 1 wjw ratio of sulfadiazine 
and sulfapyridine where the total drugs represented 
20x of the total tablet. This drug composition was such 
that a crossover behavior was predicted by the theory. 
That is, at low pH, sulfapyridine was expected to release 
faster than sulfadiazine; and at high pH, sulfadiazine 
was expected to  release more rapidly than sulfapyr- 
idine. 


The following four solvent systems were chosen be- 
cause they represented limiting behavior with regard to 
release mechanisms: 


1. Acetate buffer at pH 4.7, where only the diffusion 
of the neutral species was expected to be important. 


2. Sodium hydroxide solution, where the hydroxide 
ion would indiscriminately react with whichever drug 
phase it encountered. 


3. Hydrochloric acid, where the protonated species 
of drugs would significantly contribute to  the overall 
release depending upon the first acid dissociation con- 
stants of the drugs. 


4. Phosphate and tromethamine buffers, where the 
negatively charged species of the two drugs would con- 
tribute to  the overall transport depending upon the 
second acid dissociation constants of the drugs and 
dissociation constants of the buffers. 


THEORY 


An amphoteric drug, HA, such as a sulfa in an aqueous solution, 
has the following equilibrium: [H?A+] [H+l + [HA] ~ [H'] f 
[A-1, where H?A+ is the protonated form and A- is its negatively 
charged species. The ratio of the concentration of its species de- 
pends upon the pH of its solution. If the pH is much higher than its 
isoelectric point, the negatively charged species, A-, is the prin- 
cipally charged species; a t  a pH much lower than the isoelectric 
point, the protonated form is predominant. However, if the pH of the 
solution is near the isoelectric point of the amphoteric drug, the 
drug involves an equilibrium of its neutral species, HA, with either 
the protonated or negatively charged species. At the isoelectric 
point, essentially all of the drug exists as the neutral species. There- 
fore, the species present in solution varies with the pH of its solvent, 
and the various solvent systems employed for these studies were 
expected to provide different drug release patterns. 


The following discussion involves the theoretical analysis of the 
release of a sulfadiazine-sulfapyridine (1 : 1) mixture from a poly- 
vinyl chloride matrix into four solvent systems. Equations were de- 
rived based on the species involved in each system. 


Acetate Buffer, pH 4.7, as Solvent-Figure 1 shows the diffusion- 
controlled model in the acetate buffer case. According to the model, 
because the pH is near the isoelectric points for both drugs, only 
the diffusion of neutral species should be important. Figure lu  
shows the initial conditions, in which both drugs exist solely as 
solids embedded in the matrix Region 3. Figure l b  shows the condi- 
tions existing after a finite time, t .  Because of the lower intrinsic 
solubility of sulfadiazine (HSD), the sulfadiazine boundary, SI, 
moves more slowly than the sulfapyridine boundary, s2. Diffusion 
of sulfapyridine (HSP) occurs in both Regions 1 and 2, while dif- 
fusion of sulfadiazine, HSD, occurs only in Region 1. 
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Figure 1-Diffusiori-coiitrolled model for  release of sulfadiaziiie- 
sulfapyridine ( 1 : I )  from un inert matrix into acetate buffer, p H  4.7. 
Key: (a), conditions existing at time t = 0; and (b), conditions exist- 
irig atjinite time, t .  


For this situation the release of the components is governed 
by the equations previously derived (4), the only changes required 
being the physical parameters of the individual components, HSD 
and HSP for HS and HB. The resultant equations are: 


!& f'/2 - - [ DS TI t' (2AD - cl(HSD)*}(HSD)*]li2 (Eq. 1) 


where DS is equal to the diffusion coefficients for sulfadiazine and 
sulfapyridine, which were assumed to be equal; AD and AP are the 
solid concentrations of sulfadiazine and sulfapyridine in the tablet, 
respectively; (HSD)* and (HSP)* are the intrinsic solubilities of 
sulfadiazine and sulfapyridine, respectively; QD and Qp are the 
amounts of sulfadiazine and sulfapyridine released after time t ,  re- 
spectively; el and e2 are the porosities in Regions 1 and 2, respectively; 
and r1 and are the tortuosities in Regions 1 and 2, respectively. 
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Figure 2-Diffusiori-coiiirolled model for release of sulJkJiurine- 
sulfapyridine ( I  : I )  front an inert matrix into sodium liydroxide solrr- 
tion. Key: (a) ,  conditions existing at time t = 0; and ( b ) ,  conditions 
existing at finite time, t. 


Sodium Hydroxide Solution as Solvent-Figure 2 describes the 
model when a sodium hydroxide solution is employed as the sol- 
vent. The hydroxide ion, OH-, diffuses into the matrix and reacts 
completely with whichever drug species it encounters to form the 
negatively charged species of sulfadiazine, SD-, and sulfapyridine, 
SP-. There is no Region 2 in this case. From this model, differential 
equations were obtained which described the diffusional behavior 
of the various species involved in this system. Since the transport 
rate of hydroxide ion into the matrix must be equal to the sum of 
the diffusional rates of SD- and SP- out of the matrix, it follows 
that: 


where DOH is the diffusion coefficient of hydroxide ion in water; and 
DS is, again, equal to the diffusion coefficients for sulfadiazine and 
sulfapyridine in either the neutral or ionized state. The total trans- 
port rates, GO amd GP, out of the matrix for sulfadiazine and sul- 
fapyridine, respectively, are given by the following equations: 


The requirement of mass balance dictates that the amount of drug 
released at time t is equal to the original amount of drug in the 
matrix less the amount of drug in the matrix at time f .  This require- 
ment is given by the following equation: 


1 
Qt) + Qp = (AD + AP)SI - j €1  ((HSD)* + (SD-)l + 


(HSP)* + (SP-)i ) ~ i  (Eq. 6 )  


By definition: 


Integration of Eqs. 3-5 from x = 0 to x = sl and then,solving the 
resultant equations simultaneously with Eqs. 6 and 7 yield the fol- 
lowing equation: 


This equation was then used to analyze the experimental data for 
this system. 


Hydrochloric Acid as Solvent-Figure 3 illustrates the case in 
which hydrochloric acid is the solvent. Figure 3a represents the initial 
condition ( t  = 0) ,  and Fig. 36 shows the conditions existing at a 
finite time later, t .  Hydrogen ion, H+, diffuses into the matrix and 
interacts with the neutral species of the two drugs to produce the 
protonated species HISD+ and H2SP+. The protonated species as 
well as the neutral species of both drugs in both Regions 1 and 2 are 
important in their total transport. 


For the 1:l  drug mixture case, the sulfadiazine boundary, SI, 
should move more slowly than the sulfapyridine boundary, s2, be- 
cause of two factors. First, the intrinsic solubility of sulfapyridine 
is larger than that of sulfadiazine. Second, the first acid dissociation 
constant for sulfapyridine is smaller than that of sulfadiazine. 


From this model, differential equations were obtained which de- 
scribe the diffusional behavior of the various species in Regions 
1 and 2. For the equations to  be developed in this section, DH is 
the diffusion coefficient of hydrogen ion in 0.5 M NaCl solution, 
and DS is the diffusion coefficient for either drug in the neutral and 
protonated forms. 


Since the rate of hydrogen-ion transport into the matrix must be 
equal to the rate of transport of the protonated species HSD+ and 
H2SP+ out of the matrix, it follows that: 


1382 Journal of Plrarmuceutical Sciences 







The total transport rates, GP and GD, out of the matrix for sulfa- 
pyridine and sulfadiazine, respectively, are given by the following 
equations: 


3 


In the same manner, three similar equations can be obtained for 
Region 2: 


8 


where GPf and GD' are the total transport rates of sulfapyridine 
and sulfadiazine out of Region 2, respectively. The rate of total 
transport of the sulfapyridine species out of the matrix, GP, is 
equal to the rate of transport out of Region 2, GP', because Region 
2 is rate controlling. GL)', however, is not equal t o  GD because 
Region 1 is rate controlling. 


By assuming that the concentration of all drugs is zero in the 
bulk solution at  all times, that is, by assuming a perfect sink situa- 
tion, Eqs. 9-1 1 can be integrated from x = 0 to  x = SI t o  give: 


DH{(H+)o - (H+)i) = Ds((HzSD+)i +(HzSP+)iJ (Eq. 15) 


Ds {(HzSP+)1 + (HSP)1) = Gpsl (Eq. 16) 


(Eq. 17) 


71 


Ds 5 {(HzSD+)I + (HSD)l] = GDSI 
71 


Equations 12--14 can also be integrated from x = s1 to x = sz: 


DH{(H+)I - (H+)z) = Ds{(HzSD+)z - (HzSD+)i + 
(HzSP+)z - (HzSP+)i) (Eq. 18) 


Ds I(HZSP+)z - (H*SP+)l + (HSP)z - (HSP)i) = 


GP(SP - si) (Eq. 19) 


D:? I(H?SD+)z - (HSD+)1 + (HSD), - (HSD)1) = 
7 2  


CD'(SZ - SI) (Eq. 20) 


The subscripts 0, 1,  and 2 denote the concentrations of the respec- 
tive species at  x = 0, x = SI, and x = SL. 


It was assumed that the following equilibria exist in all regions: 
HSD + H+ f HzSD+ and HSP + H+ s H2SP+, and therefore 
obey the following relationships: 


(Eq. 21: 


where K , ~ D  and KISP are the first acid dissociation constants of 
sulfadiazine and sulfapyridine, respectively. The principal equilib- 
rium governing the system obtained from the above equilibria is 
given by HSP + HzSD+ 2 H2SP+ + HSD. 


The above equilibrium indicates that the protonated sulfadiazine, 
HtSD+. is converted to neutral species in Region 2, because KIsp is 
smaller than K i s ~ .  In addition, the presence of solid HSD in Region 
2 may dictate that the concentration of HSD in Region 2 should be 
equal to its intrinsic solubility. However, since the protenated form 
of sulfadiazine, HLSD+, is being converted to  the neutral species, 
HSD, there are two physically reasonable or possible cases in this 
region: either precipitation of HSD somewhere in Region 2 might 
occur or Region 2 might become supersaturated with respect t o  
HSD. 


S O L I D  


2 1 8 


S O L  U T l O  N 


H S D  I I 
x=o 


Figure 3-Diffusiori-cotitrolled model for release 0.f siilfadiazitie- 
sulfapyridirie ( 1 : I )  from an inert matrix into hydrocliloric acid solu- 
tion. Key: (a), corzditioris existing at time t = 0; arid (b) ,  conditions 
existirig atjinite time, t. 


Case I (Precipitation bi Regiori 2 Allowed)-A suitable set of 
boundary conditions can be specified for the case in which precipita- 
tion of HSD in Region 2 is permitted. If the rate of precipitation is 
sufficiently rapid, it may be assumed that the concentration of HSD 
in solution in Region 2 is equal t o  its intrinsic solubility; therefore, 
the following boundary conditions exist for HSD: (HSD)I = 
(HSD)* and (HSD), = (HSD)*. The absence of solid (HSP) in 
Region 2, however, means that the concentration of (HSP) in 
Region 2 is less than its intrinsic solubility; therefore, a saturated 
solution of HSP exists only at the boundary s l ,  i.e., (HSP)L = 
(HSP)*, where (HSP)* is the intrinsic solubility for sulfapyridine. 
It should be emphasized that these boundary conditions are con- 
sistent with the assumptions that the processes are all diffusion 
controlled and that rapid equilibria among species and phases exist 
at  any coordinate, x .  Because of this precipitation, the net transport 
rate of total sulfadiazine species in Region 2, Go', may not be zero. 


By simultaneously solving Eqs. 15-20, equations were obtained 
which could be used to  describe the drug release as a function of 
time. To test the model, these equations were solved to obtain ex- 
pressions which could be used to  analyze experimental data. The 
following expression involving the transport rate of total sulfapyri- 
dine (all species) was obtained by analysis of Region 2 equations: 


(Eq. 23) 


In addition, an expression involving the rate of total sulfapyridine 
obtained by analysis of Region 1 equations was found to be given 
by : 


For convenience of analysis, as will later be seen, the expression was 
not solved explicitly for GP. In Eqs. 23 and 24, the quantities (HSP)!, 
(H+)l, and (H+)z cannot be experimentally measured but the fol- 
lowing expressions containing measurable quantities may be sub- 
stituted for them: 


(H+>l =$& - (HSD)* ] 
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Case I1 (Supersaturation in Region 2)-This case is probably the 
less likely one, since it is expected that it would be difficult to main- 
tain a supersaturated solution of HSD in the presence of its solid 
phase. This case involves the following boundary conditions : 
GD' = 0, (HSD)I = (HSD)*, and (HSP), = (HSP)*. In this case, 


Although the slopes of the concentration profiles of both species, 
HSD and H2SDf, are not zero in Region 2, the total concentration 
of both species remains constant since the slopes are equal in 
magnitude but opposite in sign. Therefore, no net movement of the 
sulfadiazine species occurs in Region 2. For this case, the solution 
of Eqs. 15-20 yields the same four equations, Eqs. 23-26, as in 
the precipitation case. However, the expression for (H+)2 is changed 
and is given by the following equation: 


(HSD)z # (HSD)*. 


3 I 


where: 


@ 


Dipotassium Phosphate Solution or Tromethamine Solution as 
Solvent-Figure 4 illustrates the model predictions when dipotas- 
sium phosphate solution or tromethamine solution is the solvent. 
In the phosphate case, H P 2  diffuses into the matrix and interacts 
with the neutral species, HSD and HSP, to form the negatively 
charged forms, SD- and S P .  The negatively charged forms and 
the neutral species of both drugs are important in transport. The 
release of the drugs then depends upon the various equilibria in- 
volving the species (Fig. 4). 


For this situation, in contrast to the acetate and hydrochloric 
acid cases, the sulfapyridine boundary, sI, is predicted to move more 
slowly than the sulfadiazine boundary. This is due to the influence 


S O L I D  S O L V E N T  


n s o + n s ,  


I = D  


1 I I S O L  U T  I 0  n 
2 3 


n s 0 + s 0- 
S O L U T I O N  


n s D +  s 0- 


S O L I D  


n s o + n s r  
nsr+sr -  


S O L I D  1-1 
s2 


~ 


@ 


S O L V E  w r  
n r-+ H2P- 


Figure 4-Diff1~sioti-co~itroIled model for release of sidfadiazine- 
sirlfapyridirie (I:]) from ari inert matrix inlo pliospliote buffer. Key: 
(a), conditions existijig a/  time t = 0 ;  arid (b), coriditioris existing a/  
jn i / e  time, t. 


of the smaller dissociation constant, K28p, of sulfapyridine, which 
more than offsets its greater intrinsic solubility. 


This system is similar to the benzoic acid and salicylic acid mix- 
ture release into phosphate buffer (1). Therefore, the following 
equations can be written for the present situation to describe the 
diffusional behavior of all species. For Region 1 : 


For Region 2: 


where Dp is the diffusion coefficient for all phosphate species, and 
DS is the diffusion coefficient for all drug species. 


Everywhere in the system, the following equilibria exist: 


HSP + HP-2 S SP- + HzP- (Eq. 37a) 


(Eq. 376) 


HSD + HP-' $ SD- + H 2 P  (Eq. 38a) 


where K28p and K2su are the second acid dissociation constants of 
sulfapyridine and sulfadiazine, respectively; and K2p is the second 
acid dissociation constant of phosphoric acid. 


Equations 29-36 are similar to the benzoic acid-salicylic acid 
system; therefore, essentially the same method for data analysis 
may be used. 


EXPERIMENTAL 


Materials-Sulfadiazine was purified by recrystallization of 
sodium sulfadiazine USPI from 0.5 M ,  pH 4.7, acetate buffer (5). 
The crystals were filtered and dried at 100". Sulfapyridine was 
purified by dissolving sulfapyridine USPI in an equimolar 1 N 
NaOH solution and then recrystallizing in 0.5 M acetate buffer at 
pH 4.7. It was then filtered and dried at 100". A 1 : 1 mixture of 
sulfadiazine (particle size <80 mesh) and sulfapyridine (particle 
size <80 mesh) was dispersed in a polyvinyl chloride2 matrix 
(particle size <80 mesh). The drugs represented 20% of the total 
tablet. 


Tablets-Tablets were made in the same way as previously re- 
ported (1 ) .  


Solvents-Solvents used for this study were 0.05 M acetic acids- 
sodium acetate3 buffer at pH 4.7; 0.10, 0.04, and 0.02 N NaOH4 
solutions; 0.2, 0.05, and 0.01 N HCI solutions; 0.06, 0.015, and 
0.04 M K2HP04 solutions; and 0.10, 0.02, and 0.005 M trometh- 
arnine6 solutions. All solvents also contained 0.5 N NaCP. 


1 Merck & Co., Inc., Rahway, N. J. 
2 Dow Chemical Co., Midland, Mich. 
3 J. T. Baker Chemical Co.. Phillipsburg. N. J .  
4 Anachemia Chemicals, Ltd., Champlain, N. Y. 
5 Fisher Scientific Co,, Pittsburgh, Pa. 
6 Mallinckrodt Chemical Works, St. Louis, Mo. 
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Figure 5- Release of sulfadiazine and sulfapyridine from an inert 
matrix (polyoiiryl chloride only) containing 20% of a sulfadiazine- 
sulfapyridine ( I : ] )  mixture into 0.05 M acetate buffer, pH 4.7. 
Key: e, suljapyriditie; undo, sulfadiazitie. 


Release Rate-The experiments were conducted as described 
previously (1). The amount of drug released as a function of both 
sulfa drugs was determined by UV spectrophotometric analysis a t  
241 nm. in N NaOH and a t  300 nm. in 0.1 N HCI. 


Solubility and Dissociation Constant-The intrinsic solubility 
of sulfadiazine and sulfapyridine was determined by equilibrating 
an excess of the solid sulfa drug in 0.05 M acetate buffer at  pH 4.7 
for 3 days and then determining the concentration of the sulfa drug 
in an aliquot solution. The first acid dissociation constants of sul- 
fadiazine and sulfapyridine were estimated from their solubilities in 
different hydrochloric acid solutions. The second acid dissociation 
constants were estimated from their solubilities in different phos- 
phate and tromethamine buffers. The dissociation constant of 
tromethamine was determined from the pH's of the different 
hydrochloric acid-tromethamine buffer solutions. 


RESULTS 


Figures 5-9 gives the experimental results in various solvent 
systems. As expected, a linear square root of time dependence was 
observed in all cases. Figures 5 and 6 show that, for the cases in 
which acetate buffer at  pH 4.7 and hydrochloric acid are the solvents, 
sulfapyridine is released faster than sulfadiazine. With phosphate 
or tromethamine buffers as solvents (Figs. 7 and 8), sulfadiazine 
is released faster than sulfapyridine. When sodium hydroxide 


/ 


50 100 150 200 250 300 350 400 
d/TIME, -\/set. 


Figure 6-Release of sulfadiazine and suljirpyridine from an inert 
matrix (polyvinyl chloride only) containing 20% of a sulfudia:Lie- 
sulfapyridine ( I : / )  mixture into hydrochloric acid solution. Key: 
open dutu points (0, 0, A), release of sulfudia:ine; closed data points 
( 8 .  e, A), release of srJfapyridine; mid 0, 0.20 M HCI: crnd 0, 
O.GS M HCI; and A and A. 0.01 M HCI. 


50 100 150 200 250 300 350 400 
d r n ,  d S Z .  


Figure I-Release of sulfadiazine and srrlfapyridine from an inert 
matrix (polyvinyl chloride only) containing 20 of u sulfadiazitie- 
sulfapyridine ( I  : I )  mixture into dipotassium phosphate solution. 
Key: open data points (fl, 0, A ) ,  release of sulfadiazine; closed data 
points (8,  a, A), release of ruljbpyridine; 8 a d  U, 0.06 M KZHPO,; 
earidO,0.015 M K2HPOa;aiidAatldA,0.004 M K2HPO4. 


solution is used as the solvent (Fig. 9), both sulfa drugs are re- 
leased at almost the same rate. 


The release rate of both drugs is a function of the concentration 
of the reacting acid, base, or buffer in the solvent. Figures 6-9 show 
that the higher the reactant concentration in the solvent, the faster 
the release rate for both drugs. 


TREATMENT OF EXPERIMENTAL DATA 
WITH EQUATIONS FROM MODEL 


The same general approach used in the analysis of the benzoic 
acid-salicylic acid experiments previously presented ( I )  was em- 
ployed in an effort to correlate the experimental results with theory. 
For each solvent system, a best set of 7], 72 values was determined 
using independently known or estimated values for all other param- 
eters in the theory. Then the predictive ability of the theory using 
the best 71, 72 pair (or pairs) was used to determine the general 
validity and usefulness of the theory. 


Table I tabulates the values for the various parameters used in 
the present treatment of the data. 


Acetate Buffer Case-From the slope of QD versus t'l? with the 
use of Eq. 1 and the values in Table I, a value for 71 = 2.80 was 
determined. Then from the slope of QP versus t'/2 and Eq. 2, a TZ 
value of 6.0 was found. 


12 ' 


10 '. 


50 100 150 200 250 300 350 400 
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Figure 8-Release of sulfadiazine and sulfapyridine from an inert 
matrix (polyvinyl chloride only) containing 207; of a sulfadiazine- 
sulfapyridine ( I :  I )  mixture into trometliami~lc solution. Key: open 
data points (0, 0. A), release 0.f scilfadiazirie; closed data points 
(8 .  e, A), release of srclfupyridine; 8 ant1 0, 0.10 M tronierhnn?ine; 


a n d o ,  0.02 M tromethamitre; andA and A, 0.005 M trometlramit1e. 
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Table I-Parameters Used in the Present Treatment of the Data Table 11-1 in Sodium Hydroxide Case 


Parameter" Value Note 


KISD 8.10 X 10-3 mole/l. 
K Z ~ D  6.24 X 10-7 mole/l. 
KISP 4.40 X mole/l. 
K z a p  5.63 X 10-9 mole/]. 
K9P 2.0 X 10-7 mole/l. -- 
&,methamine 1 . O  X 10-8 mole/l. 
(HSD)* 3.08 X mole/l. 
(HSP)* 1.2 x 10-3 mole/]. 
DP 
71 0.344 
7 2  0.258 Sulfadiazine is out front 


AP 0.128 g. ~ m . - ~  
AD 0.128 g. ~ m . - ~  
Ds 5.0 X 10-6 cm.2/sec. Reference 7 
DE + 1 . O  x cm.2/sec. Reference 8 
DOE 2.75 x 10-scm.2/sec. Reference 6 


1 . O  x 10-6 cm.l/sec. 


0.254 Sulfapyridine is out 
front 


a The parameters with no reference indicated were determined inde- 
pendently in the laboratory. 


Sodium Hydroxide Case-Equation 8 was used to calculate T~ 


of the matrix. Table I1 gives the values of T~ for the three different 
concentrations of sodium hydroxide solution. 


Hydrochloric Acid Case-By employing a treatment similar to 
that used in the benzoic acid-salicylic acid studies7, the experimental 
values for GDSI were used with the equations and the T~ and T~ 


values were adjusted so that the theoretical (calculated) Gps2 and 
ratio of s2/sI agreed satisfactorily with the experimental Gpsi and 
S2/SI. 


Experimental GDS~, GPS~, and s2/s1 were calculated from the 
following equations: 


where Qp/t'/z and QD/t1/2 are the slopes of plots of the experi- 
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Figure 9-Release of sulfadiazine and sulfapyridine from an inert 
matrix (polyvinyl chloride only) containing 20% of a sulfadiazine- 
sulfapyridine (I:]) mixture into sodium hydroxide solution. Key: 
open data points (0, 0, A ) ,  release of sulfupyridine; closeddata points 
(8,  0, A), release of sulfadiazine; 8 and U, 0.10 M NaOH; 0 ando ,  
0.04 M NaOH: undA andA, 0.02 M NaOH. 


7 With the IBM 360 digital computer. 
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Solvent 71 


0.1 M NaOH 
0.04 MNaOH 
0.02 M NaOH 


3.45 
2.67 
2.91 


mental release of sulfapyridine and sulfadiazine against the square 
root of time, respectively. 


Table 111 lists the combinations of n and T~ that gave the best 
simultaneous fits for the theoretical and experimental values of 
GPSZ and a/a. Identical optimum values of T~ and T~ were obtained 
for both cases (the supersaturation and precipitation models) dis- 
cussed in the theoretical part of this paper. This result was the op- 
posite of that obtained using Cases I and I1 in the analysis of the 
benzoic acid-salicylic acid system. That there is no difference ob- 
served in this system can be attributed to the fact that K l s D  and 
K]SP are of comparable magnitudes as opposed to  the two dissocia- 
tion constants for the benzoic acid-salicylic acid system. 


Dipotassium Phosphate or Tromethamine Case-The method used 
to find T~ and T~ is the same used for the release of the mixture of 
benzoic acid-salicylic acid into phosphate buffers (1). In this case, 
the parameters appropriate for the sulfadiazine-sulfapyridine 
system were used in the computer program. Table IV gives the 
combinations of T~ and T~ that gave the best simultaneous fits for 
the theoretical and experimental values of QD/t'/i and s2/s1 with the 
first boundary conditions. For the second boundary conditions, 
combinations of 71 and T~ that gave good simultaneous fits for the 
theoretical and experimental values of QD/t'/2 and s2/sl could not 
be obtained. In this system, K~SD is much higher than Kw; there- 
fore, the precipitation model appears to be more reasonable and is 
favored by these results. 


EXAMINATION OF MODELS 


Meaning of T~ and rZ Values Using First Boundary Conditions- 
Tables 11-IV and the results of release experiments with acetate 
buffer show that the T~ and T~ values determined were relatively 
independent of the solvents in all experiments. A T~ value of 
2.8 i 0.8 may be considered appropriate for all experiments. The 
T~ values appear to exhibit somewhat larger deviations. However, 
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Figure 10-Comparison of theoretical release rates based on the 
precipitation model wirh experimental data as a function of pH.  Key: 
---, theoretical sulfadiazine release; - - -, theoretical suyupyridine 
release: A, experimental sulfadiazine release: and 0,  experimental 
sul fapy ridine release. 







Table III--rl and T Z  in Hydrochloric Acid Solutionsa 


32 


28 


1; 24 
Li 


," 20 


6 
16 


B 
r( 


x12. 


3 8 -  


rn . 


4 -  


Solvent 


. 


- 


. 


. 


. 


QP 
7- x 106b- - --s2/s1r------ QD 


7 2  tl/l x loo* Calc. Exp. Calc. Exp . 
2.0 x 10-1 MHCl 2.554 5.50 18.2 34.9 34.9 1.92 1.92 
5.0 x MHCl 3.387 8.80 8.33 15.0 14.6 1.75 1.75 
1 . O  x MHCl 3.250 6.00 4.75 8.72 8.85 1.86 1.86 


a Identical results obtained for both cases. b g. sec.-'/z. 


Table IV-T, and T~ in Dipotassium Phosphate and Tromethamine Solution Cases with the First Boundary Conditions 


@ X 106. -QD/t'/p X lo6&- - SZlSl -- 
Calc. Exp. Calc. Exp. Solvent TI 7 2  t ' / 2  


0.1  M Tromethamine 3.10 4 . 0  12.9 29.39 31.45 2.11 2.44 
0.02 M Tromethamine 2.80 4 . 0  10.3 17.92 20.0 1.94 1.94 
0.005 M Tromethamine 2.80 4 . 5  8.15 11 .oo 13.2 1.42 1.44 
0.06 M KgHPO, 
0.01 6 M KzHPOa 
0.004 M KzHPOd 


3 . 4  4 .9  
3.5 4.5 
3 . 8  4 . 5  


7.38 12.83 i2.80 i .73  1.73 
6.50 9.63 9.83 1.33 1.51 
5.98 6.83 7.80 1.18 1.30 


a g. cm.? sec.-l,'r. 


sulfapyridine is the drug phase in Region 2 (Figs. 1 and 2) for the 
hydrochloric acid and the acetate buffer cases. Therefore, T? can 
be expected to be somewhat different for the two situations, while 
r1 should be constant since Region 1 is simply the matrix completely 
leached of both drugs. A r2 value of 4.5 f 0.5 may be assigned to  
both the phosphate and the tromethamine buffer cases, and a 7 2  


value of 6.0 i 0.5 would be appropriate for the hydrochloric 
acid and acetate cases. 


The rl value of 2.8 is in good agreement with the work of Desai 
et al. (2), who found values varying from around 1.5 to 3.0 for 
several organic compounds with the polyvinyl chloride matrix. It 
is also a physically realistic value consistent with the theory for the 
effective diffusivity in a packed bed of spheres. The T~ values prob- 
ably reflect the mobility, particle size, particle shapes, and plastic 
deformability of the drug phase remaining in Region 2. 


Theoretical Calculations of Release Rates Using Appropriate T~ 


and T Z  Values from First Boundary Conditions-The selected values 
for r1 and T~ were used with the previously derived theoretical rela- 
tionships to generate rates of release profiles for the different solvent 
conditions. 


For the hydrochloric acid case, Eq. 24 can be written as: 


where: 


$1 = f(&, DH+, KIBP, C I , T ~ ,  (HSD)*, KISD, (H%, QD/t'12) 


Substitution of Eqs. 39-41 into Eq. 42 gives: 


L 


It can be seen from Eqs. 43 and 44 that when T~ and r2 are known, 
Q ~ ! t ' l l  and Qp/t'/' are the only two unknowns. Therefore. by 
taking the best pair of T ]  and 7% values, one can calculate (predict) 
the release rates of two drugs. 


For the cases using phosphate and tromethamine buffers, a 
similar procedure can be used to obtain two equations similar to 
Eqs. 43 and 44 from which the release rates for the two drugs may 


be calculated when r1 and r2 are known. For the acetate buffer 
and sodium hydroxide cases, on the other hand, the situations are 
simpler. Equations 1 and 2 for the acetate case and Eq. 8 for the 
sodium hydroxide case can be used directly. 


Based upon the above procedures and the parameters given in 
Table I, the theoretical rates of release were calculated using T~ = 
2.80 (all cases), 7 2  = 4.5 (when the sulfapyridine phase is in Re- 
gion 2), and T~ = 6.0 (when sulfadiazine is in Region 2). These 
results are presented in Fig. 10 and compared to the experimental 
data. 


As can be seen, the two-parameter fit of all data is very satis- 
factory. In view of the fact that both the TI and r2 are physically 
reasonable, and because all other parameters were independently 
determined, the agreement may conservatively be considered 
physically significant at this point. 


Analysis of Second Boundary Conditions (The Supersaturation 
Assumption)-Because the second boundary conditions did not 
yield satisfactory T~ and T~ values, meaningful calculations of the 
theoretical rates for the phosphate and tromethamine buffer cases 
were not possible according to the adopted procedure. This finding 
alone should argue against the supersaturation assumption. Figures 
11 and 12 show the theoretical predictions based on the second 
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Figure 11-Comparison of experimental release rates of sulfadiazine 
with theoretical release rates based otz the precipitatiorz model and 
the supersaturation model. Key: - - -, precipitatiotl model; --, 
sirpersaturation model; and A, experimental data. 
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Figure 12-Comparisori of experimerital release rates of sulfapyridine 
with theoretical release rates predicted by the precipitation model and 
supersatrrratioti model. Key: - - -, precipitation model; --, super- 
saturutiorz model: . . ., region iri whicli the supersaturation model 
yields ti0 mathematical solutions: arid @, experimerital data. 


boundary conditions using the 71 and 72 values obtained with the 
first boundary conditions. The exact meaning of this attempted 
correlation is unclear. However, the large deviations of the ex- 
perimental results from the theoretical release rates for the phos- 
phate and tromethamine cases are probably significant because 
the 71 and r2 values used in the calculations were expected to be 
close to the actual values. They are also consistent with the acetate 
case, which is independent of the two sets of boundary conditions. 
Other reasonable r2 values when used in the calculations did not 
improve the situation. 


Concentration Profiles-Concentration profiles for each species 
of drug and solvent, in the case of the mixture of sulfadiazine- 
sulfapyridine ( I  : 1) released into phosphate buffer, can be calculated 
in the following manner. First the concentrations of each species 
at  x = s1 and x = s2 are found; then the concentrations of each 
species at any point 0 5 x 5 s? are calculated. 


To obtain the concentrations of each species of drug and phos- 
phate buffer at  x = sI and s = SZ, Eqs. 29-32 may be integrated 
from x = 0 to  x = sl, and Eqs. 33-36 may be integrated from x = 
sI t o  x = s2. These integrated equations may be solved simultaneously 
and evaluated at  x = sI and x = s2. 
In the calculations, the experimental Gpsl and G D S ~  and the best 


pair of r1 and r2 as found previously were used. The species con- 
centration profiles in Region 1 were found by integrating Eqs. 
29-32 from s = 0 to  any point within the range 0 2 x 2 sl. At 
these points the concentration of each species was calculated by 
using concentrations at x = s1 and G D S ~  and GPsl values obtained 
earlier. The same procedure was used to find the concentration 
profiles in Region 2. Figure 13 shows the results of these theoretical 
calculations for the mixture of sulfadiadne and sulfapyridine 
released into 0.06 M K2HP04. What is particularly noteworthy 
(Fig. 13) is the inward flux of the negatively ionized sulfapyridine 
which, according to this analysis, must precipitate in Region 2 a t  
a rate equal to: 


ti d2(SP-) rate = DS - ~ d.Yz 


Further Examination of Precipitation Model-The preceding 
analysis of the data showed that the first boundary conditions 
model (precipitation case) is most likely the correct one. One should 
note, however, that equations based on this model did not include 
the effects of precipitation upon €2, 7 2 ,  and A,. The arguments pre- 
sented below show that the changes in these quantities caused by 
the precipitation in Region 2 probably do not greatly affect the 
rates of release. 


First, t2 would be about 0.255 (CRSD + eolr)  in the absence of 
precipitation. For the example given in Fig. 13, one can estimate 
that the inward concentration gradient of S P  a t  .Y = sI is around 
40-50% of the outward concentration gradient a t  s = sl. Since 
61/71 is about twice as large as e2/r2, this means that the iriward flux 
should be no more than about 15% of the total flux a t  s = s,. 
Assuming that all of the inward flux may be equated to  the rate 
of precipitation in Region 2, one finds that t2 should change from 
around 0.255 to 0.24. This is a relatively small change and probably 
would not be expected to alter significantly the rates of release. 


Because the change of E? due to precipitation is small, r2 would 
also be expected to remain relatively insensitive to the amounts of 
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Figure 13-Co~zcetztratiorz gradients of all sulfadiazirie arid sulfa- 
pyridirie species (0.06 M KZHPOa solution as soherit). 


precipitation involved under the conditions given in Fig. 13. 
The influence of precipitation on A,  (at x = sl) is expected to 


be constant with time and around 15% for the example in Fig. 13. 
These conclusions were based on an analysis using arbitrary func- 
tions representing the solute and fluxes given by the concentration 
profiles in Fig. 13. 


I t  can be seen, however, that the appropriate A ,  t o  be used in 
calculation of Gpsl is not the A ,  corrected for precipitation only but 
that corrected for both precipitation effects and the inward flux 
effects. These two processes have a canceling tendency; therefore, the 
original A,  (without any precipitation considerations) is probably 
the most appropriate one. Thus, the treatment of the experimental 
data using the model that ignores precipitation is probably quite 
good, and the uncertainty in A,  is probably much better than 15%. 


SUMMARY AND CONCLUSIONS 


The results of this investigation and those of the previous study 
(1) showed that the physical model approach may be fruitfully 
utilized in mechanistically describing such complex drug release 
situations as those reported here. Virtually no problem exists that 
cannot be approached by these methods whether it is complicated 
by the presence of many interacting phases or many equilibria, 
both homogeneous and heterogeneous. 
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Investigations of Hydrolytic Products of Butalbital 


H. V. MAULDING', J. NAZARENO, J. POLESUK, and A. MICHAELIS 


Abstract 0 Two pathways of cleavage of butalbital (5-allyl-5- 
isobutylbarbituric acid) were elucidated. Depending upon the reac- 
tion conditions, one or both routes might be operative. These pro- 
ceed initially: (a) through 1,6-ring opening to the malonuric acid, 
and (b) uiu 1,2-cleavage of the barbiturate producing the diamide. 
Several intermediates were isolated and identified or characterized. 
At pH values around neutrality and a few units above, the hy- 
drolysis takes place solely by means of the 1,6-s0lvolysis; a t  higher 
alkalinities (pH about 9 .9 ,  the 1,2-ring opening plays a role. Ki- 
netics of acylureide breakdown at several hydrogen-ion concentra- 
tions and temperatures were studied. Data for the diamide and 
malonuric acid are reported. Ionic strength effects on the alkaline 
solvolysis of butalbital were examined. A positive relationship of 
the rate constant to the ionic strength was found, indicative of hy- 
droxyl-ion attack on barbiturate monoanion as a mechanism of 
degradation. 


Keyphrases 0 Butalbital-intermediates, products of barbiturate- 
ring decomposition 0 Barbituric acid derivatives-mechanism of 
butalbital degradation, ring cleavage 0 Hydrolysis, butalbital- 
mechanism, intermediates, products 0 Itobarbital-intermediates, 
products of barbiturate-ring decomposition 


The kinetics of the degradation of butalbitall (itobar- 
bital) were previously reported (1). However, nothing 
concerning the mode and products of the hydrolysis was 
available at  that time. 


This study pertains principally to the intermediates 
and final compounds related to  decomposition of the 
barbiturate ring at  pH > 7 because kinetics alone fail 
to illustrate the complete picture. 


A review of barbiturate kinetics is available (2), as are 
several publications regarding decomposition products 
of barbiturates as their sodium salts (3-6). Conditions 
are variable between ambient (3) and reflux (4-6), with 
products dependent on structural considerations as well 
as pH. Little is available concerning the compounds 
formed by rupture of the pyrimidine ring as a function of 
changing pH. 


The route of solvolysis of barbiturates has been pos- 
tulated as passing through both 1,2- and 1,6-ring open- 
ings. In the case of butalbital, an investigation of the 
comparative importance of the two pathways was con- 


sidered along with some kinetic aspects of the processes 
involved. 


EXPERIMENTAL 


Kinetic Procedures-A stock solution of sodium butalbital con- 
taining 542 mg. (0.0022 mole/lOO ml.) was prepared using distilled 
water. Two-milliliter aliquots were placed in 200-ml. volumetric 
flasks, previously equilibrated at  SO", containing 198 ml. 0.05 N 
NaOH along with various quantities of sodium chloride. Ten- 
milliliter samples were withdrawn and read periodically against the 
appropriate blank at 240 nm. on a recording spectrophotometer2 
(1). 


A stock solution of allylisobutylacetylurea containing 444 mg. 
(0.0022 mole/100 ml.) in ethanol or dioxane was prepared. Four- 
milliliter aliquots were placed in 200-ml. volumetric flasks, pre- 
viously equilibrated at  the specified temperatures. Samples were 
periodically withdrawn and read at 240 nm. against the appropriate 
blanks on the recording spectrophotometer. 


The diamide was run in the same concentration as the acetylurea 
and barbiturate. It was followed spectrophotometrically at  240 
nm. 


A stock solution of allylisobutylmalonuric acid (10.6 mg./4 ml. 
ethanol) was prepared. Two milliliters was placed in 100 ml. of 
pH 7.0 phosphate and 9.2 borate buffer, p = 0.10. Three-milliliter 
samples were withdrawn (adjusted to  pH 11.5 with sodium hy- 
droxide) and monitored periodically on the recording spectro- 
photometer at  240 nm. 


Preparation of Hydrolytic Intermediates-Allylisobutylacrryl- 
urea-Ten grams of sodium butalbital was placed in 400 ml. phos- 
phate buffer, giving a final measured pH of 8.5. The solution was 
heated at  80" for 48 hr., allowed to crystallize a t  room temperature, 
and filtered, yielding 2.3 g. (31.2z),  m.p. 136-138" (3).  


2-Allyl-2-isobutylmaIonamide-One gram of sodium butalbital 
was heated for 24 hr. in 0.1 N NaOH, SO", followed by extraction 
with 3 X 50 ml. portions of ether. The ether was allowed to  evapo- 
rate slowly, yielding 15 mg., m.p. 213-215" (3). 


Anal.-Calc. for C10H18N202: C, 60.6; H, 9.2; N, 14.1. Found: 
C, 60.3; H, 9.1; N, 13.8. 


Al/ylisobrrtylmulonuric Acid-One gram of sodium butalbital was 
heated in pH 9 buffer for 48 hr. at  80°, allowed to cool, and filtered 
and the filtrate was made acidic, pH 4.5. The precipitate was col- 
lected after 3 days in the refrigerator, yielding 45 mg., m.p. 155- 
158". 


Anal.-Calc. for C,,H,~NZOI: C, 54.1; H, 7.5; N, 11.1. Found: 
C, 54.5; H ,  7.5; N, 11.5. 


Allylisobutylmalot~icc Acid-Fifty grams (0.1 6 mole) of barium 
hydroxide [Ba(OH)Z.8H*0] was dissolved in 300 ml. methanol and 
96 ml. water with heating on a steam bath. The cloudy solution was 


1 Sandoptal. Cary 14. 
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Thixotropy Measured Using a Weight-Actuated Viscometer 


OSCAR E. ARAUJO 


Abstract 0 A method of quantitatively measuring structure break- 
down and buildup of thixotropic substances using a weight-actuated 
viscometer was proposed. This approach eliminated the problems 
involved in obtaining the classical loop of hysteresis and furnished, 
instead, data on the actual rates of breakdown and buildup of the 
systems. Bentonite magmas of different concentrations were pre- 
pared, and the change in the apparent viscosity was measured as a 
function of time, The effects of concentration and shelflife on the 
static yield values of the systems were evaluated. 


Keyphrases 0 Thixotropy measurements-using a weight-actuated 
viscometric method, bentonite magmas measured, concentration 
and shelflife effects Viscometry-weight-actuated viscometric 
method proposed for thixotropic measurements, bentonite magmas 
measured 0 Viscosity-weight-actuated viscometer, used for thixo- 
tropic measurements of bentonite magmas 


The Stormer viscometer has been used extensively in 
rheological research on pharmaceutical systems (1-7). 
Although certain investigators used the instrument to  
measure thixotropic systems by examining the typical 
area of the loop of hysteresis created by constructing 
an “up” curve and a “down” curve, the technique has 
considerable inherent difficulties. The problems arise 
because the Stormer is a weight-actuated viscometer 
where the independent variable is the shearing stress 
(expressed as 8.) placed on the instrument. This stress 
imparts a given number of revolutions per minute to  
the rotor immersed in the sample fluid. The value for 
the rate of shear is usually obtained by measuring the 
time required for 100 revolutions of the rotor, which 
may range from 15 to 200 sec. depending on the material 
and the weight used. The disadvantage is that instead 
of obtaining an immediate value for the shearing rate, 
as is the case with many more elaborate commercial 
viscometers, it may take as long as 3 min. to obtain 
a reading. Not only is structure being lost during this 
time, but the rate of shear obtained is really an average 
value for the first 100 revolutions of the rotor. Fre- 
quently most of the structure may have been broken 
down by the end of 100 revolutions, and no information 
will have been gathered as to the rate of breakdown 
during this crucial period. 


Another serious drawback lies in the manual re- 
winding of the thread and in the changing of weights. 
Although this can be done rapidly with practice, some 
structure rebuilding still occurs during the time elapsed. 
This becomes more critical in the case of materials that 
restructure quickly. it can be seen, therefore, that to  
obtain data properly for the classical loop of hysteresis 
representation, it is paramount to  take stress-shear 
readings in immediate succession. in  light of these 
considerations, it is not possible to  use the Stormer 
viscometer. 


in  view of the established value of the Stormer 
viscometer as a rheological tool, the purpose of this 


investigation was to  find a different approach to  the 
measurement of thixotropic systems that would be 
compatible with the idiosyncrasies of a weight-actuated 
viscometer. The only reported attempt to  use the 
Stormer viscometer in a differeni manner was to  note 
the increase in time for 100 revolutions of the rotor at 
a constant shearing stress in the study of an anti- 
thixotropic magnesia magma (8). In this instance, of 
course, a buildup of structure rather than a breakdown 
occurred, and measurements were taken until the rate 
of shear decreased to an equilibrium value. The study, 
however, did not follow through with the calculation 
of any rates and it did not account for the fact that a 
large proportion of the buildup took place in the first 
100 revolutions. 


An attempt to  demonstrate first-order dependence 
of the decrease in shearing stress with time of thixo- 
tropic emulsions exposed to  a constant rate of shear 
was reported (9). The data obtained showed a linear 
relationship when the logarithm of the shearing stress 
was plotted against time. It was, therefore, postulated 
that a similar approach could be used for a weight- 
actuated viscometer, except that the weight or shearing 
stress would be constant and the increase in rate of 
shear would be measured as a function of time. This 
means that the apparent viscosity decreases as the con- 
stant stress is maintained, providing the evidence for 
structure breakdown. If the technique of reading data 
on the Stormer viscometer could be so modified as to 
record the time necessary for one or two revolutions 
of the rotor rather than for a minimum of 100, then 
a true rate of breakdown of structure as reflected by 
the decrease of the apparent viscosity with time could 
be shown. 


The second part of the investigahon, often neglected 
in thixotropic studies, would of necessity have to be the 
rate of buildup or healing of the structure. This aspect 
really presents no data-gathering problems since the 
minimum weight needed to  produce movement of the 
rotor can be obtained for various sample shelflife 
periods and the rate of buildup or increase in static 
yield value with time can be graphically recorded. 


EXPERIMENTAL 


Preparation of Samples-Bentonite USP was the thixotropic 
material used because of its established characteristics and ease 
of preparation. The samples were prepared by spreading the 
bentonite over the surface of distilled water preserved with 0 .2x  
benzoic acid and previously heated to  50”. After 24 hr. of hydration, 
the magmas were sheared for 5 min. in a blender (Waring) and 
stored in 100-ml. graduated beakers, sealed with aluminum foil. 
The concentration by weight of bentonite in the samples ranged 
from 5 t o  10%. 


Rheological Measurements-A Stormer viscometer was used, 
and the shearing stress was applied by means of a weight hanger 
with various slotted weights. The instrumental constants, K,, were 
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Figure 1-Rare of restritetiiring of bentonite magmas. Key: 0, 5 % ;  
0 , 6 Z ; A ,  7 Z ; A , 8 % ; a n d o , I O Z .  


determined from calibration data obtained using viscosity standard 
oils (Brookfield), and they were appropriately applied depending 
on the shearing stress to rate of shear ratio. The apparent viscosity 
was then calculated from the expression: 


where g. represents the shearing stress, r.p.m. represents the rate of 
shear, and 7 is the apparent viscosity in centipoises. All viscosity 
measurements were recorded at  35 f 0.2". The sample volume of 
magma used was 80 ml. The static yield value,.f, was obtained from 
the expression: 


.f = K I W /  (Eq. 2) 


where K /  is a constant involving K, and the dimensions of the in- 
strument, and W, is the extrapolated yield value intercept in shear- 
ing stress. 


Several modifications were necessary which departed from the 
usual method of data collection with the Stormer viscometer. 
Instead of the cup furnished with the instrument, 100-ml. beakers 
already containing the samples were employed. This modification 
avoided structure disturbance of the samples caused by transferring 
from one container to another. To obtain satisfactory data, a 
specially designed star-shaped rotor1 for thixotropic materials was 
constructed. The dimensions of the rotor were 3.8 X 3.2 cm. 
(1.47 X 1.25 in.). The slight variations in diameter among the 
various 100-ml. beakers did not affect the reproducibility of the 
measurements. 


The dial provided with the instrument for recording the number 
of revolutions of the rotor is marked off in increments of one 


' I t s  design is similar to the star-shaped rotor series used with the 
Haake Rotovisco rotating viscometer (Haake Rotovisco FL Series 
Rotors, Polyscience Corp., Evanston, Ill.). 


Table I-Rate Constants for the Restructuring of 
Bentonite Magmas 


Percent w/w Ki KZ 


5 
6 
7 
8 


10 


7 . 3 8  
14.4 
2 9 . 5  
6 3 . 0  


269 


1.50 
1 . 9 3  
7 . 5 7  


1 3 . 7  
2 5 . 2  


revolution. However, by using the dial, the minimum number of 
revolutions that could be read with any degree of accuracy was 
found to be 10. Since the time required for one, two, or five revolu- 
tions of the rotor was essential information in the initial breakdown 
period, these readings were actually made by etching two thin 
lines, one on the stationary part of the rotor housing and the other 
just below it on the movable rotor shaft. Thus. one complete 
revolution was recorded when the line on the shaft, as it rotated, 
returned to its initial position with reference to  the stationary mark. 
This method greatly minimized the error involved in measuring a 
small number of revolutions. In timing 10 or more revolutions, the 
readings were made on the dial. 


Obviously, the readings have to be made rapidly and expertly. 
To accomplish this objective, a rig for three stopwatches which 
could be operated simultaneously was constructed. While one 
watch was registering the time for the revolution being run, the 
second watch was ready to start recording as soon as the first one 
stopped, and the third one was resetting. This setup gives a con- 
tinuous reading of each revolution and enough time to record the 
setting on each watch, With a little practice, a technician can be- 
come proficient at  taking readings in this manner. 


2 4 6 8 
CONCENTRATION OF BENTONITE MAGMA.  % w/w 


Figure 2-Effect of conceittrarioi~ arid shelflife on rlte yield value of 
bentonite magmas. Key: 0, no shelflife; 0, 2-day shelflife; A, 10-day 
shelflije; and A, 30-day shelflife. 
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Table 11-Rate Constants for the Breakdown of Bentonite Magmas 


Shelflife, 
Days KI Kz 


5% WIW 
2 0.0373 0,00901 
5 0.0778 0.0149 


10 0,1089 0.0308 
0.3297 0.0951 16 
0.2939 29 


51 0.6209 
- 
- 


6% wlw 
5 
7 


19 
42 


2 
9 


15 
24 
47 


4a 
2 


25 


2 b  
I Ob 
62a 


0.0755 
0.1643 
0.1938 
0.5018 
7% wlw 
0.2622 
0.3782 
0.5651 
0.2998 
0.5838 


8% wlw 
0.3051 
0.3483 
0.4896 


10% WIW 
0.0535 
0.0223 
0.1486 


0.00401 
0.0161 
0.0434 
0,0345 


0.0664 
0.0521 
0.0760 
0.2281 


0.0741 
0.1992 
- 


0.0882 
0.0987 
0.4035 


21 0.0015 0.5180 


Shelflife in hours. b Shelflife in minutes. 


RESULTS AND DISCUSSION 


The approach used to describe the thixotropic systems studied 
permitted the calculation of rate constants for both phases of the 
investigation: breakdown and restructuring of the bentonite 
magma. 


Restructuring of Bentonite Magmas-Figure 1 shows the rate of 
restructuring of the various concentrations of the bentonite magma. 
There appear to be two different rates of recovery for each. A 
rapid buildup occurs within the first 2 days and a slower rate is 
observed subsequently. Both rates, however, seem to follow a zero- 
order relationship. The two zero-order rate constants, Kl and Kz, 
which constitute the slope of the line at each stage were calculated 
for each concentration (Table I). At the end of 45 days, restructuring 
was still occurring. 


Certain inferences can be derived from the results shown in Fig. 2. 
The increase in yield value with increased concentration of ben- 
tonite over the range studied apparently followed a fiist-order 
relationship. This was observed regardless of the shelflife of the 
sample. Furthermore, the slopes of the lines in Fig. 2 for the four 
storage time intervals vary only from 0.279 to 0.319. This seems to 
indicate that the rate of increase in yield value with concentration 
does not vary significantly with the shelflife of the sample. These 


considerations seem to indicate that the mechanism of restructuring 
is the same irrespective of storage time. 


Breakdown of Bentonite Magmas-In this phase of the study, the 
static yield value stress was applied to a sample of a given concen- 
tration and a given shelflife. The time required for one revolution of 
the bob was recorded. The same stress was continually maintained, 
and the time for subsequent revolutions of the bob was measured. 


The apparent viscosities at increasing intervals of time under the 
given stress were calculated until the apparent viscosity of the 
sample became constant. This constant apparent viscosity (cps.") 
was subtracted from the apparent viscosity measured at different 
times, and the first-order plot was obtained showing the rate of 
decrease in apparent viscosity with time. 


The rate of decrease in apparent viscosity with time, much like 
the restructuring of the bentonite magmas, occurred in two stages: 
an initial rapid rate of breakdown of structure followed by a second, 
less pronounced, linear decrease in viscosity until the cps." was 
reached. The two first-order rate constants, Kl and K2, which con- 
stitute the slope of the line at each stage were calculated for each 
sample (Table 11). 


It can be seen that, in general, the higher the concentration of 
the sample the less difference existed between the two rate con- 
stants. Actually, in the case of the 107; samples, the second rate 
constant was higher than the first, possibly because of the greater 
resistance to a given stress shown initially in the higher concentra- 
tion samples; this resistance seems to be overcome after a certain 
period. Some samples with very long shelflives evidenced only one 
rate of decrease in the apparent viscosity throughout the application 
of the static yield value stress. 


Thus, it is possible to characterize fully a thixotropic system by 
means of a weight-actuated viscometer and to calculate rate con- 
stants for the rate of recovery and the rate of breakdown of ben- 
tonite magmas. 
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Peyote and Related Alkaloids XIV : 
Mescaloxylic Acid and Mescaloruvic Acid, 
the Novel Amino Acid Analogs of Mescaline 


Keyphrases Peyote alkaloids-synthesis of new amino acid 
analogs of mescaline, mescaloxylic and mescaloruvic acids IJ Mes- 
caline amino acid analogs-synthesis of mescaloxylic and mescal- 
oruvic acids 0 Mescaloxylic acid-synthesized as amino acid an- 
alog of mescaline Mescaloruvic acid-synthesized as amino 
acid analog of mescaline NMR spectroscopy-characterization, 
synthetic amino acid analogs of mescaline 


Sir: 


In our recent biosynthetic studies (1) on the peyote 
tetrahydroisoquinoline alkaloids, we showed that 
glyoxylate (I) and pyruvate (11) could account for the 
origin of the C-1 carbon and C-l/C-9 two-carbon units 
in anhalamine (111) and anhalonidine (IV), respectively, 
oia peyoxylic (V) and peyoruvic acids (VI) (Scheme 1). 
The reductive amination of I and I1 by 3-demethyl- 
mescaline (VII) apparently leads to the formation of the 
acids V and VI, the N-alkyl a-amino acid analogs of 
glycine and alanine. 


In a continuation of studies on the peyote constit- 
uents, we considered the involvement of mescaline 
(VIII), the major base of the cactus, in the reductive ami- 
nation of glyoxylate and pyruvate. If this reaction were to 
occur, the formation of two types of products appears 
likely. First, the more obvious products would be the 
0-methyl ethers of V and VI formed by a Pictet- 
Spengler type of reaction. Since mescaline lacks an 
activating phenolic group, the formation of the C-1 
carboxytetrahydroisoquinolines V and VI could be 
expected to  a less extent than in the case of 3-demethyl- 
mescaline. Earlier, however, we encountered (2) several 
Krebs cycle conjugates of mescaline in the peyote 
cactus. 


On the other hand, the second possibility involves the 
less apparent reaction of mescaline with glyoxylate and 
pyruvate to form the open-chain analogs of glycine and 
alanine, IX and X, respectively. In the present com- 
munication, we report the synthesis and identification of 
IX and X, designated mescaloxylic and mescaloruvic 


CH30 R 


c==o + 
I CH30 COOH 


I :R=H 
II: R - CH3 


I 


OR 
W : R -  H 


VIII:R=CH, 


CH,O 


c H 3 0 w z H  HO HO R 


- c H 3 0 w ! H  CH,O 


V:R-H III:R=H 
VI: R = CH, IV: R = CH, 


Scheme I 


X 
Scheme I1 


acids, respectively, as trace constituents of the peyote 
cactus. 


Mescaloxylic acid (IX) was synthesized by reacting 
glyoxylic acid and mescaline in methanol at  pH 5 in the 
presence of the reducing agent NaBH3CN (yield 63 %). 
Under identical conditions, reductive amination of 
pyruvic acid by mescaline gave racemic mescaloruvic 
acid (X)' (yield 5773. Alternatively, X could also be 
obtained by refluxing a-chloropropionic acid and 
mescaline in dioxane (yield 37 %). 


The synthetic acids IX and X were characterized by 
NMR (CD30D solvent) and mass spectrometry 
(Schemes I1 and 111). The noncyclic nature of the two 
acids is substantiated by the presence of two equivalent 
aromatic protons in their NMR spectra and the domi- 
nant B-bond cleavage with respect to the aromatic ring in 
the mass spectra of their ditrimethylsilyl (di-TMS) 
derivatives, IXa and Xu. 


Paper chromatography of the peyote amino acid 
fraction (1) indicated the presence of mescaloxylic and 
mescaloruvic acids, which were then separated from 
other amino acids by preparative paperchromatography. 
The identity of the isolated acids IX and X was estab- 
lished by GC-mass spectrometry (1) of their ditrimethyl- 
silyl derivatives. 


Currently, we are investigating the role, if any, of the 
new amino acids IX and X in the biogenesis of the 
peyote alkaloids. In particular, it is of interest to test 
whether mescaloruvic acid (X) o r  its 0-methyl analog 
would serve as the precursor to the rare N-ethyl group 
containing alkaloid, peyophoriiie (XI) (3). Also, the 


XI 


'Analytical samples of the synthetic new acids were obtained by 
recr stallization from ethanol to yield colorless crystals, IX, m.p. 187- 
189 ,and X. m.p. 235-236.5". Both new compounds gave satisfactory 
analyses. 


P 
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IXa, R - H, m/e 413 
Xa,R-CH3,m/e427 


R = H, m/e 296 
R - CH,,m/e 310 


mle I81 H - H, m/e 232 
R - CH3,m/e 246 


Scheme III 


plausible involvement of mescaloxylic acid (TX) in  the 
biogenesis of N-methylmescaline is being considered. In 
both of these cases, the decarboxylation of the acids IX 
and X is an essential step. Finally, we are also currently 
evaluating the biological activity of the reported new 
compounds. 


( 1 )  G. J. Kapadia, G. S. Rao, E. Leete, M. B. E. Fayez, Y. N. 
Vaishnav, and H. M. Fales, J. Amer. Chem. SOC., 92,6943(1970). 


(2) G. J. Kapadia and H. M. Fales, Chem. Commun., 1968,1688. 
(3 )  G. J. Kapadia and H. M. Fales, J .  Phnrm. Sci., 57, 2017 


( 1968). 
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REVIEWS 


Dispensing of Medication, 7th ed. (Formerly 
Dispensing). Edited by E. W. MARTIN. 
20th and Northampton Sts., Easton, PA 
18.5 X 26cm. PriceS19.00. 


Husa’s Pharmaceutical 
Mack Publishing Co., 
18042, 1971. 1223 pp. 


The editor’s intent is clearly stated in the Preface: “.  . .this new 
edition has directed its emphasis toward the new concept of clin- 
ical pharmacy as it relates to every pharmacist whether he serves in a 
community or hospital practice, in governmental or private prac- 
tice, in an extended care facility, a community health center, or 
some other environment where he works closely with both physicians 
and patients.” Let us pause for a minute to consider the Promise 
of the Preface and ask ourselves what is t o  be expected from such 
a textbook. First of all, since clinical pharmacy is the goal, one 
would expect an in-depth exploration of this shadowy concept. 


Furthermore, one might expect a detailed description of the various 
drug distribution systems (including automated dispensing) as 
they apply to  community pharmacies, institutional pharmacies, 
and extended care facilities. Additionally, a how-to-do-it discussion 
of extemporaneous sterile technique (including i.v. additives) would 
appear t o  be appropriate. Patient medication profiles are here to  
stay, and thus one might expect a t  least a chapter on the various 
types, their utilization, and some evaluation of the various designs. 
The list of potential in-deprh topics is long (c .K. ,  the various auto- 
mated or computerized information systems, third-party payment, 
novel methods of receiving compensation) but let us end it here and 
crack open the book to see what it contains. 


The Table of Contents is not encouraging. At first glance, it 
looks like a traditional dispensing textbook, a potpourri of the 
various pharmaceutical sciences (physical pharmacy, pharmaceutics, 
pharmaceutical technology, m.), But no, there are a few new chap- 
ters which did not appear in the previous edition: Hospital Phar- 
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Investigations of Hydrolytic Products of Butalbital 


H. V. MAULDING', J. NAZARENO, J. POLESUK, and A. MICHAELIS 


Abstract 0 Two pathways of cleavage of butalbital (5-allyl-5- 
isobutylbarbituric acid) were elucidated. Depending upon the reac- 
tion conditions, one or both routes might be operative. These pro- 
ceed initially: (a) through 1,6-ring opening to the malonuric acid, 
and (b) uiu 1,2-cleavage of the barbiturate producing the diamide. 
Several intermediates were isolated and identified or characterized. 
At pH values around neutrality and a few units above, the hy- 
drolysis takes place solely by means of the 1,6-s0lvolysis; a t  higher 
alkalinities (pH about 9 .9 ,  the 1,2-ring opening plays a role. Ki- 
netics of acylureide breakdown at several hydrogen-ion concentra- 
tions and temperatures were studied. Data for the diamide and 
malonuric acid are reported. Ionic strength effects on the alkaline 
solvolysis of butalbital were examined. A positive relationship of 
the rate constant to the ionic strength was found, indicative of hy- 
droxyl-ion attack on barbiturate monoanion as a mechanism of 
degradation. 


Keyphrases 0 Butalbital-intermediates, products of barbiturate- 
ring decomposition 0 Barbituric acid derivatives-mechanism of 
butalbital degradation, ring cleavage 0 Hydrolysis, butalbital- 
mechanism, intermediates, products 0 Itobarbital-intermediates, 
products of barbiturate-ring decomposition 


The kinetics of the degradation of butalbitall (itobar- 
bital) were previously reported (1). However, nothing 
concerning the mode and products of the hydrolysis was 
available at  that time. 


This study pertains principally to the intermediates 
and final compounds related to  decomposition of the 
barbiturate ring at  pH > 7 because kinetics alone fail 
to illustrate the complete picture. 


A review of barbiturate kinetics is available (2), as are 
several publications regarding decomposition products 
of barbiturates as their sodium salts (3-6). Conditions 
are variable between ambient (3) and reflux (4-6), with 
products dependent on structural considerations as well 
as pH. Little is available concerning the compounds 
formed by rupture of the pyrimidine ring as a function of 
changing pH. 


The route of solvolysis of barbiturates has been pos- 
tulated as passing through both 1,2- and 1,6-ring open- 
ings. In the case of butalbital, an investigation of the 
comparative importance of the two pathways was con- 


sidered along with some kinetic aspects of the processes 
involved. 


EXPERIMENTAL 


Kinetic Procedures-A stock solution of sodium butalbital con- 
taining 542 mg. (0.0022 mole/lOO ml.) was prepared using distilled 
water. Two-milliliter aliquots were placed in 200-ml. volumetric 
flasks, previously equilibrated at  SO", containing 198 ml. 0.05 N 
NaOH along with various quantities of sodium chloride. Ten- 
milliliter samples were withdrawn and read periodically against the 
appropriate blank at 240 nm. on a recording spectrophotometer2 
(1). 


A stock solution of allylisobutylacetylurea containing 444 mg. 
(0.0022 mole/100 ml.) in ethanol or dioxane was prepared. Four- 
milliliter aliquots were placed in 200-ml. volumetric flasks, pre- 
viously equilibrated at  the specified temperatures. Samples were 
periodically withdrawn and read at 240 nm. against the appropriate 
blanks on the recording spectrophotometer. 


The diamide was run in the same concentration as the acetylurea 
and barbiturate. It was followed spectrophotometrically at  240 
nm. 


A stock solution of allylisobutylmalonuric acid (10.6 mg./4 ml. 
ethanol) was prepared. Two milliliters was placed in 100 ml. of 
pH 7.0 phosphate and 9.2 borate buffer, p = 0.10. Three-milliliter 
samples were withdrawn (adjusted to  pH 11.5 with sodium hy- 
droxide) and monitored periodically on the recording spectro- 
photometer at  240 nm. 


Preparation of Hydrolytic Intermediates-Allylisobutylacrryl- 
urea-Ten grams of sodium butalbital was placed in 400 ml. phos- 
phate buffer, giving a final measured pH of 8.5. The solution was 
heated at  80" for 48 hr., allowed to crystallize a t  room temperature, 
and filtered, yielding 2.3 g. (31.2z),  m.p. 136-138" (3).  


2-Allyl-2-isobutylmaIonamide-One gram of sodium butalbital 
was heated for 24 hr. in 0.1 N NaOH, SO", followed by extraction 
with 3 X 50 ml. portions of ether. The ether was allowed to  evapo- 
rate slowly, yielding 15 mg., m.p. 213-215" (3). 


Anal.-Calc. for C10H18N202: C, 60.6; H, 9.2; N, 14.1. Found: 
C, 60.3; H, 9.1; N, 13.8. 


Al/ylisobrrtylmulonuric Acid-One gram of sodium butalbital was 
heated in pH 9 buffer for 48 hr. at  80°, allowed to cool, and filtered 
and the filtrate was made acidic, pH 4.5. The precipitate was col- 
lected after 3 days in the refrigerator, yielding 45 mg., m.p. 155- 
158". 


Anal.-Calc. for C,,H,~NZOI: C, 54.1; H, 7.5; N, 11.1. Found: 
C, 54.5; H ,  7.5; N, 11.5. 


Allylisobutylmalot~icc Acid-Fifty grams (0.1 6 mole) of barium 
hydroxide [Ba(OH)Z.8H*0] was dissolved in 300 ml. methanol and 
96 ml. water with heating on a steam bath. The cloudy solution was 


1 Sandoptal. Cary 14. 
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-H+ * 
H+ 


Rl%;Fo_ R2 


0 


A-2, Ib 


J 
R1R,C(CONH2)CONHCOOH* 
VI: not isolated 


RiR2(CONHzX 
VII: m.p. 213-215' 


R~R,C(COOH)"CONHCONH, 
II: m.p. 155458' 


R1&CHCONHCONHL 
111: m.p. 136-138' 


1 
i n t e r m d a b  ____________________-_--_------- -+ RIRJHCOOH' + NHpCONHi 


Iv V 


Scheme I-Hydrolysis of butalbital in aqueous sollition at pH 7 and above. l a  and I b  represent one of three possible structures of whiclt two 
are the same for  both l a  and Ib. At pH about 9,  most of the barbiturate is in the form of HA- (la);  while at acidities above and below, 
~ignificant amounts of either I or I b  are present. RlRz = allyl, isobutyl. (" Probably present as anions under reaction conditions employed.) 


filtered, the filtrate was reheated on a steam bath, and the resultant 
solution was combined with 39.5 g. (0.016 mole) diethyl allyliso- 
b~tylmalonate~ and warmed on a constant-temperature bath at  50" 
for 4 hr. with intermittent vigorous shaking. Filtration and drying 
produced 25.3 g. (0.077 mole) of barium allylisobutylmalonate. 


A methanolic slurry of the barium salt (25.3 g., 0.077 mole) was 
slurried with 4.1 g. diatomaceous earth'and treated at 5" with drop- 
wise addition of 95% sulfuric acid (4.2 ml.). The filtrate was re- 
moved in uucuo, and the residue was taken up in ether and dried 
overnight over anhydrous sodium sulfate. Evaporation of the ether 
yielded a solid which was recrystallized once from chloroform- 
petroleum ether, yielding 3.9 g., 24%, m.p. 98-102". 


Anal.-Calc. for C10H1604: C ,  60.0; H, 8.1. Found: C, 60.0; 
H, 8.4. 


TLC-TLC was carried out on silica gel GF plates5 of 250-p 
thickness, spotted with l(f20 PI. of solution containing 5-10 mg./ 
ml. solution. Chromatograms were run 15-17 cm. with a solvent 
system of isopropanol-chloroform-25% ammonium hydroxide 
(45 :45 : 10). The barbiturate was visualized under short wavelength 
UV, while other spots were observed by means of iodine vapor. 
Urea was visualized utilizing 1 % dimethylaminobenzaldehyde in 
ethanol followed by exposure to hydrogen chloride vapor (yellow 
spot) or 1 dimethylaminocinnamaldehyde in ethanol followed by 
exposure to hydrogen chloride vapor (red spot). Acidic components 
could be seen by means of bromcresol purple in ethanol (15 mg./100 
ml.) where they gave a yellow coloration. 


Identification of compounds was made by comparison of R/ 
values of authentic samples to reaction solutions spotted on the 
same plate. The following R/ values were determined using the 
isopropanol-chloroform-ammonia (45 :45 : 10) solvent system: 
butalbital, 0.75; 2-allyl-2-isobutylmalonamide, 0.90; allylisobutyl- 
acetylurea, 0.95; urea, 0.30; allylisobutylacetic acid, 0.3; allyl- 
isobutylmalonuric acid, 0.35-0.40; and allylisobutylmalonic acid, 
0.0. All except urea were observed on plates treated with iodine. 
Allylisobutylacetic acid and allylisobutylmalonuric acid, Rf 0.3- 
0.4, are not separable from one another by this solvent system but 
may be separated by running the plate a second time (two di- 
mensionally) in chloroform-methanol (80: 20) where the following 
RJ values were obtained: allylisobutylacetic acid, 0.75; and allyl- 
isobutylmalonuric acid, 0.3. 


The products of the hydrolysis of the specific intermediates were 
noted by TLC, employing 5-mg./ml. solutions and spotting peri- 
odically along with known standards. Acylurea concentrations of 
this amount were obtained on inclusion of ethanol in the solvent, 
The diamide resisted dissolution in these or lower concentrations 
utilizing water-miscible solvents. 


A solution of 2.5 mg./ml. allylisobutylacylurea was prepared with 
the aid of ethanol and heating at  80" in 0.1 N NaOH as well as pH 7 
and 8 buffers. This solution was chromatographed using chloro- 
form-isopropanol-ammonia followed by two-dimensional de- 
velopment using the previously mentioned chloroform-methanol 
system. 


The malonic acid and the disubstituted acetic acid were chroma- 
tographed using chloroform-methanol-acetic acid (80 :20:2), 
giving RJ values of 0.35 and 0.85, respectively. Visualization was by 
means of iodine vapor. 


Buffer solutions, unless otherwise specified, were run at an  ionic 
strength of 0.1. Alkali solutions were prepared by dilution of stan- 
dardized sodium hydroxide with freshly boiled distilled water. 


The pH values were determined on a pH meter6 standardized 
with borate and phthalate buffers at the pertinent temperatures 
(7). The pH's of the sodium hydroxide solutions were calculated 
from activity coefficient data available in the literature (8). 


RESULTS AND DISCUSSION 


Barbituric acid derivatives, such as butalbital, are expected to  
decompose by two main pathways (Scheme I )  in aqueous solution 
at  neutrality and above (9-11). The first is through the malonuric 
acid, 11, cia the acetylurea', 111, finally leading to the acetic acid, IV, 
and urea, V. The second mode is cia the diamide, VII, through other 
intermediates, possibly producing IV and V. Several of these inter- 
mediates were isolated and studied individually. Fretwurst (3) 
reported the 1,Qopening as the predominant method of hydrolysis 
of the sodium salt of this barbituric acid in water. 


The compounds listed in Scheme I, except VI, were characterized 
and/or isolated. Although VI is a precursor of VII, it is a carbamic 
acid derivative probably having a rather transitory existence in 
either the anionic or neutral form. Molecules of this structural type 
are not normally isolated as a consequence of this instability. 


Canes Chcmical Co., New York, N. Y. 


Analtech Inc., Newark, Del. 
4 Celite. 8 Metrohm. 


7 Acylurea and ace:ylurea used interchangeably. 
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Figure 1-Curoe for absorbance 
diminution of 5-allyl-5-isobut y f -  
acylurea, I l l ,  in 2.2 X M 
concentration as a filnction of 
time (minutes), 0.01 N NaOH, 
80". Time intercals indicatedon 
rimes in minittes, 240 nm. Re- 
sidual absorbance = 0.05. 


The solvolysis of most barbituric acids closely resembles that of 
the 5-halouridines and 5-halouracils (9, 12, 13) .  Observed or ap- 
parent first-order rate constants may be estimated using the follow- 
ing expression : 


log ( A  - A,) = log (Ao - A,) - kf/2.303 (Eq. 1) 


where 4, is initial absorbance, A ,  is residual absorbance, A is ab- 
sorbance at  any time t, and k is the observed or apparent first-order 
velocity constant (1). 


Equation 1 also holds for decomposition of the acetylurea 
derived from butalbital where a concentration of 2.2 X lo-' M 
results in Aa = 0.36 (pH 11.5), with a residual absorbance, 0.048- 
0.052 (DH l I S ) ,  240 nm. No perturbation of the absorption spec- 
trum was observed for the hydrolysis of the acylurea derivative. 
Table I illustrates the observed velocity constants for the various 
conditions under which hydrolysis of the acylurea was studied. 
The acylurea was found to cleave into urea and allylisobutylacetic 
acid with no formation of the amide corresponding to splitting of 
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Figure 2-Apparent first-order plots for decomposition of 2.2 X 
lo-' M allylisobutylacetyliirea at sereral pH aalires (Table I ) ,  80". 
Reaction followed by loss of absorbance at 240 r im.  following ad- 
jiistment of p H  of samples to 11.5-11.7 with sodiiini hydroxide im- 
mediately prior to reading. 


the NH-CONH? linkage (14). On TLC analysis of solutions of the 
acylurea only, spots indicative of the acetic acid and urea were 
seen. Figure 1 illustrates a typical first-order plot of loss of absorb- 
ance of the acylurea as a function of time. 


Allylisobutylacetylurea, 111, degrades at 20 times the rate of the 
barbiturate in 0.1 N NaOH (1); however, the barbiturate degrades 
about 10 times faster than the acetylurea at pH 7. This explains the 
isolation in rather high yield of the acylurea at  pH 8.5. as seen in 
the Experimental section. 


Figure 2 illustrates apparent first-order plots for degradation of 
allylisobutylacetylurea at  various pH values, 80". These data are 
similar t o  those previously reported for phenylethylacetylurea (10). 


Arrhenius parameters concerned with the breakdown of the 
acetylurea are given in Fig. 3.  Estimates of the apparent activation 
energies were made from the Arrhenius equation: 


(Eq. 2) log kobs = log P - Ea/2.303RT 


Table I-Observed First-Order Rate Constants' ( k ,  hr. - I )  for 
Breakdown of Allylisobutylacetylurea (2.2 X lo-' M )  in 
Aqueous Solutionb 
~~~~~ ~~ -- Buffers" 7 


HtPOa] "a- AyG:] pHd+ 60" pHd,e 70" pHd.e 80" 


0.02 0.058 7.18 0.0006 7.15 0,0010 7.14 0.0017 


0.05 0.021 8.8 0.0027 8 .7  0.0061 8.65 0.0131 
0.05 0.037 9.25  0.0043 9 . 2  0.0081 9 . 2  0.0186 
- 0.01 11.02 0.126 10.80 0.425 10.30 0.98 
- 0.10 11.90 1 . 1 2  11.70 2.92 11.49 6.39 


[H3B031 tNaOH1 


0 Rate constants reproduciblc i 15 Z at 240 nm. Additional rate con- 
stants, 50". 0.1 N NaOH, 0.47; 0.01 N NaOH, 0.041; pH 9.25. 0.0016; 
pH 8.8 0.0010; pH 7.12, 0,00028. *Ionic strcngth constant at 0.1 by 
additioh of sodium chloride. c NaHzPO+.HzO and Na?HPO4.7HzO hy- 
drated forms used as buffers. d pH values obtained from Metrohm pH 
meter calibrated at specified tempcratures. e pH values of sodium hy- 
droxide solutions calculated from PI<,-pOH = pH, where pOH = log 
[NaOH). r+ .  
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Figure 3-Arrhenius plots for hydrolysis of allylisobiitylacetyliirea 
at various hydrogen-ion concentrations. Thr p H  ralrres are indicated 
on figure. 


Values derived from the preceding expression vary from 13.0 to 
22.0 kcal./mole under the conditions investigated. 


The larger apparent energies, or situation, for the more basic 
solution (Fig. 3) may be the consequence of enhanced energetic 
requirements for hydroxyl-ion attack on anionic acylurea a t  high 
pH values relative to hydroxyl-ion reaction with the neutral acyl- 
urea molecules a t  lower pH values. 


The symmetrical diamide (Compound VII, Scheme I) was pre- 
pared in minute amounts by heating the sodium barbiturate in 0.1 
N NaOH; it was previously reported by Fretwurst (3). This com- 
pound was observed only at pH values of 9-9.5 and above. Its 
formation is seemingly in minimal amounts relative to  the acylurea. 


The allylisobutylmalonuric acid (Compound 11, Scheme I )  was 
produced by heating pH 9.0 solutions of the barbiturate followed by 
adjustment of the pH to 4.5 after removal of the diacetylurea and 
unreacted barbiturate present. This compound, m.p. 155-158", gave 
mass spectral, NMR, and elemental analyses indicative of the mal- 
onuric acid. It is the expected intermediate in formation of the acyl- 
urea, 111. Diethylmalonuric acid was previously isolated as a degra- 
dative intermediate of barbital (3, 9). 


Compound 111 produced acylurea was well as urea and the cor- 
responding acetic acid, IV, on hydrolysis as 0.1 N NaOH. These hy- 
drolytic products were observed on TLC plates. 


Allylisobutylmalonic acid was postulated as a decomposition 
product of the diamide, VII, with subsequent production of car- 
bon dioxide as well as allylisobutylacetic acid in alkaline media. 
This previously unreported malonic acid was prepared by hydrolysis 
of the diethyl ester in methanolic barium hydroxide followed by 
treatment with sulfuric acid to remove the barium present*. The 
acid, m.p. 98-102", was produced in 24% yield. It exhibited R, 
values dissimilar to any compounds present in the hydrolysis media 
of the barbiturate in the range of pH values investigated. From these 
TLC analyses, it was concluded that the malonic acid is no more 


* Personal communication, Dr. H. Dugger, Sandoz-Wander, Hanover, 
N. J. 
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4 / ( 1  + 42 
Figure 4-E'ect of ionic strength on hydrolysis of 2.2 X lo-' M 
sodium butalbital at pH 11.2 (0.05 N NaOH) at 80" with ionic 
strength increased by addition of sodium chloride. Samples were with- 
drawn periodically and monitored at 240 nm. Apparent or observed 
first-order rate constants are plotted on the ordinate against a func- 
tion of the ionic strength on the abscissa. 


than a transitory intermediate in decomposition of the diamide, 
although its possible presence cannot be discounted. 


It has been postulated that the pathway leading through the 
diamide, VII, may be a route of decomposition of uncharged bar- 
biturate, I, while the route through the malonuric acid, 11, and 
acetylurea, 111, serves as a method of breakdown of the ionic species, 
Ia (12). Garrett et al. (9) showed that an equilibrium between di- 
ethylmalonuric acid and barbital (diethylbarbituric acid) exists. 
As a consequence of this recycling, the 1,Z-cleavage may not be a 
result of specific attack on neutral barbiturate as much as a con- 
sequence of the equilibrium a t  various pH values (9). The malonuric 
acid, m.p. 155-158", was monitored at 80", 240 nm., giving a t i / *  = 
56 hr. a t  pH 9.2 as measured by absorbance loss. At pH 7, ab- 
sorbance increased up to 67 hr. followed by a slow diminution. The 
results a t  pH 7 are rather analogous to  those reported by Garrett 
et al. (9). 


With butalbital, no measurable amounts (TLC) of the diamide 
were found at  pH < 9.5, 80". At moderate alkalinity (pH 7-93), 
the products and intermediates of the barbiturate hydrolysis were 
allylisobutylmalonuric acid, allylisobutylacetylurea, allylisobutyl- 
acetic acid, and urea (Compounds 11-V, Scheme I). 


At higher pH values, about 9.5 and greater, 80", the diamide and 
a second spot, R f  about 0.2, were noted. 


The diamide was monitored at  240 nm., 80", in 0.1 N NaOH with 
a resultant k = 0.20 hr.-I, ti /2 = 3.5 hr. 


The significance of finding 1,2- or its equivalent 2,3-splitting only 
a t  higher hydroxyl-ion concentrations is that the likelihood of 
hydroxide or water reacting with the neutral species is low. The 
same holds for hydroxyl ion with dianionic butalbital, because 
little is produced up to  pH 9.5 where mainly the monoanionic form 
occurs. It, therefore, appears that the diamide, VII, may be the 
result of a solvent reaction with dianionic species since this doubly 
negatively charged molecule exists in appreciable amounts at  pH 
9.5 and above, pKa, 11.6,80". Hydroxide reaction with the dianionic 
species may not be favored due to  repellent forces between negative 
and double negative charges of the two ions but cannot be dis- 
counted. On the basis of presently available information, assign- 
ment cannot be made exclusively to  solvent or hydroxide. 


The symmetrical diamide was formed in what appeared to be 
relatively low amounts. Attempted quantitative isolation by classical 
methods proved tedious and was not pursued. 


Bulky substituents a t  the 5-position led to increased production 
of the diamide, as pointed out in the work of Fretwurst (3) and 
Aspelund (4). This is obviously a steric factor. 


In the cases studied, 1,6-cleavage was always the predominant 
route of decomposition. However, 1 ,2-cleavage of butalbital is 
probably the result of a reaction of the dianionic species since no 
diamide is formed a t  pH values below 9.5 where there is a prepon- 
derance of monoanionic and neutral barbiturate. 


Decomposition of Barbiturate Ring-Kinetics of the parent bar- 
biturate pyrimidine ring may be explained by two kinetically 
equivalent relationships (1): 
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or : 


kobs = KOH - [OH-]  HA - i-  OH - [OH-] ~H:A 0%. 4) 


where &?A, fnA -, and .fAz are fractions of barbiturate in the neu- 
tral, monoanionic, and dianionic states, respectively. The specific 
catalytic constants are indicated as k&,, k,?,,  OH -, and k O H - ,  
respectively, for water and hydroxide-ion attack. 


Ionic Strength Effects-Perturbation of the apparent first-order 
rate constant was noted on alteration of the ionic strength of solu- 
tions containing the barbiturate (Fig. 4). This was previously done 
(1) and slight effects were noted. Utilization of. the extended Debye- 
Hickel equation in conjunction with the Bronsted-Bjerrum equa- 
tion results in the expression (15): 


When the log of the apparent3r observed first-order rate con- 
stant, k * ~ ~ ,  is plotted against d p / ( l  + d p ) ,  a graph with slope 
0.75 is obtained (Fig. 2). The term ko is the rate constant where 
ionic strength p = 0. The value for the constant 2Q at 80“ is 1.15 
( 1  5, 16), and the positive slope is indicative of an  interaction of two 
like charged ions, Z&, namely OH- and HA-, leading to hydrolysis 
in 0.05 N NaOH (pH 11.2). At this pH the barbituric acid is 75% 
in the monoanionic form: pKaz 11.6, pKal 7.6 (1). 


TLC Techniques-The chloroform -isopropanol-ammonia system 
listed in the Experimental section is a standard for separation of 
barbiturates and proved most satisfactory for differentiation of 
butalbital from its hydrolytic products. Silica gel G F  plates5 were 
employed with the intact barbiturate visualized under short wave- 
length UV light. Degradation products were visualized on a treat- 
ment of iodine vapor following development of the chromatogram. 
Urea could be visualized by means of dimethylaminobenzaldehyde 
or dimethylaminocinnamaldehyde followed by hydrogen chloride 
vapor giving yellow and red colorations, respectively. 


The malonuric acid was studied by periodically spotting 20 pl. 
of 0.5z  aqueous solutions at  various pH values. The corresponding 
acylurea, acetic acid, and urea were noted on visualization. As 
the malonuric and acetic acids overlapped, they could be separated 
by a two-dimensional procedure using chloroform-methanol 
(80:20) following the primary development. 


The acetylurea produced only the acetic acid and urea when 5z 
solutions in aqueous ethanol were examined. The ethanol was 
necessary for solubilization of the acetylurea. 


SUMMARY 


Degradation of butalbital was studied in aqueous solution from 
pH 7 to  1.0 N NaOH in the temperature range of 60-80”. The 
hydrolysis products were characterized with emphasis on the two 
plausible pathways of decomposition of the pyrimidine ring relative 
to the point of cleavage. 


Ionic strength effects indicate OH-attack on barbituate mono- 
anion as a primary route of decomposition at  certain pH values. 


The barbiturate ring was found to break principally at the 1,6- or 


equivalent 3,4-positions in the region around neutrality. At higher 
pH values (pH > 9 3 ,  some 1,2- or 2,3-cleavage takes place, 
leading to  the diamide. It appears that production of the acylurea 
is the predominant route of decomposition under the conditions 
examined, with 1 ,2-cleavage being ancillary at higher alkalinities. 


The acylurea was found to  degrade rapidly at low hydrogen-ion 
concentrations, with the reaction velocity being slow relative to the 
barbiturate at  pH 7. This allowed isolation of the compound at  
pH 8.5. 


The malonuric acid and diamide produced by the hydrolysis 
were both prepared and identified. 


Methods for separating the reaction products in the reaction 
mixture by TLC as well as techniques for visualizing these sub- 
stances were discussed. 
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GLC Determination of Erythromycin in 
Enteric-Coated Tablets 


JOHN H. ROBERTSON. and KIYOSHI TSUJI 


Abstract 0 A GLC assay method for erythromycin in tablets is 
described. This method involves the extraction, silylation, and 
chromatography of erythromycin from tablets, and it yields an 
average recovery of 100.6x with a coefficient of variation of about 
2%. The method is also useful in monitoring the stability of enteric- 
coated erythromycin base tablets in simulated gastric fluid. 


Key phrases 0 Erythromycin enteric-coated tablets-GLC analysis 
0 Tablets, enteric coated, erythromycin-GLC analysis GLC- 
analysis, erythromycin enteric-coated tablets 


Erythromycin, available as the base, salts, or esters, 
is perhaps one of the most widely used antibiotics. How- 
ever, when given orally, erythromycin is susceptible to 
inactivation by acid in the stomach (1). For this reason, 
oral preparations of erythromycin are formulated with 
acid-resistant coatings or derivatized as esters. 


The present procedure for the determination of 
erythromycin in tablets is a microbiological assay using 
the agar diffusion method (2). The method is, however, 
far from ideal due to the inherent variability associated 
with a microbiological system. The GLC assay method 
developed by Tsuji and Robertson (3) is perhaps the 
best practical method available to date for the qualita- 
tive and quantitative analysis of erythromycin, its 
esters, and its fractions. Erythralosamine and anhydro- 
erythromycin, which normally predominate upon acid 
treatment of erythromycin, can also be quantitated by 
the GLC method. 


The purposes of this paper are to demonstrate the 
applicability of the GLC method to the analysis of 
erythromycin in enteric-coated tablets and to explore 
the feasibility of the method to monitor the stability of 
enteric-coated erythromycin tablets in simulated gastric 
fluid. 


EXPERIMENTAL 


Apparatus-A gas chromatograph' with flame-ionization de- 
tector was used. The gas flow rates were: hydrogen, 40ml./min.; air, 
600 ml./rnin.; and carrier gas (helium), 55 ml./min. A chart 
speed of 6.4 mm./min. and an isothermal oven temperature of 280" 
were used. 


Column- A glass column, 3 x 1830 mm. (6  ft.) packed with 3 
OV-225 on Gas Chrom Q, 10@120 mesh*,was used. The column was 
no-flow conditioned at  330" for 45 min., followed by an injection of 
a mixture of three trimethylsilyl donors3 and silylated erythromycin. 
The column thus prepared had 1319 theoretical plates per meter for 
silylated erythromycin A. If the column is used daily, its stability is 
about 3 weeks because of the high operating temperature. 


Internal Standard Solution-Five milliliters of trimethylchloro- 
silane4 was added to 5 ml. of N,0-bis(trimethylsilyl)acetamide4 


I F & M model 400. 
? Applied Science Laboratory, Inc., State College, Pa. 
5 Silyl-8, Pierce Chemical Co., Rockford, Ill. 
4 Pierce Chemical Co. 
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Figure I-Cliromatogram of' uncoated compressed erythromycin 
tablet yfrer simulareci gastricfluid treatment. Key: I ,  erythralosumitie; 
2 ,  biterrid standard; 3, acid-hydrolyzed erytliromyciti; and 4 ,  
anliydroer y thromy citi. 


followed by 2 ml. of N-trimethyl~ilylimidazole~. This silylation 
reagent mixture was added to 12 ml. of pyridine containing approxi- 
mately 48 mg. of 1,3-dimyristin*. 


Reference Standard-About 10 mg. of erythromycin reference 
standard was accurately weighed into a 1-dram vial'. 


Sample Preparation-To minimize tablet weight variation, 10 
erythromycin tablets were accurately weighed and then finely 


5 Opticlear Stopper Vial, Owens-Illinois, Toledo, Ohio. 
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Table I-Recovery of Erythromycin from 250-mg. Placebo 
Tablets Spiked at 80, 100, and 120% of the Manufacturing Theory 


Table 11-Recovery of Erythromycin from Placebo Tablets 
Spiked at  the Label Potency 


Erythromycin Erythromycin Percent 
Spiked, mg. Recovered, mg. Recovery 


8.000 7.91 98 .8  
10.000 10.0 100.0 
11.999 12.4 103.6 


Average recovery 100.6 
__ 


ground using a Wiley mill with a 60-mesh screen. A portion of the 
powder equivalent to the weight of two tablets (about 500 mg. 
of erythromycin) was accurately weighed and placed in a ground- 
glass-stoppered, 50-ml., round-bottom centrifuge tube. Twenty-five 
milliliters of methylene chloride was added, and the tube was tightly 
stoppered and then shaken vigorously or rotated continuously for 
45 min. on a shaker (Eberback) or tube rotator (BBL). The sample 
was then centrifuged at 3000 r.p.m. (10,OOOXg) for 15 min. The 
methylene chloride extract, 0.5 ml., was then pipeted into a I-dram 


0 


2 3  


I I 
8 


I I I 
20 16 12 


MINUTES 


Figure 2-Cliromatogrum o,f enteric-coated erythromyciti tablet a.fter 
sinitdated gastric fluid treatment. Key: I, internal standard; 2 ,  acid- 
hydrolyrcd erytlwomyciir; 3, erytliromycin C; 4, erythromyciii A ;  5, 
erythromycirr A-isomer 11; 6 ,  erythromyciil B atidlor uiihydroery- 
thromyciii A ;  atid 7, erythromycin A-isomer I l l .  


Tabiet 
Material", Erythromycin Erythromycin Percent 


Sample mg. Spiked, mg. Recovered, mg. Recovery 


1 340 500.0 490 98.1 .- ~ 


2 340 499.9 493 98.6 
3 340 499.9 502 100.4 
4 340 500.0 506 101.1 
5 340 499.9 485 97.1 
6 340 500.0 516 103.2 


Average recovery 99.8  
Coefficient of 2 . 3  


- 


variation 


a From E-Mycin tablets. 


Table 111-Precision of GC Assay for Erythromycin in 
Erythromycin 200-mg. Tabletse 


GC 
Area - Calculated 


Weight of Internal -Erythromycin-. Biopotency, 
Sample, g. Standard A B C mg./Tablet 


1.56679 115.5 387.5 9 . 5  0 194 
1.56699 113.5 381.5 10.0 0 195 
1.56683 109.5 371.5 10 .5  1.0 197 
1.56685 108.0 377.0 12.0 4 . 5  204 
1.56696 121.5 422.5 14 .5  7 . 5  204 
1.56702 127.0 429.5 10 .5  1 . 5  196 - 


Average potency 198 mg./tablet 
Coefficient of 2.19% 


variation 


Erythromycin 200 rng., Japan Upjohn Ltd. 


screw-cap vial6 and evaporated to dryness under a stream of dry 
nitrogen. To ensure dryness, the sample was then dried for an 
additional 10 min. in a vacuum oven at 60" at <5 mm. Hgpressure. 


Silylation Procedureone milliliter of internal standard solution 
was added to the vial containing erythromycin by means of a glass 
tuberculin syringe. The cap, lined with a 2.6-mil polyethylene liner, 
was then tightly sealed and placed in an oil bath at 75" for 24 hr. 


Calculation-As previously indicated (3), the microbiological 
responses of erythromycins B and C are 50 and 40%, respectively, 
that of erythromycin A. Therefore, the following formula was 
devised to make the GC data comparable with that of the micro- 
biological assay. 


GC calculated biopotency (mg. erythromycin/tablet) = 


[Ra/Rsl + 0.5 [Rb/Rsl + 0.4 [Rc/Rs] X 
[WslWt] X R X Fz X WI (Eq. 1) 


where : 


Rs = ratio of a reference standard erythromycin A peak area to 


Ra = ratio of a sample erythromycin A peak area to its internal 


Rb = ratio of a sample erythromycin B peak area to its internal 


Rc = ratio of a sample erythromycin C peak area to its internal 


Ws = weight of erythromycin reference standard in milligrams 
Wt = weight of the powder equivalent of 500 mg. erythromycin 


in milligrams 
Fl = assigned value of erythromycin reference standard ex- 


pressed in micrograms of erythromycin base per milli- 
gram of standard 


its internal standard peak area 


standard peak area 


standard peak area 


standard peak area 


F, = dilution factor (50) 
W1 = weight of one tablet in milligrams 


6 Part No. 60910, Kimble Glass, Owens-Illinois, Toledo, Ohio. 
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Simulated Gastric Fluid Treatment-Samples of erythromycin 
coated with potassium acetate phthalate were treated in simulated 
gastric fluid according to  the directions outlined in USP XVlll(4). 
After gastric fluid treatment, the simulated gastric fluid was filtered 
off using a Millipore filter with 0.45-p HA Millipore membrane. 
The insoluble material was then rinsed with 100 ml. of water. After 
rinsing, suction was maintained until the solids were dry. Samples 
thus treated were then extracted and silylated as outlined in the 
standard tablet procedure. 


RESULTS AND DISCUSSION 


Placebo tablets (containing all tablet ingredients except eryth- 
romycin) were assayed with and without internal standard or 
erythromycin to  determine if any interfering components in the GLC 
chromatogram are extracted with methylene chloride. N o  inter- 
ference was observed. 


Placebo 250-mg. tablets were spiked with erythromycin a t  80, 
100, and 120% of manufacturing theory. The average recovery for 
this three-level spiked study was 100.6% (Table ]).When eryth- 
romycin was spiked at  label potency using six replicates of in- 
dividually weighed and extracted samples, the average recovery 
was 99.8 u4 with a coefficient of variation of 2.3 % (Table 11). 


The precision of the method was determined by assaying six 
replicates of individually weighed and extracted samples of one lot 
each of regular production lots of erythromycin tablets contain- 
ing 200 ing.’ and 250 mg.* of erythromycin, respectively. The regular 
production 200-mg. tablets assayed at  an average potency of 198 
mg./tablet with a coefficient of variation of 2.19% (Table Il l ) .  
Microbiological assay of this lot was 209 mg./tablet. The 250-mg. 
tablet (manufacturing theory 262 mg./tablet) gave an average 
potency of 258 mg./tablet with a coefficient of variation of 1 .25z  
(Table IV). Microbiological assay of this lot was 255 mg./tablet. 


Thirteen regular production lots of erythromycin 250-mg. tablets 
were assayed by G C  and microbiologically. The average G C  cal- 
culated biopotency (250 mg./tablet) compared favorably with the 
microbiological aesay value (254 mg./tablet). 


The effectiveness of enteric coating erythromycin tablets with 
potassium acetate phthalate was tested by treating with simulated 
gastric fluid and then by G C  of the methylene chloride-extracted 
residue. Uncoated erythromycin tablets showed degradation to 
anhydroerythromycin A (97 z), the prime product of acid degrada- 


7 Erythromycin 200 mg., Japan Upjohn Ltd. 
8 E-Mycin 250 mg., The Upjohn Co.  


Table IV--Precision of G C  Assay for Erythromycin 250-mg. 
Tabletsa 


G C  
Area-- - Calculated 


Weight of Jnternal -Erythromycin- Biopotency, 
Sample, g. Standard A B C mg./Tablet 


- _ - ~  
0.89976 101.0 343.0 46 .0  11.0 257 
0.89944 144.0 503.0 54.0 11.0 261 
0.89966 118.5 414.5 34.5 9 .5  258 
0.89954 113.5 390.5 32.0 5.0 253 
0.89951 115.0 408.5 32.0 9 . 0  261 
0.89954 141.0 489.5 38.0 8 .5  255 


Average potency 258 mg./tablet 
Coefficient of 1 . 2 5 z  


variation 


a E-Mycin 250 mg., The Upjohn Co. 


tion, and a trace of erythralosamine (Fig. 1). Effectively coated 
erythromycin tablets showed no degradation (Fig. 2). Thus, the GLC 
method for erythromycin has been successfully used to assay enteric- 
coated erythromycin tablets. Although the present study was con- 
fined to enteric-coated erythromycin base tablets, the GLC method 
may be applied to monitor the stability of various erythromycin 
esters in simulated gastric fluid, since erythromycin esters and acid- 
degradation compounds of erythromycin can be separated and 
quantitated by the GLC method (3). 
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Analysis of Cacodylate Injections by NMR Spectroscopy 


WALTER HOLAK 


Abstract 0 An NMR procedure was developed for the assay of Keyphrases 0 Cacodylate injections-NMR analysis, compared 
sodium cacodylate injection. The results obtained by this technique to N F  X and atomic absorption spectrophotometry methods 0 
compare favorably with those obtained by the NF X method and Sodium cacodylate injections-NMR analysis, compared to N F  X 
atomic absorption spectrophotometry. The advantages of the and atomic absorption spectrophotometry methods 0 NMR spec- 
NMR procedure over the other procedures are that it is highly troscopy-analysis, cacodylate injections 
specific for the cacodylate and that it is less time consuming. 


The position of arsenic-containing compounds in arsenic compounds that still enjoys some use is sodium 
therapeutics has gradually been displaced as more cacodylate. This drug releases arsenic (111) in the body 
specific drugs have been developed. One of the organic slowly and is formulated as a solution for injection. In 
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Simulated Gastric Fluid Treatment-Samples of erythromycin 
coated with potassium acetate phthalate were treated in simulated 
gastric fluid according to  the directions outlined in USP XVlll(4). 
After gastric fluid treatment, the simulated gastric fluid was filtered 
off using a Millipore filter with 0.45-p HA Millipore membrane. 
The insoluble material was then rinsed with 100 ml. of water. After 
rinsing, suction was maintained until the solids were dry. Samples 
thus treated were then extracted and silylated as outlined in the 
standard tablet procedure. 


RESULTS AND DISCUSSION 


Placebo tablets (containing all tablet ingredients except eryth- 
romycin) were assayed with and without internal standard or 
erythromycin to  determine if any interfering components in the GLC 
chromatogram are extracted with methylene chloride. N o  inter- 
ference was observed. 


Placebo 250-mg. tablets were spiked with erythromycin a t  80, 
100, and 120% of manufacturing theory. The average recovery for 
this three-level spiked study was 100.6% (Table ]).When eryth- 
romycin was spiked at  label potency using six replicates of in- 
dividually weighed and extracted samples, the average recovery 
was 99.8 u4 with a coefficient of variation of 2.3 % (Table 11). 


The precision of the method was determined by assaying six 
replicates of individually weighed and extracted samples of one lot 
each of regular production lots of erythromycin tablets contain- 
ing 200 ing.’ and 250 mg.* of erythromycin, respectively. The regular 
production 200-mg. tablets assayed at  an average potency of 198 
mg./tablet with a coefficient of variation of 2.19% (Table Il l ) .  
Microbiological assay of this lot was 209 mg./tablet. The 250-mg. 
tablet (manufacturing theory 262 mg./tablet) gave an average 
potency of 258 mg./tablet with a coefficient of variation of 1 .25z  
(Table IV). Microbiological assay of this lot was 255 mg./tablet. 


Thirteen regular production lots of erythromycin 250-mg. tablets 
were assayed by G C  and microbiologically. The average G C  cal- 
culated biopotency (250 mg./tablet) compared favorably with the 
microbiological aesay value (254 mg./tablet). 


The effectiveness of enteric coating erythromycin tablets with 
potassium acetate phthalate was tested by treating with simulated 
gastric fluid and then by G C  of the methylene chloride-extracted 
residue. Uncoated erythromycin tablets showed degradation to 
anhydroerythromycin A (97 z), the prime product of acid degrada- 


7 Erythromycin 200 mg., Japan Upjohn Ltd. 
8 E-Mycin 250 mg., The Upjohn Co.  


Table IV--Precision of G C  Assay for Erythromycin 250-mg. 
Tabletsa 


G C  
Area-- - Calculated 


Weight of Jnternal -Erythromycin- Biopotency, 
Sample, g. Standard A B C mg./Tablet 


- _ - ~  
0.89976 101.0 343.0 46 .0  11.0 257 
0.89944 144.0 503.0 54.0 11.0 261 
0.89966 118.5 414.5 34.5 9 .5  258 
0.89954 113.5 390.5 32.0 5.0 253 
0.89951 115.0 408.5 32.0 9 . 0  261 
0.89954 141.0 489.5 38.0 8 .5  255 


Average potency 258 mg./tablet 
Coefficient of 1 . 2 5 z  


variation 


a E-Mycin 250 mg., The Upjohn Co. 


tion, and a trace of erythralosamine (Fig. 1). Effectively coated 
erythromycin tablets showed no degradation (Fig. 2). Thus, the GLC 
method for erythromycin has been successfully used to assay enteric- 
coated erythromycin tablets. Although the present study was con- 
fined to enteric-coated erythromycin base tablets, the GLC method 
may be applied to monitor the stability of various erythromycin 
esters in simulated gastric fluid, since erythromycin esters and acid- 
degradation compounds of erythromycin can be separated and 
quantitated by the GLC method (3). 
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I 1  , , I  I , , ,  1 1 1 1  


3.0 2.0 
P.P.m. (6) 


Figure 1-NMR speclra of sodium cacodylate (2.0 p.p.m.) and suc- 
citric acid internal standard (2.6p.p.m.). 


addition, the iron salt, represented stoichiometrically as 
Fe[(CHa)eAsOt]d, has been used where iron deficiency 
was present. 


The usual approach to the analysis of the cacodylate 
has been to  measure the arsenic content. Titration with 
standard iodine'or potassium bromate (1, 2) after diges- 
tion with sulfuric acid is a well-established method. In 
this case, if the test object is ferric cacodylate, the arsenic 
must be separated from the iron (III), by distillation as 
arsenic trichloride, to obviate interference. A more 
modern element-measuring approach employs atomic 
absorption spectrophotometry, which can determine 
both elements once appropriate dilution is carried out. 
At any rate, both of these general schemes measure only 
the total quantity of the elements present in the solution 
and do not indicate the nature of the arsenic-containing 
compounds. 


A much more specific quantitative analytical method, 
which is described here, uses proton nuclear magnetic 
resonance (NMR). A number of reviews and articles 
have been wholly (3-5) or partially (6-19) devoted to  
quantitative analysis by NMR. Besides the quantitation 


Table I-Analysis of Synthetic Cacodylate Samples by NMR 


Succinic Ferric Sodium 


Added, Added, Added, Found, Percent 
Acid Chloride -Cacodylate-- 


Sample mg./ml. mg./ml. mg./ml. mg./ml. Recovered 


49.5 - 51.1 51.2 100.2 
2 25.28 - 23.8 23.6 99.2 
1 
- . .- -~ - ~~ 


3 15.5 - 13.0 12.9 99.2 
4 45.9 25.4 48.5 47.5 97.9 
5 33.9 14.1 26.3 26.1 99.2 
6 20.9 11.1 20.9 20.3 97.1 
7 12.3 10.5 14.1 14.5 102.8 


Mean and standard deviation 99.4 f 1.8 


aThis sample was subsequently analyzed for a total of 10 times, 
yielding a mean of 99.2 and a standard deviation of 1.2%. 


of the cacodylate compound discussed in this paper, 
other pharmaceuticals in various dosage forms that have 
been quantitated previously are aspirin-phenacetin- 
caffeine (20, 21), aspirin (22), chlorophenesin carbamate 
(23) ,  barbiturates (24), methylxanthines (25), mestranol 
(26), meprobamate (27), dimethyl sulfoxide (28), chloral 
hydrate (29), pentylenetetrazol (30), and aminophylline 
(3 1). With the cacodylate, the proton magnetic resonance 
exhibited by both of the methyl groups bonded to  the 
arsenic is measured quantitatively by comparison to  an 
internal standard. Identification is also established from 
the field position of the methyl singlet. 


EXPERIMENTAL 


Apparatus-NMR spectra were recorded with a spectrometer' 
(ambient probe temperature of 41 ") using a sweep of 500 sec. and 
a sweep width of 500 Hz.; the delta scale (6) was used throughout. 
Atomic absorption spectrophotometry measurements were made 
on a spectrometer2 according to the manufacturer's instructions. The 
flame used was air-acetylene, and the source for both elements was 
the appropriate hollow cathode lamp; the wavelengths at which 
absorptions were measured were 193.7 and 248.3 nm., resonance 
lines of arsenic and iron, respectively. 


Chemicals and Solutions-Succinic acid, reagent grade, internal 
standard, was used. The stock standard solutions (32) used were: 
(a)  arsenic, lo00 mcg./ml. from primary standard arsenic trioxide; 
and (b)  iron, lo00 mcg./ml. from pure iron wire. 


The ferric cacodylate is prepared by addition of the desired 
quantity of iron (111) in solution to a solution of sodium cacodylate. 


Procedures-NMR-Pipet a volume of injection equivalent to 
about 100 mg. of sodium cacodylate into a 10-ml. beaker. Weigh 
accurately about 83 mg. of succinic acid internal standard and add 
to the sample solution. Concentrate, if necessary, by carefully 
evaporating the aqueous solution on a steam bath to not less than 
1 ml. Further concentration may result in precipitation of succinic 
acid. Precipitate any ferric ion if present by dropwise addition of 
potassium hydroxide solution until basic. Pour the mixture into a 
small tube and centrifuge. Transfer approximately 0.4 ml. of the 
clear supernate to an NMR tube. Obtain the NMR spectrum; ad- 
just the spin rate so that no spinning sidebands appear in the region 
of interest. Integrate each peak five times and use the average in- 
tegral value for quantitation. 


Calculate the amount of sodium cacodylate in the volume of in- 
jection taken as follows: 


mg. Na(CH3)aAsOu.3H?0 = A X EW X mg., (Eq. 1 )  
A ,  EW, 


where: 


A ,  
A ,  


= integral value of sodium cacodylate 
= integral value of succinic acid 


1 Varian A-60. 
* Perkin-Elmer, model 303. 
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Table II-Comparison of Results of Synthetic Cacodylate Samples by N F  X, NMR and Atomic 
Absorption Spectrophotometry (AAS) Procedures 


~ ~~ ~ 


Quantity Added, 


Sodium -NF X- -NMR--- -----AAS- -Recovered, AAS- 
--m g./mI.- Sodium Cacodylate Recovered- - Iron 


Sample Cacodylate Iron mg./ml. % mg./ml. % mg./ml. . Z mg./ml. % 
- - 41.9 - 42.1 100.5 40.9 97.6 41.8 99.8 


B 20.9 - 20.8 99.5 20.3 97.1 21.6 103.3 
A 


C 10.5 - 10.6 101 .o 10.7 101.9 11.5 109.5 
44.0 102.8 43.7 102.1 5 .0  98 D 42.8 5.1 


E 21.4 2.6 - - 21.1 98.6 22.0 102.8 2.6 100 
F 10.7 1.3 - - 10.6 99.1 10.4 97.2 1 .3  100 


- - 
- - 


- - 


Mean and standard deviation 100.3 f 0.8 99.5 =t 2.3 102.5 zt 4.1 99.3 f 1.2 


EWu = formula weight of sodium cacodylate/6 = 35.67 
EW, = formula weight of succinic acid/4 = 29.52 
mg., = weight in milligrams of succinic acid 


Atomic Absorption Spectrophotomrtry-Dilute an appropriate 
aliquot of the sample to .within the optimum concentration range 
for the element to be measured. For arsenic, this is approximately 
100 mcg./ml.; for iron, it is approximately 10 mcg./ml. Prepare 
working standards by diluting the stock standard solution to ob- 
tain at  least four different concentrations of the element so as to 
bracket the concentration in the sample solution. Measure the 
percent absorption, convert to absorbance, and prepare standard 
calibration curves of absorbance uersus concentration. From an 
appropriate calibration curve, obtain the concentration of the ele- 
ment in the sample and multiply by the dilution factor. Convert the 
quantity of arsenic to sodium cacodylate, Na(CH&AsOp. 3H20, 
by multiplying by 2.857. 


RESULTS AND DISCUSSION 


The observed NMR spectrum for the analytical system studied 
here is seen in Fig. 1. Both the cacodylate and succinic acid give 
rise to singlets at  2.0 and 2.6 p.p.m., respectively, uersus Tier’s salt. 
The extreme simplicity of the spectrum presents no difficulties 
when integration is carried out. Since the cacodylate exhibits no 
characteristic multiplicity of peaks in its spectrum, it can best be 
identified by adding authentic sodium cacodylate standard and 
observing an increase in peak height. 


Some comment is warranted about possible interferences. Water, 
the solvent in which the sodium cacodylate is dissolved in the in- 
jection dosage form, is a satisfactory solvent in this case because 
the water protons have no resonance in the region of analytical 
interest but rather exhibit a peak downfield. As discussed in the 
Procedure section, ferric ion must be removed since the para- 
magnetic species can cause undesirable peak broadening. 


Table I reports the results of the NMR analysis of known syn- 
thetic cacodylate samples. The maximum absolute difference be- 
tween quantities added and found is 1.0 mg. As reported in the 
table, the mean and standard deviation indicate that the method is 
accurate and reasonably precise over an almost fourfold concen- 
tration range. The aggregate standard deviation is close to the 
value compiled when an individual solution was analyzed 10 sepa- 
rate times. 


The data in Table I1 describe the results of the three kinds of 
analytical measurements. When the values for the three samples 
assayed for arsenic by the N F  X, NMR, and atomic absorption 
spectrophotometry procedures are compared in terms of the mean 
and standard deviation, it is noted that the compendium method 


Table 111-Analysis of Commercial Cacodylate 


-- Sodium Cacodylate- Percent of 
Sample Declared Found Declared 


1 74 mg./2 ml. 72.1 mg./2 mi. 97.4 
2 74 mg./2 ml. 74.0 mg./2 ml. 100.0 
3 74 rng./S ml. 78.0 mg./5 ml. 105.4 


-- Ferric Cacodylate- 
4 10 mg./ml. 9.34 mg./ml. 93.4 


yields the most precise values with good agreement with the amounts 
of drug added. Although the NMR results are less precise with a 
lower mean value, they are probably more accurate since they arise 
from a measure of the methyl group response and do not respond 
to any free arsenic which might be in the solution. The higher devia- 
tion of the NMR procedures is ascribable to the uncertainties in 
the integration measurements. The atomic absorption spectro- 
photometry analyses, which show the highest mean and standard 
deviation, involve two factors that may be cited to rationalize these 
results. First, atomic absorption spectrophotometry measures 
total arsenic and includes any inorganic arsenic present. Second, 
it is well known that arsenic is one of the more difficult elements to 
measure by atomic absorption spectrophotometry, mainly because 
its resonance lines lie in the short wavelength region of the UV 
spectrum. In this region, the atmosphere as well as the combustion 
products of an air-acetylene flame absorbs strongly. In this study, 
additional difficulty was encountered due to  the arsenic hollow 
cathode lamp used. The light output of this particular lamp was 
weak, requiring high gain setting on the photomultiplier tube and 
thereby resulting in a very noisy absorption signal. 


The results in Table 111 show the NMR analysis of some com- 
mercial cacodylate samples. Both of the more concentrated samples 
are within compendia1 purity rubric limits, whereas the more dilute 
solutions are variable. In addition, the uncertainty exhibited by 
the concentrated sample results is similar t o  that established for the 
synthetic mixtures. ’ 


CONCLUSION 


The NMR procedure for cacodylate determination in injections 
yields results somewhat lower than those obtained by the N F  X 
and atomic absorption spectrophotometry methods and is not as 
precise as the N F  X titration. However, since the NMR procedure 
is based on measurement of the methyl proton resonance, it offers 
a desirably high degree of specificity for the cacodylate in addition 
to being rapid and convenient. The other techniques in which the 
arsenic content is measured are not specific for the cacodylate. 
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Variation in Dissolution Data Using an 
Apparatus Meeting USP-NF Requirements 


A. M. ROSOLIA, J. R. O’CONNELL, J. F. BAVITZ, F. A. RESTAINO, and J. B. SCHWARTZ’ 


Abstract 0 Variation in dissolution results between the two vessels 
recommended in USP XVllI  and N F  XIII prompted an  investi- 
gation of vessel shape and its effect on dissolution. Further testing 
was carried out with a dissolution vessel whose concavity was 
obviously different from those recommended but still within 
compendia1 specifications. The dissolution results obtained in 
this modified apparatus were different from those obtained in the 
recommended vessels under the particular conditions of the test 
used. (The difference in results between the two recommended 
vessels was subsequently shown not to be statistically significant, 
although the modified vessel did cause changes.) A possible ex- 
planation for these observations is presented. 


Keyphrases 0 Dissolution tests-ffect of vessel shape (con- 
cavity), compendial dissolution vessels, modified vessel 0 Vessels 
for dissolution testing-ffect of shape (concavity) on dissolution 
rates, compendial vessels, modified vessel 0 Glass dissolution 
vessels-effect of shape (concavity) on dissolution rates, compendial 
vessels, modified vessel 


Eight monographs carry a dissolution test require- 
ment in USP XVIII (1) and six do so in N F  XI11 (2). 
Cooper and Hersey (3) presented a tabulation of these 
preparations and their specifications. Recently, Beyer 
and Smith (4) reported on an unexpected variable 
(vibration) in the USP-NF test. The purpose of this 


article is to report on an additional source of variation 
possible in the official test methods. 


The compendia in their latest revisions include 
specifications for the rotating-basket method of dis- 
solution testing. USP XVIII states that the vessel, 
which is one of four parts of this apparatus, must meet 
the following requirements: “ .  . . a covered, 1000 ml. 
vessel made of glass or other inert, transparent ma- 
terial; . . . . The vessel is cylindrical, with a slightly con- 


Table I-Effect of Vessel Type on Hydrochlorothiazide Dissolution 
~ ~~~ 


Percent Hydrochlorothiazide 
-Dissolved in 30 min:-. 


Sample Kimble Pyrex 


1 
2 
3 
4 
5 
6 
Mean 


85 
88 
88 
95 
-b 
- 
89 


80 
80 
80 
84 
81 
79 
81 


~ ~~ ~ 


n The USP XVIII monograph for hydrochlorothiazide tablets con- 
tains a specification of not less than 60 of labeled amount dissolved 
in 30 min. 6 Only four Kimble vessels were available for this initial 
study. 
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Identification of Hallucinogens in Illicit 
Seizures I: 2,5-Dimethoxyamphetamine 


ROBERT C.. SHALER". and JOHN J. PADDEN? 


Abstract 0 The identification of the hallucinogen, 2,5-dimethoxy- 
amphetamine, in illicit seizures using spectroscopic techniques is 
described. The difficulties in the interpretation of the IR spectra 
as a result of positional isomers and also the anomalies found 
during GC analysis are covered. The NMR and mass spectroscopic 
data are explained. 


Keyphrases 0 2,5-Dimethoxyamphetamine-identification in illicit 
drug seizures, NMR spectroscopy and mass spectroscopy 0 Hal- 
lucinogens-identification by NMR spectroscopy and mass spec- 
troscopy of 2,5-dimethoxyamphetamine in illicit drug seizures 0 
NMR spectroscopy-identification of 2,5-dimethoxyamphetamine 
0 Mass spectroscopy-identification of 2,5-dimethoxyamphet- 
amine 


Recent studies on the correlation of structure-func- 
tion activities of drugs with specific biological effects 
have produced encouraging results concerning the 
ability to predict whether a certain compound in a 
series of congeners will elicit a specific biological re- 
sponse (1, 2). These studies have been extended to the 
hallucinogens and especially the amphetamines and 
phenylethylamines, thus making it possible to give an 
educated guess as to which compounds will produce 
hallucinogenic activity (3). 
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Figure 1 -1R spectrum of 2,5-dimetlioxyamphetamine as received in 
the illicit sample. 


Since the current federal drug abuse laws regulating 
the sale and possession of drugs are not sufficiently 
broad to cover all possible derivatives of the am- 
phetamines, it would be extremely profitable and legal 
to synthesize those derivatives that could be predicted 
to have hallucinogenic activity. 


In recent months, this laboratory has received 
several seizures from law enforcement agencies con- 
taining suspect hallucinogens reportedly being sold 
as the potent psychomimetic agent mescaline (3,4,5- 
trimethoxyphenylethylamine). The compound in these 
seizures was identified as 2,5-dimethoxyamphetamine. 
This compound has no current medical use, but it is 
utilized by the photographic industry'. This report is 
concerned with the identification of this hallucinogenic 
compound in illicit seizures. 


EXPERIMENTAL 


Pteparation of Material for Analysis-Purification of the ma- 
terial was accomplished by GC after extraction from pH 8.5 solu- 
tion with chloroform. A gas chromatograph2 equipped with a 3% 
OV-17, 0.63-cm. X 1.8-m. (0.25-in. X 6-ft.). stainless steel column 


3 4 5 6 7 8 9 10 11 12 13 14 15 
WAVELENGTH,  p 


d 


3 4 5 6 7 8 9 10 11 12 13 14 15 
WAVELENGTH, p 


b 


Figure 2-(a) IR spectrum of 2,5-dimethoxyamphetamine hydro- 
chloride. The hydrochloride salt was prepared lrom material purified 
by GC on a 3% OV-17 column maintained at 220". (b) IR spectrum 
of 2,5-dimethoxyamphetamine base. The material, as received, was 
purified by GC using the same conditions as for Fig. 2a. 


1 Personal communication with Upjohn. 
* Barber-Coleman model 5320 or Varian series 1800. 
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Figure 3- -Mass spectral fragmentatioii pattern of 2,5-dimethoxyamplieramine. 


was operated isothermally at  220" with injector and detector tem- 
peratures of 265 and 295", respectively, and a flow rate of 44 ml./ 
min. The fractions were collected manually and prepared for either 
IR  or NMR spectroscopy. 


IR Spectroscopy -IR analysis was performed on a sodium 
chloride spectrophotometers using a 1.3-mm. KBr pellet. The 
material purified by GC was used to  obtain IR spectra of the free 
base and of the hydrochloride. 


IR analysis was also performed on the material as it was re- 
ceived in the laboratory. 


NMR--NMR spectroscopy was done using an NMR spec- 
trometer' on either the base as prepared by GC or the material as 
received in the laboratory. Tetramethylsilane was used as the 
internal standard. 


Mass Spectroscopy-Mass spectroscopic analysis was performed 
using a combined gas chromatograph-mass spectrometer'. The g a s  
chromatograph was equipped with a 3 OV-1 column and operated 
isothermally at  150". 


RESULTS 


IR Analysis-The substance, as received, melted at  122-125". 
Replicate samples showed IR spectra of three types, the most 
noticeable variations occurring between 835 and 800 ern.-', where 
absorption reflects out-of-plane deformation of aromatic hydrogens 
(Fig. 1) and also --'NH, rocking frequency. Identical spectra and 
melting points were obtained with known 2,5-dimethoxyaqphet- 
amine hydrobromide. 


The hydrochloride salt of the material (1 1 mg.), prepared from 
the gas chromatograph, melted at  115116". In this study, it gave 
I R  patterns or the first two types, one of which is shown in Fig. 2a. 


3 Perkin-Elmer. ' Varian A-60. 
L K B  model 9000. 


The spectrum of 2,5-dimethoxyamphetamine base, purified by GC, 
is  shown in Fig. 2. 
In all of these IR patterns, strong aromatic and aliphatic ether 


bands are present at  1225 and 1045 crn.-'. 4 strong absorption due 
to the aromatic nucleus is seen a t  15oD cm.-I; and a broad weaker 
aromatic band, including the Arimary amine deformation frequency. 
is seen a t  1600 cm.-1. 


0 


L 
b 


Figure 4 -4a )  GC analysis of the material a s  receioed, The base was 
extracted from bicarbonate ( p H  8.5) solutiotr with clrloroform. The 
CC conditions ate described in the text. (b) GC analysis of' the tno- 
terial as receiced. The base was extracted from ammo/rfiim liydroxidc 
( p H  > 10) solrrtioii. Tlie GC conditions are described Li !he text. 


Vol. 61, No. 11, November 1972 1853 







d C  


: H 3 v m - C H 3  


ppm ( 6 )  
I 1 .52 ,  1 . 4 0  (Doublet) 


b a  11 a Methyl 
11 b CH.CH9 I 3.14-2.97 (Broad Multinlet)  _ - - - I  


c Meihox; 3 . 8 1 , 3 . 7 3  
d Aromatic (3 4) 6 . 7 8  
e Aromatic (61 6 . 7 6 7  
f Ammonium 8 .00  I ,ye 


1 I I I L I I I I I I 1 1 I I 


8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 


b I I I I I I I 


P.P.m. (6) 
a 


C 


C 


a Methyl 


c Methoxy 


f Amino 


b CH, CH2 


d , e  Aromatic (3 ,4 ,6 )  


ppm ( 6 )  


1.06,  1 . 1 5  (doublet) 
2.52-2.69 (Broad multiplet) 
3.74 
6.73 
2.07 (Broad) 


I I I I I I I I I 1 ' .  I 
I I 1 I I I 1 1 .  I I 


8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 


P.P.m. ( 8 )  
b 


Figure 5-(a) NMR spectrum of the salt as received. The spectrum was made in CDCI? wiih tetramethylsilariP as the internal standard. 
(b) NMR spectrum of' the base. The base was purified by GC itsing the same conditions assor Fig. 4b. 


In the base, a prominent absorption occurs at  800 an- ' .  This 
can be assigned to the out-of-plane bending of the two adjacent 
hydrogen atoms on the benzene ring. The isolated aromatic hydro- 
gen absorbs in a broad band of medium strength centered at  875 
cm.-l. This pattern of substitution is also reflected in the three 
aromatic hydrogen in-plane deformation modes at  1180, 1155, and 
1125 cm.-l. 


Interactions at these frequencies by themselves do  not permit a 
decision to be made regarding the three possible positional isomers 


of dimethoxyamphetamine; but methoxamine [o-hydroxy-P-(2,5- 
dimethoxyphenyl)isopropylamine], which differs from 2,s-dime- 
thoxyarnphetamine only by the existence of a hydroxyl substituent in 
the 8-position, has the same aromatic hydrogen out-of-plane bending 
modes as 2,s-dimethoxyampherarnine plus an identical absorption 
at  710 cm.-'. A singledifference is seen in the pattern of the methox- 
amine in-planedeforniations(none at I 125 cm.- '),and another differ- 
ence is found in the higher freqiiencyaromaticether band(l21 5cm.-') 
when a comparison is made with the corresponding dimethoxy- 


1854 Journal of Pharmaceutical Sciences 







amphetamine absorptions. These discrepancies may be attributed 
to the Occurrence of the hydroxyl group close to  the aromatic 
nucleus and its ether substituent in the 2-position. 


Other features of note are the presence in the hydrobromide and 
hydrochloride spectra of absorptions a t  2950 and 1980 cm-1, 
indicating the presence of a primary amine group and the absence of 
the 1370-cm.-l band, which is due to  C-CH3 symmetrical bending 
and which is commonly used in differentiating amphetamines from 
phenethylamines (4-6). 


Mass Spectral Analysis-The fragmentation of 2,5-dimethoxy- 
amphetamine follows the pattern postulated for other methoxylated 
amphetamine derivatives: 3,4,5-trimethoxyphenylethylamine (mes- 
caline) and 2,5-dimethoxy-4-methylamphetamine (7). 


The parent peak, m/e 195 (Fig. 3), is readily identifiable but is 
only 8.5 of the base peak, m/e 152. A possible mechanism for the 
formation of the base peak is seen in pathway 1 (Scheme I). The 
molecular ion loses a methyl radical, forming the m/e 180 peak with 
a subsequent loss of carbon monoxide giving rise to the m/e 152 
fragment. Fragmentation such as this is characteristic of methoxy- 
phenyl compounds (8). The m/e 152 fragment could also arise by 
elimination of 43 mass units as the neutral fragment, NH=CH- 
CH,, as postulated by Bellman (9) (pathway 2, Scheme I). 


The formation of m/e 108, pathway 3, from m/e 152 in pathway 1 
might arise by rearrangement with a loss of a hydrogen radical 
forming m/r 151, followed by a loss of 43 mass units as in pathway 2. 
The m/e 108 fragment could also arise from the nz/e 152 fragment in 
pathway 2 by a loss of a methyl forming m/e 137 and a rearrange- 
ment with the loss of hydrogen. 


The formation of m/e 78 and 65, pathway 4, occurs by accepted 
modes of fragmentation (8). 


The formation of the m/e 44 peak follows a process that is charac- 
teristic of primary amines with elimination of the most stable 
radical (81, pathway 5 .  


GC-The 2,5-dimethoxyamphetamine free base was purified by 
G C  and subsequently used for IR  and NMR analyses. During 
these purification procedures, certain anomalies were found. 


Figure 4a shows that extraction of the 2,5-dimethoxyamphet- 
amine salt at  pH 8.5 with bicarbonate gives a single peak from the 
gas chromatograph; analysis of this peak using combined GC- 
mass spectroscopy shows it to be pure 2,5-dimethoxyamphetamine. 
Other conditions change the GC patterns in unpredictable ways. 
Figure 4b illustrates this by showing the chromatographic pattern 
after extraction of the 2,5-dimethoxyamphetamine salt with am- 
monium hydroxide solution. Peak 1 was identified as 2,5-dimethoxy- 
amphetamine, and preliminary mass spectroscopic analysis of 
peaks 2 and 3 showed that they probably have molecular weights of 
235 and 329, respectively. 


NMR Analysis--The NMR spectrum of the salt, as received, is 
shown in Fig. 5u. The extreme solubility of the salt in CDCI, makes 
i t  readily suitable for direct analysis. 


The methyl group is seen as a doublet a t  6 1.52 and 1.40, while the 
CH and CH2 groups are indistinguishable as a broad multiplet 
between 6 3.14 and 2.97. The aromatic protons are easily distin- 
guishable. One would expect two different types of protons. The 3 
and 4 protons on the ring are seen as a singlet at  6 6.78, while the 
number 6 proton is seen a t  6 6.76. The two methoxyl groups on the 
aromatic ring are seen as singlets a t  6 3.81 and 3.73. The ammonium 
group is seen as a broad peak around 6 8.00. The NMR spectrum 


of the free base (Fig. 56) was also made in CDCl,, with tetramethyl- 
silane as the internal reference. 


The methyl group is seen as a doublet a t  6 1.06 and 1.15. The 
C H  and CH2 groups are seen as a broad multiplet between 6 2.52 
and 2.69. The methoxyl groups are seen as a singlet a t  6 3.74. The 
three aromatic protons are also seen as a singlet a t  6 6.73. The in- 
tegration substantiates that the six methoxyl protons and the three 
aromatic protons occur as singlets. The amino group is seen as a 
broad peak a t  about 6 2.07. This is substantiated by the fact that 
it disappears after shaking the sample with deuterated water. 


It is clear that, using NMR, the salt of the amphetamine is re- 
quired for identification purposes since the free base does not give 
the resolution required to  distinguish all of the protons, especially 
the methoxyl and aromatic protons. 


SUMMARY 


The identification of the hallucinogenic compound 2,5-dime- 
thoxyamphetamine in illicit seizures was described utilizing IR, 
NMR, and mass spectroscopic techniques. 


Problems do arise in the interpretation of the IR spectra of the 
compound. In this regard, evidence was presented which shows that 
there are a t  least three different spectral types without the knowledge 
of which the identification might be missed. Their occurrence, how- 
ever, cannot be predicted. 


Other parameters that aided in the identification of dimethoxy- 
amphetamine were discussed. 
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Scheme III 


plausible involvement of mescaloxylic acid (TX) in  the 
biogenesis of N-methylmescaline is being considered. In 
both of these cases, the decarboxylation of the acids IX 
and X is an essential step. Finally, we are also currently 
evaluating the biological activity of the reported new 
compounds. 
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REVIEWS 


Dispensing of Medication, 7th ed. (Formerly 
Dispensing). Edited by E. W. MARTIN. 
20th and Northampton Sts., Easton, PA 
18.5 X 26cm. PriceS19.00. 


Husa’s Pharmaceutical 
Mack Publishing Co., 
18042, 1971. 1223 pp. 


The editor’s intent is clearly stated in the Preface: “.  . .this new 
edition has directed its emphasis toward the new concept of clin- 
ical pharmacy as it relates to every pharmacist whether he serves in a 
community or hospital practice, in governmental or private prac- 
tice, in an extended care facility, a community health center, or 
some other environment where he works closely with both physicians 
and patients.” Let us pause for a minute to consider the Promise 
of the Preface and ask ourselves what is t o  be expected from such 
a textbook. First of all, since clinical pharmacy is the goal, one 
would expect an in-depth exploration of this shadowy concept. 


Furthermore, one might expect a detailed description of the various 
drug distribution systems (including automated dispensing) as 
they apply to  community pharmacies, institutional pharmacies, 
and extended care facilities. Additionally, a how-to-do-it discussion 
of extemporaneous sterile technique (including i.v. additives) would 
appear t o  be appropriate. Patient medication profiles are here to  
stay, and thus one might expect a t  least a chapter on the various 
types, their utilization, and some evaluation of the various designs. 
The list of potential in-deprh topics is long (c .K. ,  the various auto- 
mated or computerized information systems, third-party payment, 
novel methods of receiving compensation) but let us end it here and 
crack open the book to see what it contains. 


The Table of Contents is not encouraging. At first glance, it 
looks like a traditional dispensing textbook, a potpourri of the 
various pharmaceutical sciences (physical pharmacy, pharmaceutics, 
pharmaceutical technology, m.), But no, there are a few new chap- 
ters which did not appear in the previous edition: Hospital Phar- 
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macy, Drug Information Sources, Poison Control, Radiophar- 
maceuticals, Plastics and Medication (Plastics and Medication ?). 
We’re into it now, reading it page by page (my tongue runs dry on 
page 1053). . .it’s over, we sit back to consider. What was that 
Promise of the Preface’? “Emphasis toward the new concept of 
clinical practice”’? Where’! I must have missed it. And then (with 
few exceptions) it is painfully clear that I did not miss it, it is 
missing. Once again the pharmaceutical sciences with all their 
glorious graphs and equations have reigned supreme. Once again 
the student or the practitioner is carried into the ad nauseum de- 
tails of the kinetics of solution, the trivia of comminution, the 
despair of the soft gelatin capsule machine, the whimper of the 
dying mesophilic anaerobic spore former. Indeed the majority of 
the chapters satisfy more the needs of the mediocre pharmaceutical 
scientist (or manufacturer) than the clinical pharmacist. Even the 
priorities appear to have gone awry. Patient medication profiles 
are mentioned briefly, drug distribution systems are given only a 
few pages, and how-to-do-it information is almost totally absent. 
A grand total of 99 pages is devoted to  hospital and community 
pharmacy, whereas Plastics gets 64 pages and Incompatibilities 
gets 108. 


Perhaps most distressing of all are some of the chapters devoted 
to dispensing and the functions of the pharmacist. One wonders 
where some of the authors have been for the last several years. For 
example, one author suggests that the pharmacist should enthusi- 
astically endorse the medications dispensed so that even inefficacious 
medications will have a placebo effect. He ignores (or perhaps has 
not considered) the fact that in so doing the pharmacist is aiding 
and abetting shoddy prescribing habits and contributing to  the 
nation’s drug abuse problems-a role somewhat inconsistent with 
his or her obligations to the patient. The same author goes on t o  
state that the “confidence of the physician in a specific course of 
treatment may greatly contribute to the therapeutic benefits, and 
the pharmacist must therefore be careful in his comments to  the 
physician regarding such matters.” Musn’t tamper with that su- 
preme confidence of the physician which enables him to prescribe 
lousy medication. Such statements as these in  a textbook which 
promised to explore the new directions of clinical practice make one 
take pause. Another author states that “(information on drugs) is 
to be given to professional men and (is) never (to be) used for the 
purpose of ‘counter prescribing’ by the pharmacist, or to  encourage 
self medication.” In an age when the American public avidly awaits 
the next drug article in Ladies’ Home Journal, and gluts itself on 
inefficacious T.V.-pushed OTC drugs the pharmacist is advised not 
to discuss drugs with his patients, or to use the information for 
“counter prescribing” (dirty, dirty word). 


Where did you go, you “Promise of the Preface”? 
In brief, Dispensing of Medication differs little from traditional 


dispensing texts which attempt to bite off too much. Its chapters 
range from excellent to trash. The vast majority of the topics 
(worth printing) should more suitably appear in other texts devoted 
to pharmaceutics, physical pharmacy, or pharmaceutical tech- 
nology. 


Reviewed by Robert L. Day 
Associate Dean for Professional Affairs 
University of California School of Pharmacy 
Sail Fraircisco, CA 94122 


Search for New Drugs, Volume 6, Medicinal Research Series. Edited 
by ALAN A. RUBIN. Marcel Dekker, Inc., 95 Madison Ave., 
NewYork,NY 10016,1972.x+452pp. 16X24cm.  PriceS19.50. 
After exhausting available means to achieve a specific goal, it is 


appropriate to recall certain cliches such as “back to the drawing 
board” or “step back and take another look.” The contributors to 
this sixth volume of a series have “stepped back” and sketched a 
broad overview of certain familiar fields in which clinical progress 
has been slow. While there are leading references to original re- 
search articles as well as to reviews and summaries, the monograph 
is not intended to serve as a fully documented survey of research. 
As stated in the preface, “lts central theme defines areas of method- 


ological and conceptual importance intended to assist investigators 
in their search for new drugs.” 


The first three chapters, which occupy half of the book, deal with 
the familiar fields: anti-inflammatory, antipeptic ulcer, and psy- 
chotropic drugs. In general, each of these chapters begins with a 
discussion of the clinical aspects of the disease and the available 
drug therapy. Then follows a cursory view of the methodology 
utilized in the evaluation of new drugs. The etiological factors in 
the disease are viewed as essential prerequisites to a rational ap- 
proach to  drug treatment and prevention. The chapter ends on a 
note of future needs and drug designs. 


The next four chapters deal with areas that appear to be on the 
threshold of new drug development: drugs affecting 8-adrenergic 
receptors, drugs affecting atherosclerosis, the interferon system, 
and antithrombotic and thrombolytic drugs. Here, past discoveries 
are related to current work and hopes oft he future. 


The last two chapters summarize currmt developments and offer 
suggestions of future potential in the re\atively new fields of aging 
and memory. 


The book should find an interested audience among medicinal 
chemists and pharmacologists. 


Reoiewed by C.  M. Darling 
School ofPharmacy 
Auburn University 
Auburn, AL 36830 I 


Legal Medicine Annual: 1971. Edited by CYRIL H. WECHT. Ap- 
pleton-Century Crofts, 440 Park Ave. South, New York, NY 
10016,1971. xii + 480 pp. 17 X 24 cm. 
The third volume in this series contains 22 chapters on relevant 


medical-legal subjects. Topics discussrd in this volume include 
forensic pathology, medical malpractice, forensic psychiatry, 
medical-legal education and research, environmental controls, 
drug abuse, legal ramifications in the clinical practice of medicine, 
and criminalistics. 


Staff Review W 


NOTICES 


Einfuhrung in die Verfahrenstechiiik der Arzireifermung. By FRITZ 
GSTIRNER. Wissenschaftliche Verlagsgesellschaft MBH, Stuttgart, 
Germany, 1972. xi + 425 pp. 16.5 X 24 cm. Price DM 78.-. 
(German) 


Drogenkunde fur Pharmazeu1isch-Technische Assistenten und 
Apotheker-Praktikanren. By MANNI’RIED PAHMW. Deutscher 
Apotheker-Verlag, Stuttgart, Germany, 1971. 95 pp. 16.5 X 24 
cm. Price D M  14.80. (German) 


Histochemislry of Nercous Transmission. Volume 34, Progress in 
Brain Research Series. By E. D. ERANKO. American Elsevier 
Publishing Co., 52 Vanderbilt Ave., New York, NY 10017, 1971. 
xv + 525 pp. 18.5 X 26.0 cm. Price $48.50. 


The Cobdamins ( A  GIaxo Symposium). Edited by H. R. V. ARN- 
STEIN and R. J. WRIGHTON. Williams & Wilkins, Baltimore, MD 
21202,1971. x + 208 pp. 14.5 X 23 cm. Price S12.50. 


Cellular Biology and Toxicity of Anesthetics. Edited by B. R. FINK. 
Williams & Wilkins, Baltimore, M D  21202, 1972. xiii + 328 pp. 
14.5 X 23.5 cm. Price $20.50. 


Simplified Circuit Analysis. By R. D. SACKS and H. B. MARK, JR. 
Marcel Dekker, Inc., 95 Madison Ave., New York, NY 10016, 
1972. 166pp. 15 X 23cm. PriceS6.50. 


Anatomy of the Monocotyledons, Volume VI. Dioscoreales. By E. S .  
AYENSU. Oxford University Press, 200 Madison Ave., New York, 
NY 10016, 1972. 182 pp. 15 X 23.7 cm. Price $20.50. 
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A Molecular Theory of Sweet Taste 


LEMONT B. KIER 


DISCUSSION 
Abstract 0 A study of several stereoselectively sweet amino acid 
molecules has led to a prediction of the presence and approximate 
location of a third structural feature, relative to the currently pos- 
tulated A-H/B features in the glucophore. An examination of 
several unrelated sweet molecules supports this glucophore hy- 
pothesis. A relationship between a polarizability parameter and 
sweetness level in a series of substituted nitroanilines leads to the 
hypothesis that this third binding site may be involved in dispersion 
bonding with an appropriate receptor feature. 


Keyphrases 0 Sweetness of molecules-molecular theory, three 
structural features 0 Molecular theory of sweetness-structural 
features, relationship between polarizability parameter and sweet- 
ness level 0 Amino acids-prediction of sweetness, molecular 
features Structure of molecules-prediction of sweetness 0 
Glucophores-prediction of sweetness, three structural features 


A description of the molecular features imparting a 
sweet taste to a molecule has been sought for many years 
(1-4). A large number of molecules have been tested for 
this property in an effort to  deduce structure-activity 
relationships. With the advent of low calorie foods, 
artificial sweetening agents have taken on significant 
commercial interest, leading to  the marketing of large 
quantities of potent compounds. The discovery that the 
leading sweetening agents cyclamic acid and saccharin 
may induce carcinoma has jeopardized their place in 
commerce, creating a high demand for a safe sweeten- 
ing agent. 


0 


&NH-,AH S 


OJ l 0  B 


OH 


HO AH 
p - ~ - f r u c t o s e  chloroform sacchar in  


0 
\S’ 


AH B 0 


R-C-C=C-R O r  I w N < H h > B  


H H H  AH 
unsaturated alcohols cyc lamic  


acid 
R-0 


2 -amino-4 -nitrobenzenes alanine 


Scheme I-Various sweet molecules showing the A-H and B struc- 
tiircilfiatures inrohed cited by Sliallenberger atid Arree (5 )  


A theory on structural features responsible for sweet taste was 
proposed by Shallenberger and Acree in 1967 (5). They defined a 
basic structural unit common to sweet molecules. The unit was con- 
cluded to be an electronegative atom B and a polarized system A- 
H. The A-B distance was found to be 2.5-4.0 A in sweet molecules. 
In sweet sugar glycols, for example, it was found that a vicinal pair 
of hydroxyl units was gauche while in nonsweet sugars, eclipsed or 
rruns-glycol pairings were present. This observation is consistent 
with the A-H distance of 2.5-4.0 A. An examination of a wide 
variety of sweet molecules illustrates the theory (Scheme I), and led 
Shallenberger and Acree (5) to postulate a general theory of recep- 
tor interaction involving features A-H and Bin the sweet molecule 
(Scheme 11). 


It appears evident from a number of independent studies that 
a third binding site in a molecule is necessary for a potent sweet 
taste response. Thus, Deutsch and Hansch (6) concluded that a 
hydrophobic bonding area is necessary in a series of potent sweet 
compounds based on a substituent effect correlation. The observa- 
tion that some D-isomers of amino acids are sweet while the L-isomers 
are not indicates a stereoselective receptor and, hence, at least three 
potential binding sites on the molecule (7). The identification of this 
third binding site and some information on its nature would provide 
a rationale for the design of new potentially useful sweet agents (8). 


The definition of pharmacophores for various pharmacological 
activities has been of interest for some time. The approach has been 
to predict the molecular conformation of chemically different but 
pharmacologically equivalent molecules using theoretical chemical 
methods (9). When consideration of the molecules in their preferred 
conformations revealed a common pattern of similar charged atoms 
or groups, it was postulated that this pattern is relevant to receptor 
features and, accordingly, this pattern as a pharmacophore was 
proposed. In this way, Kier and his coworkers predicted the phar- 
macophores for muscarinic, nicotinic, histamine-H1 and histamine- 
Hz, serotonin, a-adrenergic (9), 0-adrenergic (lo), and y-amino- 
butyric acid (1 l ) ,  among others. 


The studies on sweet molecules began with the molecular orbital 
prediction of the conformation of D-tryptophan, reported by Solms 
(7) to be 35 times the sweetness of sucrose. The molecule is of par- 
ticular interest since the L-form is without any sweet taste; hence, a 
stereoselectivity is exhibited. It was the intent to consider this and 
other stereoselective sweet molecules in an attempt to find a com- 
mon third binding feature. Extended Hiickel theory calculations (12) 
were employed using parameters and dimensions previously used in 
amino acid residue conformation studies (13-15). The results are 
illustrated in Scheme 111. The D-amino acids histidine and phenyl- 
alanine, also reported to be stereoselectively sweet but of a lower 
degree than D-tryptophan (Table I), were then considered. 


An examination of these three amino acid zwitterions reveals that 
theoretical calculations predict a common conformational prefer- 
ence for the NH,-CH-COO moiety. Furthermore, the N to 0 
atom distance is predicted to be 2.6 A, agreeing with the A-B di- 


YA-H-- -~ -4  


Scheme 11-Postulated interactioti of molecular sweet feature and 
receptor, according to Sliulletiberger and Acree ( 5 )  
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Table I-Amino Acid Sweetness Relative to Sucrosee 


-Taste (Times Sucrose)- 
Amino Acid L-Isomer D-Isomer 


t ryptophan 


H @4f co, 
H 


hist idine 


0 


C &* 
0 


zwi t t e r ion  


H 
phenylalanine 


H 
l euc ine  


C 


H 
r i n g  chain 


Scheme Ill-Calculated preferred conformations of tryptoj ... in, 
pheti ylulanine, histidine, atid (eucitie z witteriotis. 


mension postulated by Shallenberger and Acree ( 5 )  t o  be a necessary 
condition for sweetness. If one relates an N-H group to the A-H 
feature and an 0 atom to the B feature in the hypothesis of Shallen- 
berger and Acree, one then can offer an explanation of the sweet 
characteristics of these three amino acids. 


A search for a common third binding site in these three molecules 
reveals a ring position in each side chain to be superimposable when 
the NHB-CH-COO moiety is held in a common position. These 
common positions are illustrated in Scheme IV. Chemically, these 
three ring positions are electron rich. The 2-position in indole and 
related compounds was implicated as a localized T-T charge-trans- 
fer donor (16), a concept more recently supported by molecular 
orbital calculations (17) and NMR evidence (18). The ortho-position 
in the phenyl ring was also shown to have a high potential for 
localized charge transfer or susceptibility to electrophilic attack (19, 
20). Finally, the position of the imidazole ring, designated in Scheme 
IV, was shown to be the most electron rich of the ring carbons (21). 


It appeared evident from this preliminary consideration that a 
common third site in these three sweet molecules involved an elec- 
tron-rich position capable of undergoing electrophilic attack, en- 
gaging in localized charge transfer, or capable of participating in 
some type of bonding involving the electron component such as a 
dispersion interaction. 


This latter idea gained some support when the calculation of the 
preferred conformation of the moderately sweet D-leucine (Scheme 
IV) revealed that a methyl group of the side chain prefers a relation- 
ship to the NH3-CH-COO moiety identical to that just described. 
This finding suggests that the third binding site of sweet molecules 
may be involved in a dispersion bonding at  the receptor. The methyl 
group would be a weak participant in this type of bonding; hence, 
its weaker activity than the other D-amino acids might thus be ex- 
plained. 


At this point, a provisional hypothesis of molecular features im- 
parting a sweet taste may be constructed. A necessary structural 


Scheme IV-D-Amitlo acid side-chain features ,found to occ~rpy a 
common spectial area when the NH3-CH-COO moiety of each 


(Scheme I I I )  is held in a common positiori 


Tryptophan 
Phenylalanine 
Histidine 
Tyrosine 
Leucine 
Alanine 
Glycine 
Arginine 
Aspartic acid 
Isoleucine 
Lysine 
Proline 
Serine 
Threonine 
Valine 
Cysteine 
Glutamic acid 
Methionine 


~ ~~ ~~ 


Bitter Sweet (35X) 
Bitter Sweet (7X)  
Bitter Sweet (7 X)  
Bitter Sweet (6X)  
Bitter Sweet (4X) 
Sweet (1.5X) Bitter 
Sweet (1.5X) Sweet (1.5X) 
Flat Slightly sweet 
Flat Flat 
Flat Flat 
Flat Flat 
Flat Flat 
Flat 
Flat 
Flat 
Sulfurous 
Unique 
Sulfurous 


Flat 
Flat 
Flat 
Sulfurous 


Sulfurous 
- 


a Reference 7. 


feature certainly appears to be the A-H/B system proposed by 
Shallenberger and Acree (5).  In our view, the A-H feature is better 
defined as a polarized bond rather than a particularly labile or acidic 
hydrogen. This is supported by the calculations of the amino acids 
shown in Scheme IV. In addition, the calculations point to a com- 
mon third structural feature capable of charge transfer or dispersion 
bonding. Its position relative to the A-H/B system is shown in 
Scheme V. 


A preliminary test of this proposed structural pattern or gluco- 
phore can be made by considering the amino acid isomers in Table 
I. One finds a low level of sweetness comparable to glucose in the 
case of L-alanine, glycine, and D-arginine. It is conceivable that the 
A-H/B system in these molecules is sufficient to impart a basal 
level of sweetness of the same order of magnitude as sucrose. The 
other amino acid isomers are all nonsweet. This may be explained 
in two ways. In the case of D- or L-lysine, L-arginine, cysteine, me- 
thionine, serine, or the acids, the presence of a nonhydrocarbon func- 
tional group in the side chain deters the molecule from proper orien- 
tation at  all three receptor sites postulated in Scheme V. The remain- 
ing nonsweet amino acids in Table I may be so because they do not 
have a side-chain atom or group remote enough from the amino 
acid backbone to occupy the proposed third receptor site. 


This provisional test of the hypothesis is encouraging; however, 
it would be premature to accept it without a detailed examination of 
a larger group of known sweet compounds. Accordingly, the author 
searched for this third binding site in the currently identified prom- 
inently sweet molecules (Scheme VI). The five molecules depicted 
here constitute the most potent sweet molecules, ranging from 500 
to 4000 times the sweetness of sucrose. They are also compounds 
for which a reasonable estimate of the preferred conformation can 


Table 11-Log Relative Sweetness uersw Hansch’s T ,  


and Group Polarizabilities 


R z an i r h  


OCHzCHzCH3 6.653 0 . 9 8  
OCH*CH=CHt 6.458 - 


I 5 .57  1 .20  
0.48 OCHzCH3 4 .868  


O(CH2)3CHae (8.438) 
0 .86  Br 3 .64  


OCH(CH3)ze (6.653) 
C1 2 .53  0.71 
OCH3 3.08 -0.02 
CH, 2 .44  0 .56  


0.705 0 .14  F 
H 0 .655  


- 


- 


- 


Log RS“ 


3.613 
3.301 
3.097 
2.978 
3.000 
2.903 
2.778 
2.602 
2.342 


1.502 
- 


- 


Log RSd 


3,699 


3.097 
3.146 


2.903 


2.602 
2.519 
2.519 
1.602 
1.602 


- 


- 


- 


~~ 


a Values from J.  L .  Webb, “Enzyme and Metabolic Inhibitors,” 
vol. 1, Academic, New York, N. Y., 1963, p. 220. *Reference 6. 
c Verkade, Van Kijk, and Meerburg, Rec. Trau. Chim. Pays-Bas, 50,346 
(1946). d J. J .  Blanksm,aand D.Hoegen, Rec. Trau. Chi??., 65,  333(1946). 
c These data are not included in regresslon analysis discussed in text. 
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Scheme V-Pattern 0.f atoms imparting a sweet taste (glucophore), 
postulated from tliis study 


be made. Missing from this list is the dipeptide aspartylphenylala- 
nine methyl ester (22). At this time, a reasonable conformation for 
the complete dipeptide molecule cannot be proposed. 


The molecules in Scheme VI reveal a recurring pattern of A-H/B 
and a common third binding site. This pattern conforms very well 
to the hypothesized glucophore in Scheme V. The diverse nature of 
the hypothesized third binding site appears to implicate a dispersion 
bonding interaction of this position or this region with a receptor 
feature. 


Further support for the idea of a dispersion bonding at the postu- 
lated third site in the glucophore comes from Deutsch and Hansch’s 
(6) consideration of the substituted nitroanilines (Table 11). They 
found a codependence of sweetness on the Hammett constant and the 
hydrophobicity constant. In this case, one may reinterpret the hydro- 
phobicity constant as paralleling the polarizability of the group 


cyclamic acid 
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O”C\CH2 I 
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O C K  
neohesperidine 
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Scheme Vl-ldtntity of third structural feature comprising the 
postuluted glucopliore (Scheme V )  in several sweet nzolecules 


or, more generally, as roughly paralleling the potential ability for a 
dispersion interaction. 


A superior relationship can be found between relative sweetness in 
the nitroaniline series and a summation of bond polarizabilities 
(Table 11). The correlation coefficient relating 2:cu with Blanksma’s 
sweetness data is r = 0.968, with the standard deviation of S = 
0.1853. The situation is similar when comparison is made with 
Verkade’s data where r = 0.950 and S = 0.2205. This is the first 
example of a biological effect correlating in a significant way with a 
single parameter reflecting dispersion bonding. 


The group polarizability value here reflects the potential of the 
group to engage in a dispersion bond but, of course, does not con- 
sider optimum distances or the structure of the interacting receptor 
feature. The apparent importance of the shape of the structural fea- 
ture in this position is illustrated in Table I1 in the case of the 
O(CH,),CH, and OCH(CH& derivatives. These moieties have a 
high polarizability but their extended or branched character must 
deny the molecule optimum interaction with the receptor; hence, the 
two derivatives have a depressed level of sweetness. 


The relationship just described for the nitroanilines supports the 
hypothesis of the glucophore (Scheme V) and the idea that the third 
binding site is a region in the molecule capable of undergoing dis- 
persion bonding at a receptor. The dimensions shown in Scheme V 
then are to be interpreted as distances from the A and B features to 
the initial atom of a chain of atoms probably involved in this bond, 


The utility of this hypothesis is obvious. The receptor equivalents 
for the A and B features are illustrated in Scheme VI. The receptor 
equivalents, approximated physical characteristics, and ranking of 
receptor-active third site structural features are evident from Table 
11. Hopefully, the design of new potent sweet molecules can be stimu- 
lated by this hypothesis. 


EXPERIMENTAL 


The calculations of the conformations of tryptophan, phenyl- 
alanine, histidine, and leucine were carried out using the extended 
Huckel theory of Hoffmann (12), using parameters previously em- 
ployed (9) and bond lengths and angles employed in amino acid 
studies (13-15). 


An alternate all-valence electron molecular orbital method is 
available. This method, known as the “complete neglect of 
differential overlap” method, employs self-consistent field forma- 
lism (23). In spite of an initially superior theoretical framework, 
the complete neglect of differential overlap method neglects differ- 
ential overlap and, hence, underestimates repulsive interactions. 
The extended Hiickel theory method exaggerates these. As a con- 
sequence, the complete neglect of differential overlap method often 
leads to the prediction of equal energies for trans- and garrclie-con- 
formations, while the extended Huckel theory method predicts a 
sharply defined energy minimum with exaggerated barriers. The 
complete neglect of differential overlap method also exaggerates 
the contribution of hydrogen bonding whenever this can occur 
in the molecule. The complete neglect of differential overlap 
method, however, is superior for charge distributions. 


In a careful analysis of the two methods, Hoyland (24) concluded 
that for the prediction of conformation only, the extended Huckel 
theory method was probably superior. In our hands, this method 
has consistently produced results in agreement with available or 
subsequently available experimental aqueous solution data (25). The 
record of complete neglect differential overlap calculations on these 
same molecules has not been as good. As a consequence, we con- 
tinue to use the extended Huckel theory method with the belief that 
it is the best available semiempirical molecular orbital method to 
predict conformation of large molecules. 
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Sensitive Spectrophotometric Method for 
Determining Methadone in Biological Specimens 


JACK E. WALLACE*., HORACE E. HAMILTON*, JAMES T. PAYTEt, and KENNETH BLUMl 


Abstract 0 The extensive use of methadone for the treatment of 
opiate addiction increases significantly the need for quantitative 
determination of methadone in urine and tissues. Existing spectro- 
photometric methods are limited in sensitivity by the low molar 
absorptivity of this compound (E = 554 in 0.1 N HCl, X = 292 nm.). 
Results demonstrate that a markedly enhanced sensitivity may be 
achieved by oxidizing the methadone to benzophenone (E = 18,713 
in n-heptane, h = 247 nm.). Methadone is extracted into ri-hexane 
at  an alkaline pH and then back-extracted into dilute sulfuric acid. 
Refluxing the acid solution with barium peroxide and n-heptane 
oxidizes the methadone to benzophenone, which is immediately 
extracted into the heptane. The heptane layer is removed and 
washed, and the benzophenone is measured spectrophotometrically. 
The method is sufficiently sensitive to quantitate therapeutic levels 
of methadone in small volumes of urine. 


Key phrases Methadone in biological specimens-liquid-liquid 
extraction, barium peroxide-sulfuric acid oxidation, UV analysis 0 
Barium peroxide-sulfuric acid oxidation-analysis of methadone 0 
Benzophenone-UV analysis as methadone oxidation product 0 
UV spectrophotonietry-analysis, methadone uio oxidation to 
benzophenone 


Methadone is an antitussive and analgesic agent (1, 
2). In recent years, it has been used effectively as a 
treatment for narcotic abstinence syndromes (2-4). 
Several investigators claimed that the methadone 
maintenence program is the preferred treatment for 
heroin dependence and reported up to  75% success in 
achieving sustained rehabilitation (4). 


It is apparent that opportunities for abuse of metha- 
done will increase as methadone maintenance programs 
grow in popularity and number. Gardner (5) reported 
that the number of deaths resulting from methadone 
overdose has increased significantly since 1965, the 


year the maintenance programs were introduced ( 3 ) .  
Baden (6),  describing a number of deaths resulting 
from methadone abuse, observed that individuals have 
obtained large amounts of the drug by enrolling in 
several programs simultaneously. The increased use of 
methadone enhances the requirement for its quantitative 
determination in urine or tissue. 


Spectrophotometric methods are available (7, 8), but 
sensitivity is less than satisfactory. GC and polaro- 
graphic methods have been described (9-1 1); however, 
the degree of technical proficiency required to analyze 
methadone by these methods makes them unacceptable 
to many laboratories. This report describes a sensitive 
spectrophotometric method for determining methadone 
in biological specimens. Analysis is based upon oxida- 
tion of methadone to benzophenone, a compound that 
has a much greater molar absorptivity for UV radiations 
than does methadone. 


EXPERIMENTAL 


Reagents-Methadone hydrochloride USP2, in appropriate 
amounts, was dissolved in deionized water. Concentrated sulfuric 
acid3 was diluted with water t o  obtain a 4.7 M solution. Barium 


‘A Staco variable autotransformer, Type 2PF1010, was used in 
conjunction with a CRC Multi-lectric Outlet, model 1035/72, to deliver, 
on the average, 57 v. to Glas-Col heating mantles. Water-cooled 400- 
mm. Allihn condensers were attached to 250-ml. flasks positioned in the 
heating mantles. Magnetic stirrers were positioned beneath the heating 
mantles to mix the reaction solution and to serve as a support for the 
entire reflux system. A Beckman DI<-2A ratio-recording spectropho- 
tometer with 10-mm. cells was utilized. (Any spectrophotometer capable 
of accurate measurements at 247 nm. is adequate.) 


* Mallinckrodt Chemical Co. 
3 Baker analytical reagent. 
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New Compounds: 
Carbamate Derivatives of Mafenide (Homosulfanilamide) 


JEROME F. SIUDA* and CAROLE D. CIHONSKI 


Abstract 0 Carbamate derivatives of the aminomethyl group in 
mafenide (homosulfanilamide) were synthesized as potential anti- 
bacterial agents. None of the new compounds was active in anti- 
microbial or antiviral screening. 


Keyphrases 0 Homosulfanilamide-carbamate derivatives syn- 
thesized as possible antibacterial agents 0 Carbamates, derivatives 
of mafenide-synthesized as possible antibacterial agents 0 Anti- 
bacterial agents, potential-synthesis of carbamate derivatives of 
mafenide 0 Mafenide-carbamate derivatives synthesized as pos- 
sible antibacterial agents 


Homosulfanilamide' (I) is an antibiotic used in the 
treatment of slow-healing wounds (1, 2 )  and also for 
infections of the ear, nose, and throat (3). Unlike most 
sulfonamides, homosulfanilamide is not antagonized by 
p-aminobenzoic acid, indicating that its mechanism of 
action differs from that of compounds of the sulfanil- 
amide type. 


Table I-Carbamate Derivations of Homosulfanilamide 


appeared to be the best potential therapeutic agent in 
viuo, since the compound was the most readily absorbed 
and then deacylated. The possibility thus exists that 
free homosulfanilamide may be released in therapeutic 
concentrations greater than usual if and when cleavage 
of the protecting group occurs. Because carbamates are 
generally more readily hydrolyzed than amides, a series 
of derivatives (IIa-d) of homosulfanilamide was syn- 
thesized (Table I) in which the aminomethyl group was 
protected, with the objective of achieving reduced 
metabolism and greater therapeutic effectiveness. 


None of the new compounds demonstrated activity 
in a tissue culture antiviral screen. Furthermore, no 
activity was observed in a broad spectrum antimicrobial 
test. Based on these results, in uiuo testing was not 
performed. 


EXPERIMENTALz 


All carbamates in Table I were prepared by condensation of I 
with the appropriate chloroformate at an initial pH of -8.5. All 


~~~~~~~~~ ~ ~ 


Yield, -- Analysis, %--- 
Compound R Formula %" Melting Point Calc. Found 


CsHizNtOrS 44 165.5-166" C; 44.26 44.39 
H 4.92 4.93 


IIa CHI 
M 11.47 11.43 


IIb CHZCH, CioHiJ'bOaS 43 144.5-145" C 46.51 46.57 
I-I 5.43 5.43 


10.81 N 10.85 
I I C  CHzCaHs ci 6H16Nz08 64 160-160.5" C 56.25 56.26 


5.04 H 5.00 
Y 8.75 8.69 


IId CaHs CiaHiiNz04S 69 203-204 ' C 54.90 54.67 
H 4.57 4.57 
N 9.15 9.13 


a Crude product. 


Although effective topically, homosulfanilamide is 
ineffective orally or parenterally, apparently due to the 
rapid oxidation of the drug by M A 0  to the inactive 
metabolite p-carboxybenzenesulfonamide (4). To pre- 
serve or prolong antibacterial activity, Hartles and 
Williams ( 5 )  protected the aminomethyl function with 
acyl groups which could be metabolically hydrolyzed to 
the active homosulfanilamide. The amido derivatives 
demonstrated only slight or no activity both in vitro and 
in uivo. Of the derivatives evaluated, theN-butyryl analog 


H?ZIOS+ CH,NH, 


I 


1 Official USAN name is mafenide. 
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purified compounds gave one spot on TLC. I R ,  NMR, and mass 
spectra for all compounds were as expected. 


To an erlenmeyer flask containing sodium bicarbonate (0.2 mole, 
16.8 g.) in about 300 ml. of water was added homosulfanilamide 
hydrochloride (0.1 mole, 22.5 g.). 'To this solution was added drop- 
wise the appropriate chloroformate (0.1 male) over 1 hr. During 
this addition period, constant agitation and a slow increase of 
temperature (to about 50") were provided by an ultrasonicator. 
The reaction mixture was cooled and filtered; the product was 
washed once with 5z hydrochloric acid, with water until neutral, 
and several times with chloroforrn and was then dried in a vacuum 
desiccator containing anhydrous calcium sulfate3. Compounds IIa-c 
were recrystallized from acetone-benzene (1 :3), and IId was 
recrystallized from ethanol. Usually two or three crystallizations 
provided an analytical sample. 


2 Melting points were taken on a Thomas-Hoover apparatus and are 
corrected. Elemental analyses were performed by Spang Microanalytical 
Laboratories, Ann Arbor, Mich. 


3 Drierite. 
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Inhibited Dissolution of Drug Crystals by 
Certified Water-Soluble Dyes: In V i m  Effect 


Keyphrases Sulfathiazole dissolution-itr cico inhibition by 
water-soluble dye, man 0 Dissolution, sulfathiazole--it1 ritio 
inhibition by water-soluble dye, man 0 Dyes, water soluble- 
itr cico inhibition of sulfathiazole dissolution, man 


Sir: 


In previous articles, Piccolo and Tawashi (1-4) es- 
tablished the inhibitory effect of low concentrations of 
various water-soluble dyes on the dissolution rate of 
crystalline drugs. The effect of the degree of under- 
saturation, the effect of the nature of the dye, and the 
dependence of the dissolution rate on the dye concen- 
tration in powder systems were confirmed. The re- 
sults obtained were discussed in  the light of preferential 
adsorption of the dye molecules on the primary dissolu- 
tion sources of the crystal surface. Further experiments 
were conducted to determine the influence of F D & C  
Blue No. I on the solubilizing effect by 0.04 M sodium 
cholate, using the sulfathiazole single crystal as a model 
substance. The data obtained showed that a concentra- 
tion of only 5 mcg./ml. of the dye inhibited the dissolu- 
tion rate to a value very close to that in  distilled water 
(3). Since dissolution rate is often a rate-limiting step 
in the absorption of drugs with low aqueous solubility, 


and since micellar solubilization by bile salts plays an 
important role i n  the intestinal absorption of these 
drugs, the results obtained with certified water-soluble 
dyes are extemely interesting i n  relation to the drug ab- 
sorption process. The present study was undertaken to 
examine the effect of F D & C  Blue No. 1 on the absorp- 
tion rate of sulfathiazole in man. Sulfdthiazole Form I 
and F D & C  Blue No. 1 were selected because they 
were tested in uitro previously (1 ,3) .  


Three healthy young adult male human subjects were 
used in this study. One gram of sulfathiazole Form I 
crystals, 40 mesh USP, was suspended in 200 ml. of 
water and administered to each subject. Blood samples 
(0.2 ml., by finger puncture) were withdrawn at 0, 0.5, 
I ,  1.5, 2, 2 .5 ,  3, 4, and 5 hr. following administration. 
After an interval of 1 week, a fresh suspension of I g. of 
sulfathiazole crystals i n  200 ml. of water containing 
10 mcg./ml. of F D & C  Blue No. 1 (total quantity of dye 
is 2 mg.) was prepared and administered. Administra- 
tion was in the morning to  subjects in  the fasting state, 
and no food was ingested until withdrawal of the last 
blood sample (5 hr.). 


The blood samples (0.2 ml.) were diluted with 3 ml. 
of distilled water and precipitated with 0.8 ml. of 20% 
trichloroacetic acid. After centrifugation, the concentra- 
tions of free sulfathiazole were determined by the 
method of Bratton and Marshall ( 5 ) ,  modified to use 2 
ml. of the clear supernate (equal to 0.05 ml. of blood), 
0.2 ml. of 1 % sodium nitrite, 0.2 ml. of 0.5 ammonium 
sulfamate, and 1 ml. of 0.05 N-(I-naphthy1)ethyl- 


Table I --Free Sulfathiazole Blood Concentrations for Three Subjects after Ingestion of 1 g. Oral Doses in the Absence and in the 
Presence of FD&C Blue No. 1 


~~~ ~~ 


_ . ~ -  _- Blood Concentrations, mg./100 ml.---- - ~ - ---- 
-------Subject A------. -- Subject B-- ----Subject C -  - - -- Mean Values-- 
Without With Without With Without With Without With 


Hours Dye DY e Dye Dye Dye Dye Dye Dye 


0 . 5  0 .285  0.116 0.381 0 .  I74 0.254 O.oo0 0.307 0 .097  
1 0.793 0.445 0.841 0.237 0.444 0 .175  0.693 0 .286  
I . 5  0.888 0.889 1.412 0 .365  0.746 0 .635  1.015 0 .630  
2 1 ,349 I ,064 1.412 0 .936  1.047 0.746 1.236 0.915 
2 .5  1.793 0 .873  1 . 1 9 0  0.984 1.206 0 .826  1.396 0 .894  
3 I .555 1.064 I .  I74 1.158 1.270 0.937 1.333 1.053 
4 1.714 1.032 I .  365 1.444 1 . 1 9 0  1.588 1.423 1.355 
5 2.418 1.127 2.016 1.571 1.254 1.635 1.896 1.444 
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macy, Drug Information Sources, Poison Control, Radiophar- 
maceuticals, Plastics and Medication (Plastics and Medication ?). 
We’re into it now, reading it page by page (my tongue runs dry on 
page 1053). . .it’s over, we sit back to consider. What was that 
Promise of the Preface’? “Emphasis toward the new concept of 
clinical practice”’? Where’! I must have missed it. And then (with 
few exceptions) it is painfully clear that I did not miss it, it is 
missing. Once again the pharmaceutical sciences with all their 
glorious graphs and equations have reigned supreme. Once again 
the student or the practitioner is carried into the ad nauseum de- 
tails of the kinetics of solution, the trivia of comminution, the 
despair of the soft gelatin capsule machine, the whimper of the 
dying mesophilic anaerobic spore former. Indeed the majority of 
the chapters satisfy more the needs of the mediocre pharmaceutical 
scientist (or manufacturer) than the clinical pharmacist. Even the 
priorities appear to have gone awry. Patient medication profiles 
are mentioned briefly, drug distribution systems are given only a 
few pages, and how-to-do-it information is almost totally absent. 
A grand total of 99 pages is devoted to  hospital and community 
pharmacy, whereas Plastics gets 64 pages and Incompatibilities 
gets 108. 


Perhaps most distressing of all are some of the chapters devoted 
to dispensing and the functions of the pharmacist. One wonders 
where some of the authors have been for the last several years. For 
example, one author suggests that the pharmacist should enthusi- 
astically endorse the medications dispensed so that even inefficacious 
medications will have a placebo effect. He ignores (or perhaps has 
not considered) the fact that in so doing the pharmacist is aiding 
and abetting shoddy prescribing habits and contributing to  the 
nation’s drug abuse problems-a role somewhat inconsistent with 
his or her obligations to the patient. The same author goes on t o  
state that the “confidence of the physician in a specific course of 
treatment may greatly contribute to the therapeutic benefits, and 
the pharmacist must therefore be careful in his comments to  the 
physician regarding such matters.” Musn’t tamper with that su- 
preme confidence of the physician which enables him to prescribe 
lousy medication. Such statements as these in  a textbook which 
promised to explore the new directions of clinical practice make one 
take pause. Another author states that “(information on drugs) is 
to be given to professional men and (is) never (to be) used for the 
purpose of ‘counter prescribing’ by the pharmacist, or to  encourage 
self medication.” In an age when the American public avidly awaits 
the next drug article in Ladies’ Home Journal, and gluts itself on 
inefficacious T.V.-pushed OTC drugs the pharmacist is advised not 
to discuss drugs with his patients, or to use the information for 
“counter prescribing” (dirty, dirty word). 


Where did you go, you “Promise of the Preface”? 
In brief, Dispensing of Medication differs little from traditional 


dispensing texts which attempt to bite off too much. Its chapters 
range from excellent to trash. The vast majority of the topics 
(worth printing) should more suitably appear in other texts devoted 
to pharmaceutics, physical pharmacy, or pharmaceutical tech- 
nology. 


Reviewed by Robert L. Day 
Associate Dean for Professional Affairs 
University of California School of Pharmacy 
Sail Fraircisco, CA 94122 


Search for New Drugs, Volume 6, Medicinal Research Series. Edited 
by ALAN A. RUBIN. Marcel Dekker, Inc., 95 Madison Ave., 
NewYork,NY 10016,1972.x+452pp. 16X24cm.  PriceS19.50. 
After exhausting available means to achieve a specific goal, it is 


appropriate to recall certain cliches such as “back to the drawing 
board” or “step back and take another look.” The contributors to 
this sixth volume of a series have “stepped back” and sketched a 
broad overview of certain familiar fields in which clinical progress 
has been slow. While there are leading references to original re- 
search articles as well as to reviews and summaries, the monograph 
is not intended to serve as a fully documented survey of research. 
As stated in the preface, “lts central theme defines areas of method- 


ological and conceptual importance intended to assist investigators 
in their search for new drugs.” 


The first three chapters, which occupy half of the book, deal with 
the familiar fields: anti-inflammatory, antipeptic ulcer, and psy- 
chotropic drugs. In general, each of these chapters begins with a 
discussion of the clinical aspects of the disease and the available 
drug therapy. Then follows a cursory view of the methodology 
utilized in the evaluation of new drugs. The etiological factors in 
the disease are viewed as essential prerequisites to a rational ap- 
proach to  drug treatment and prevention. The chapter ends on a 
note of future needs and drug designs. 


The next four chapters deal with areas that appear to be on the 
threshold of new drug development: drugs affecting 8-adrenergic 
receptors, drugs affecting atherosclerosis, the interferon system, 
and antithrombotic and thrombolytic drugs. Here, past discoveries 
are related to current work and hopes oft he future. 


The last two chapters summarize currmt developments and offer 
suggestions of future potential in the re\atively new fields of aging 
and memory. 


The book should find an interested audience among medicinal 
chemists and pharmacologists. 


Reoiewed by C.  M. Darling 
School ofPharmacy 
Auburn University 
Auburn, AL 36830 I 


Legal Medicine Annual: 1971. Edited by CYRIL H. WECHT. Ap- 
pleton-Century Crofts, 440 Park Ave. South, New York, NY 
10016,1971. xii + 480 pp. 17 X 24 cm. 
The third volume in this series contains 22 chapters on relevant 


medical-legal subjects. Topics discussrd in this volume include 
forensic pathology, medical malpractice, forensic psychiatry, 
medical-legal education and research, environmental controls, 
drug abuse, legal ramifications in the clinical practice of medicine, 
and criminalistics. 
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Einfuhrung in die Verfahrenstechiiik der Arzireifermung. By FRITZ 
GSTIRNER. Wissenschaftliche Verlagsgesellschaft MBH, Stuttgart, 
Germany, 1972. xi + 425 pp. 16.5 X 24 cm. Price DM 78.-. 
(German) 


Drogenkunde fur Pharmazeu1isch-Technische Assistenten und 
Apotheker-Praktikanren. By MANNI’RIED PAHMW. Deutscher 
Apotheker-Verlag, Stuttgart, Germany, 1971. 95 pp. 16.5 X 24 
cm. Price D M  14.80. (German) 


Histochemislry of Nercous Transmission. Volume 34, Progress in 
Brain Research Series. By E. D. ERANKO. American Elsevier 
Publishing Co., 52 Vanderbilt Ave., New York, NY 10017, 1971. 
xv + 525 pp. 18.5 X 26.0 cm. Price $48.50. 


The Cobdamins ( A  GIaxo Symposium). Edited by H. R. V. ARN- 
STEIN and R. J. WRIGHTON. Williams & Wilkins, Baltimore, MD 
21202,1971. x + 208 pp. 14.5 X 23 cm. Price S12.50. 


Cellular Biology and Toxicity of Anesthetics. Edited by B. R. FINK. 
Williams & Wilkins, Baltimore, M D  21202, 1972. xiii + 328 pp. 
14.5 X 23.5 cm. Price $20.50. 


Simplified Circuit Analysis. By R. D. SACKS and H. B. MARK, JR. 
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1972. 166pp. 15 X 23cm. PriceS6.50. 


Anatomy of the Monocotyledons, Volume VI. Dioscoreales. By E. S .  
AYENSU. Oxford University Press, 200 Madison Ave., New York, 
NY 10016, 1972. 182 pp. 15 X 23.7 cm. Price $20.50. 
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Sensitive Spectrophotometric Method for 
Determining Methadone in Biological Specimens 


JACK E. WALLACE*., HORACE E. HAMILTON*, JAMES T. PAYTEt, and KENNETH BLUMl 


Abstract 0 The extensive use of methadone for the treatment of 
opiate addiction increases significantly the need for quantitative 
determination of methadone in urine and tissues. Existing spectro- 
photometric methods are limited in sensitivity by the low molar 
absorptivity of this compound (E = 554 in 0.1 N HCl, X = 292 nm.). 
Results demonstrate that a markedly enhanced sensitivity may be 
achieved by oxidizing the methadone to benzophenone (E = 18,713 
in n-heptane, h = 247 nm.). Methadone is extracted into ri-hexane 
at  an alkaline pH and then back-extracted into dilute sulfuric acid. 
Refluxing the acid solution with barium peroxide and n-heptane 
oxidizes the methadone to benzophenone, which is immediately 
extracted into the heptane. The heptane layer is removed and 
washed, and the benzophenone is measured spectrophotometrically. 
The method is sufficiently sensitive to quantitate therapeutic levels 
of methadone in small volumes of urine. 


Key phrases Methadone in biological specimens-liquid-liquid 
extraction, barium peroxide-sulfuric acid oxidation, UV analysis 0 
Barium peroxide-sulfuric acid oxidation-analysis of methadone 0 
Benzophenone-UV analysis as methadone oxidation product 0 
UV spectrophotonietry-analysis, methadone uio oxidation to 
benzophenone 


Methadone is an antitussive and analgesic agent (1, 
2). In recent years, it has been used effectively as a 
treatment for narcotic abstinence syndromes (2-4). 
Several investigators claimed that the methadone 
maintenence program is the preferred treatment for 
heroin dependence and reported up to  75% success in 
achieving sustained rehabilitation (4). 


It is apparent that opportunities for abuse of metha- 
done will increase as methadone maintenance programs 
grow in popularity and number. Gardner (5) reported 
that the number of deaths resulting from methadone 
overdose has increased significantly since 1965, the 


year the maintenance programs were introduced ( 3 ) .  
Baden (6),  describing a number of deaths resulting 
from methadone abuse, observed that individuals have 
obtained large amounts of the drug by enrolling in 
several programs simultaneously. The increased use of 
methadone enhances the requirement for its quantitative 
determination in urine or tissue. 


Spectrophotometric methods are available (7, 8), but 
sensitivity is less than satisfactory. GC and polaro- 
graphic methods have been described (9-1 1); however, 
the degree of technical proficiency required to analyze 
methadone by these methods makes them unacceptable 
to many laboratories. This report describes a sensitive 
spectrophotometric method for determining methadone 
in biological specimens. Analysis is based upon oxida- 
tion of methadone to benzophenone, a compound that 
has a much greater molar absorptivity for UV radiations 
than does methadone. 


EXPERIMENTAL 


Reagents-Methadone hydrochloride USP2, in appropriate 
amounts, was dissolved in deionized water. Concentrated sulfuric 
acid3 was diluted with water t o  obtain a 4.7 M solution. Barium 


‘A Staco variable autotransformer, Type 2PF1010, was used in 
conjunction with a CRC Multi-lectric Outlet, model 1035/72, to deliver, 
on the average, 57 v. to Glas-Col heating mantles. Water-cooled 400- 
mm. Allihn condensers were attached to 250-ml. flasks positioned in the 
heating mantles. Magnetic stirrers were positioned beneath the heating 
mantles to mix the reaction solution and to serve as a support for the 
entire reflux system. A Beckman DI<-2A ratio-recording spectropho- 
tometer with 10-mm. cells was utilized. (Any spectrophotometer capable 
of accurate measurements at 247 nm. is adequate.) 


* Mallinckrodt Chemical Co. 
3 Baker analytical reagent. 
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Table I-Standard Curve of Methadone Oxidation Product 


YETHAWYE OKlOATlOl MODUCT 0.70 O'*O I \ A 


200 220 240 260 280 300 320 340 
MILLIMICRONS 


Figure 1-UV absorptiori spectra of methadone, 20 mcg./ml. 0.1 N 
HCI, arid of the oxidation product in n-heptane derived from a sample 
of equivcrlerit coricerirratiori. 


peroxide' was utilized as the primary oxidant. Thirty grams of an- 
hydrous potassium hydroxide was dissolved in 100 rnl. of water. 
n-Hexane and n-heptane5 were utilized as extracting and refluxing 
solvents, respectively. 


Preliminary Extraction of Bile and Urine-Five to twenty rnilli- 
liters of urine (containing 20-150 mcg. methadone) was placed in a 
250-ml. separator and adjusted to pH 9-12 by the dropwise addi- 
tion of 5 N sodium hydroxide. Fifty milliliters of 12-hexane was 
added, the mixture was shaken vigorously for 3 min., and the 
aqueous layer was discarded. 


Preliminary Extraction of Tissues-Tissue specimens were al- 
kaline digested to release protein-bound methadone (12). Ten 
grams of tissue was combined with 10 ml. of 30% potassium hy- 
droxide solution. A flask containing the mixture was immersed in a 
boiling water bath for 10-30 min. or until complete disintegration 
of the tissue was obtained. The solution was cooled, transferred to a 
separator, adjusted to pH 9-12, and extracted into approximately 5 
volumes of n-hexane. 


General Extraction-Hexane from the preliminary extractions 
was filtered through filter paper6 into a 100-ml. stoppered graduate 
cylinder. The hexane was extracted with 10 ml. of 4.7 M sulfuric 
acid. Nine milliliters of the aqueous layer along with 5 rnl. of spectro- 
grade rz-heptane and 325-350 mg. barium peroxide was added to a 
250-ml. round-bottom flask, which was subsequently attached to a 
water-cooled reflux condenser. The mixture was refluxed for 45 
min. with constant magnetic stirring, utilizing a high reflux rate of 
approximately 200 drops/rnin. 


After cooling, the heptane was extracted with an equal volume 
of 1.0 N sodium hydroxide. The heptane was read in the spectro- 
photometer at  215-360 nrn. against a similarly prepared n-heptane 


0.8 


0.7 


0.6 
W 
0 5 0.5 
m 
III 0.4 
$ 2 0.3 


0.2 


0.1 


0 
ZOO 220 240 260 280 300 320 340 360 


MILLIMICRONS 


Figure 2-UV ubsorption spectra of benzophetione (-), a 
typical uritre blutik (- -), and the barium peroxide-sulJuric acid re- 
crctior~prodirct (- - -). 


.I Anhydrous powder reagent, Matheson Coleman and Bell. 
6 Spectroanalytical grade, Fisher Scientific. 
6 Schliechcr & Schuell No. 589 or equivalent. 
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Methadone 
Concentration, Oxidation Product Absorbance1 


mcg./ml. Absorbancea Concentration 


1 0.028 0.028 
2 0.078 0.039 
4 0.164 0.041 
8 


12 
16 
20 
24 


0.350 
0.546 
0.692 
0.873 
1.048 


0.044 
0.046 
0.043 
0.047 
0.044 


~ 


a Determined at  247 nm. in n-heptane. 


blank. Analysis at  a single wavelength was achieved by determining 
the absorption at  247 nm. For a standard, 9 ml. of 4.7 M sulfuric 
acid containing 100 mcg. of methadone was carried through the 
reflux step. The methadone concentration of an unknown is deter- 
mined from the following equation: 


OD unknown 
OD standard X 


Concentration of standard in heptane (2.0 mg. %) X 


X 
ml. hexane used for extraction 


ml. hexane recovered 
ml. 4.7 M H2SOa used for extraction 


X ml. 4 .7  M H,S04 used in reflux 
ml. heptane 


ml.(g.) specimen = rng. Z (Eq. 1) 


where OD = optical density. Satisfactory analysis was performed 
with as little as 5 ml. of urine and 2 rnl. of heptane. 


RESULTS 


Characteristics of Oxidation Product-The oxidation of rneth- 
adone with barium peroxide produced benzophenone (Scheme I). 


C==O 
H \ 


\C' -L 


/ \H H / 
C,Hs C-C-CH3 C6Hj 


Ha/ \CHa 
Scheme I-Oxidatiori of methadone to berizophenorte by the 


barium peroxide system 


This was established by the observation that identical UV and IR 
spectra were observed for benzophenone and the methadone 
oxidation product. The two compounds exhibited equivalent GC 
retention times and TLC Rj values. Oxidation to benzophenone 
results in a markedly enhanced sensitivity (Fig. 1). The increase in 
molar absorbance of benzophenone in ti-heptane ( E  = 18,713, X 
= 247 nm.) over that of methadone in 0.1 N HCI ( e  = 554, X = 
292 nm.) was approximately 34 times.The absorption of the oxida- 
tion product adheres to  the Beer-Lambert law over a wide con- 
centration range, as indicated by data in Table I. The ,data signify 
that the conversion of methadone to benzophenone is linear over the 
range of concentrations indicated. At concentrations greater than 
25 mcg./ml., the oxidation is less than quantitative. 


A second product is formed during the oxidation and must be 
removed by extracting the refluxed heptane with dilute alkali. 
It appears t o  be a barium peroxide-sulfuric acid product, which 
exhibits a relatively broad peak with maximum absorbance at 269 
nm. (Fig. 4) and is very soluble in 0.1 N NaOH. A typical blank re- 
sults in a UV maximum at 220-225 nm. with an  absorbance of 
0.03-0.04 at  247 nm. (Fig. 2). 


Interfering Substances-Numerous drugs were investigated for 
interference with quantitative determination of methadone by the 







Table 11-Interference of Compounds" with the Barium Peroxide 
Oxidation Method for Determining Methadone 


Table IV-Evaluation of Conditions for Reflux: Relative Yields, 
Adjusted to 1.00 for Optimum Conditions 


Compound Absorbanceb Oxidation Product 


Met hadone 0.92 Benzophonone (B) 
Pipradrol 1.25 B (chloro) 
Hydroxyzine 0.57 B 
Diphenhydramine 0.55 
Phenmetrazine 0.52 Acetophenone (A) 
Diphenylpyraline 0.51 B 
Mephenterrmne 0.51 A 
Antazoline 0.45 A 
Azacyclonol 0.38 B 
Propoxyphene 0.38 A 
Piperidolate 0.37 B 
Amitriptyline 0.27 Unknown 
Amphetamine 0.06 Nonspecific absorbance (NS) 


Compounds Exhibiting 50.02 Absorbance" 
Atropine Chlorpromazine Methylphenidate 
Amobarbital Ephedrine Morphine 
Bisacodyl Ethchlorvynol Nicotine 
Caffeine Ethinamate Pheniramine 
Cocaine Glutethimide Tetracycline 
Codeine Hydantoin Trimethobenzamide 
Chlordiazepoxide Imipramine Triprolidine 
Chloroquine Meperidine Quinidine 
Chlorpheniramine Meprobamate 


~ ~~ ~ 


a Each compound was extracted from urine and corresponds to a 
concentration of 20 mcg./ml. In ti-heptane. b Absorbance at 247 nm. 


method described in this report. Most of the compounds exhibited 
negligible absorbance a t  247 nm.. although several were oxidized to 
benzophenone or acetophenone (Table 11). Amitriptyline exhibited 
significant absorbance but was oxidized to the unidentified product 
that is obtained after alkaline permanganate oxidation (13). Certain 
acidic compounds are oxidized by the barium peroxide-sulfuric acid 
system to UV absorbing species, but they afford no interference 
since they are eliminated in the initial extraction step. 


Evaluation of Conditions for Reflux-The extraction efficiency was 
optimal over the 9-12.5 pH interval, decreasing slightly from pH 
9 to 7 and falling off more sharply thereafter (<lo% optimum re- 
covery at pH 4). I n  strongly alkaline media (pH> 13), methadone is 
reversibly converted to  a water-soluble form and extraction re- 
coveries are negligible. Emulsions are avoided if at  least two vol- 
umes of hexane per one volume of urine are utilized. 


A 3-min. extraction of 10 ml. urine with 50 ml. hexane results in a 
mean methadone recovery of 8 5 % ,  as opposed to 81 % with 25 ml. 
of hexane. The combination of two successive extractions provides 
a 95% recovery of methadone. The efficiency of the method to  
recover known amounts of methadone added to  urine is summarized 
in Table 111. Standard aqueous solutions of methadone hydro- 
chloride were added to  urine to  provide concentrations ranging 
from 0.10 to 2.50 m g . z .  The volume of urine extracted was 5 ml. 
for specimens containing greater than 1.5 mg.%, 10 ml. for those 
containing 0.5-1.5 mg.%, and 20 ml. for specimens containing 
less than 0.5 mg. %. 


Table 111--Recovery of Methadone after 
Addition to Urine 


Virm 


Amount Added, Recovery, Mean SDn, 
mcg./nil. nicg./ml. 


1 . o  0.86 f 0.02 
2 .5  
5 . 0  
7 . 5  


10.0 
15.0 


2.09 f 0.02 
4.25 f 0.03 
6.39 i 0.06 
8.45 It 0.07 


13.40 f 0.07 
20 0 16.91 i 0.20 
25.0 21.20 i- 0.20 
Average percent recovery 85.5 
20.0 
Average percent recovery 94.9 


18.98 f 0.70 (double extraction)b 


____ 


< Amount of Barium Peroxide, mg. - 
300 325-350' 375 400 600 800 
0.93 1 .oo 0.94 0.89 0.85 0.79 


4.0 4 . 4  4.6 4 .7  4.8 5 .0  7 . 0  9.0 
0.82 0.88 0.90 1.00 0.90 0.88 0.83 0.18 
~ ~ _ _  Duration of Reflux, mh-- 


20 20 40 45 50 60 80 100 
0.62 0.86 0.90 1.00 0.98 0.96 0.95 0.87 
p- Voltage Setting, Heating Mantle Rheostat, v. 


40 50 60 70 80 
0.88 0.94 1 .00 0.99 0.96 


Volume of Heptane, nil.--- P 


2 . 5  5 10 20 30 
0.92 0.98 1 .OO 0.99 0.15 
--Volume of 4 .7  M HISOd, ml. (1 .OO for the Volume of lo-- 


ml., Arbitrarily) 
2.5 5 10 15 20 


0.95 1.04 1 .OO 0.96 0.93 


-Concentration of Sulfuric Acid, M 


- 


_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  


0 Mean of data for 325, 333, 337.5, 341, and 350 mg. 


Hexane, heptane, and octane were examined for use as possible 
reflux solvents. N o  benzophenone was detected in octane, and the 
amount of benzophenone in hexane was approximately 20% of that 
obtained with heptane. 


Production of benzophenone was maximal with 325-350 mg. of 
barium peroxide and a 4.7 M sulfuric acid concentration. Optimum 
conditions for the oxidation of methadone are presented in Table 
IV. Oxidation of methadone by the method gives a 7 8 z  yield of 
benzophenone. 


In. Vivo Urine Studies-Urinespecimens wereobtained from adult 
male patients receiving treatment in a methadone maintenance 
program. The daily oral dosages of methadone ranged from 50 to 
110 mg., with a mean dosage of 78 mg./patient. Urine was collected 
for 24 hr. following medication, and the mean methadone concentra- 
tion was 1.56 mg. z during the initial 12 hr. and 0.75 mg. during 
the second 12 hr. The total amount of unchanged methadone re- 
covered during the 24-hr. period after ingestion varied from 8.1 to  
17.8%, with a mean recovery of 11.6%. Beckett ct al. (11) and 
Steinberg (l4), following oral administration of methadone to  hu- 
man subjects and utilizing a G C  technique, recovered 1-20% of 
unchanged methadone with a mean of 9.6%. The low recoveries 
reported by Beckett et at. (11) and confirmed by our studies reflect 
that there is extensive in vivo metabolism of methadone and that 
methadone is eliminated by more than one route. 


Tissue Studies-Tissue specimens (liver. lungs, kidneys, stomach, 
and intestines of adult male rats) containing no methadone gave a 
mean blank absorbance of 0.035 f 0.008 (17 determinations) as 
compared to  a mean blank absorbance for urine specimens of 0.037 
f 0.009 (nine determinations). The mean recovery of methadone 
after addition to  intact liver, stomach, and intestines was 78.7 f 
1.3 % (10 determinations). Methadone hydrochloride in physio- 
logical salt solution (0.9 %) was administered subcutaneously in the 
rear leg of adult male rats a t  a dose level of 20 mg./kg. For one 
group of rats, the pH of the methadone solution was not adjusted 
(pH 4.6) and only the liver was examined. For a second group, 
the pH of the injected solution was adjusted to 7.2 and liver, lung, 
and kidney tissues were examined. After 1 hr. the animals were 


Table V-Distribution of Methadone" in the Rat 


--Methadone, mcg./g. (Dry Weight)--. 
Tissue Range of Values Mean =t S D  


Liver 
Lung 
Kidney 


33.6-49.6 41.7 f 8 . 0  
250.8-364.5 301.2 i 48.1 
68.2-87.3 77.0 f 9 . 6  


(1 Each value represents the average of five determinations. b Aqueous 
specimen was extracted twice with n-hexane. 


a Methadone was administered at a dose of 20 mg./kg., and the ani- 
mals were sacrificed after 1 hr. 
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sacrificed and the tissues were immediately removed, weighed, and 
subjected to  alkaline digestion according to  the procedure of Rick- 
ards et al. (12). The level of methadone in the liver of rats injected 
with its physiological salt solution of methadone at  pH 4.6 was 13.2 
=t 6.6 mcg./g. of liver (dry weight), whereas the liver concentration 
of the drug in animals injected with the near neutral solution of 
methadone was 41.7 =k 8.0 mcg./g. (dry weight). Methadone levels 
in several tissues of the rat are shown in Table V. 


DISCUSSION 


Barium peroxide, other than being employed as a catalyst, has 
received little interest in the field of oxidative organic chemistry; 
Baldeon (15) used barium peroxide and sulfuric acid as the basis of a 
semiqualitative colorimetric test for differentiating between phenols, 
amines, esters, and organic acids. Preliminary studies in this lab- 
oratory indicate that the barium peroxide-sulfuric acid oxidizing 
system is a highly suitable oxidant for substituted diphenyls. 
Alkaline permanganate oxidation of methadone resulted in less 
than 30% of the yield obtained with barium peroxide-sulfuric acid 
oxidation. 


The extraction efficiency of ii-hexane for methadone compares 
favorably with other solvents. Several existing methods (8) use ethyl 
ether or chloroform, but three to five extractions are required 
followed by concentration of the combined extracts through solvent 
evaporation. Mule (7) reported a 9 2 z  recovery of methadone 
using 25z isobutanol in ethylene dichloride, but the procedure re- 
quired extensive (45 min.) mechanical agitation. 


The irr Ljitro tissue recovery is sufficiently reproducible to  permit 
the use of a correction factor to adjust results for incomplete tissue 
recovery. The elevated tissue absorption and distribution experi- 
enced at pH 7.2 as compared to injection of methadone at  pH 4.6 
agree with the observations of Way and Adler (16). 


With the possible exception of propoxyphene and several anti- 
histamines, most drugs capable of interfering with methadone 
quantitation may be rarely encountered in the methadone user. 
TLC screening can be used to preclude or identify the presence of 
interfering substances. By one TLC technique, in oiao methadone 
specimens result in a characteristic TLC pattern consisting of two 
similarly colored spots’. The two compounds correspond to un- 
changed methadone and its cyclic metabolite (1 1). The metabolite is 
soluble in hexane; therefore, it is determined by the proposed 
method. 


The procedure is applicable to tissue as well as to urine analysis; 
however, low circulating levels do not permit an accurate assay of 
therapeutic levels of methadone in blood. 


7 Unpublished data from this laboratory. 
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Variation in Dissolution Data Using an 
Apparatus Meeting USP-NF Requirements 


A. M. ROSOLIA, J. R. O’CONNELL, J. F. BAVITZ, F. A. RESTAINO, and J. B. SCHWARTZ’ 


Abstract 0 Variation in dissolution results between the two vessels 
recommended in USP XVllI  and N F  XIII prompted an  investi- 
gation of vessel shape and its effect on dissolution. Further testing 
was carried out with a dissolution vessel whose concavity was 
obviously different from those recommended but still within 
compendia1 specifications. The dissolution results obtained in 
this modified apparatus were different from those obtained in the 
recommended vessels under the particular conditions of the test 
used. (The difference in results between the two recommended 
vessels was subsequently shown not to be statistically significant, 
although the modified vessel did cause changes.) A possible ex- 
planation for these observations is presented. 


Keyphrases 0 Dissolution tests-ffect of vessel shape (con- 
cavity), compendial dissolution vessels, modified vessel 0 Vessels 
for dissolution testing-ffect of shape (concavity) on dissolution 
rates, compendial vessels, modified vessel 0 Glass dissolution 
vessels-effect of shape (concavity) on dissolution rates, compendial 
vessels, modified vessel 


Eight monographs carry a dissolution test require- 
ment in USP XVIII (1) and six do so in N F  XI11 (2). 
Cooper and Hersey (3) presented a tabulation of these 
preparations and their specifications. Recently, Beyer 
and Smith (4) reported on an unexpected variable 
(vibration) in the USP-NF test. The purpose of this 


article is to report on an additional source of variation 
possible in the official test methods. 


The compendia in their latest revisions include 
specifications for the rotating-basket method of dis- 
solution testing. USP XVIII states that the vessel, 
which is one of four parts of this apparatus, must meet 
the following requirements: “ .  . . a covered, 1000 ml. 
vessel made of glass or other inert, transparent ma- 
terial; . . . . The vessel is cylindrical, with a slightly con- 


Table I-Effect of Vessel Type on Hydrochlorothiazide Dissolution 
~ ~~~ 


Percent Hydrochlorothiazide 
-Dissolved in 30 min:-. 


Sample Kimble Pyrex 


1 
2 
3 
4 
5 
6 
Mean 


85 
88 
88 
95 
-b 
- 
89 


80 
80 
80 
84 
81 
79 
81 


~ ~~ ~ 


n The USP XVIII monograph for hydrochlorothiazide tablets con- 
tains a specification of not less than 60 of labeled amount dissolved 
in 30 min. 6 Only four Kimble vessels were available for this initial 
study. 
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Table 11-Comparison of Dissolution Values between USP Recom- 
mended and Fabricated Vessels 


Figure l-Ct~mrnerciuIly uruiluhle dissolution vessels nith slight 
difference in conccicity. 


cave bottom. It is 16 cm. high and is 10 cm. in inside 
diameter, and its nominal capacity is 1000 ml.” 


In addition, the USP states: “A suitable vessel is 
available commercially from laboratory supply houses 
as Pyrex No. 6947 or as Kimble Glass No. 33700.” 


Analysis of data from dissolution studies in  these 
laboratories showed that slight differences were ob- 
tained when the two recommended reaction vessels 
were used. This finding prompted an investigation to  
show the effect of changes in reaction vessels on dis- 
solution values. 


EXPERIMENTAL 


Materials-Hydrochlorothiazide tablets’, 50 mg., were taken 
from two production lots. 


Dissolution Studies--The test method for hydrochlorothiazide 
tablets specified in USP XVIII was followed. Only changes in the 
glass vessel were made, and those are described in the text. In 


Figure 2-Fabriruted dissolution cessrl. 


Percent Hydrochlorothiazide Dissolved in 30 min. 
USP Recommended - -Fabricated Vessel-- 
--- -VesselscJ’- - - Sample I Sample 11 
Pyrex Kimble Group Group 


Batch 1 
Mean 86* 86c 52d 59d 
High 95 91 61 65 
LOW 80 79 45 52 


Batch 2 .. . . . . - 
Mean 93b 9 9  62d 63d 
High 96 97 70 75 
Low 90 86 53 55 


Although the difl‘erences between Pyrex and Kimble Glass vessels 
were not found to be statistically significant in this particular test, the 
matter is one of degree. Data in the text show dissolution diflrrences 
caused by a change in curvature. Therefore, the slight changes between 
Pyrex and Kimble Glass could possibly show up in a more discriminat- 
ing test. b Mean of five individual measurements. c Mean of 13 in- 
dividual measurements. d Mean of 18 individual measurements. 


some instances, the dissolution apparatus with multiple-testing 
stations, described by Castello et 01. (9, was employed. 


RESULTS AND DISCUSSION 


Slight differences (Table I) in the dissolution results for hydro- 
chlorothiazide tablets, 50 mg., were observed when the test was 
simultaneously performed in Pyrex and Kimble Glass vessels, 
both of which are recommended by the USP. A Student t test 
performed on the mean values (6) indicated that they are statistically 
different ( p  <0.005). 


It was noted that the concavity at  the bottom of the two flasks 
was different, being slightly greater in the Pyrex flask than in the 
Kimble Glass. A slight difference in shape at the bottom was also 
observed. These differences are illustrated in Fig. 1. It was hy- 
pothesized that both the concavity and the shape were changing the 
hydrodynamics within the dissolution medium enough to cause a 
significant change in the resulting dissolution patterns. 


For comparative purposes, a third type of vessel was obtained 
(Fig. 2). The concavity of this vessel is more than slight, although the 
authors maintain that the vessel conforms to official specifications 
since such interpretation is left to the individual investigator. 
For example, the schematic illustration of the dissolution apparatus 
in NF XI11 (p. 802) shows a generous concavity in the flask. 


Subsequent and more comprehensive testing indicated that the 
observed differences between the two recommended dissolution 
vessels were statistically insignificant. The results obtained in the 
fabricated vessel, however, were significantly different from both 
of the other vessels (Table 11). 


HydroDiuril, Merck Sharp & Dohme, West Point, Pa. Figure 3-Gmirrtles at bottom of:/cibricnted clissolrrtioir vessel. 
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Table III-Rotational Effect on Dissolution in the Various Vessels 


Percent Hydrochlorothiazide Dissolved 
-----in 30 min.------- --- Rotational Speed of Basket- 


Vessel 50 100 150 200 


Pyrex 21 69 91 96 
22 74 92 98 .~ ~. 


Kimble 36 78 87 94 
18 70 80 96 


Fabricated 22 69 55 63 
24 68 68 70 


a Values are for individual samples. 


During the test, one could observe particles of the disintegrated 
tablet forming a ring at the bottom of the fabricated flask (Fig. 3). 


It is not likely that one would use the type of dissolution vessel 
shown in Fig. 2 when the other two types are commercially available. 
There are, however, other commercially available resin pots or 
dissolution vessels and possible differences of the type illustrated 
could occur with these vessels. These could be important to a 
formulator or a quality control investigator working with other 
products and under varying conditions. Finally, the testing dis- 
cussed here was done at 150 r.p.m., as called for in  the USP XVIII 
monograph for hydrochlorothiazide tablets. The data presented in 
Table I11 appear to indicate that the magnitude of the difference 
between the various flasks is a function of the basket’s rotational 
speed. This phenomenon will be dependent not only on the hydro- 
dynamics in the bulk of the solution but, more importantly, in the 
concavity at the base of the flask where the granules tend to ac- 
cumulate and lie relatively undisturbed. 


Each product having a dissolution test in its USP XVIII or NF 
XI11 monograph should be investigated in this manner. Such studies 
are underway in these laboratories. 


NOTES 


CONCLUSIONS 


These observations led to the following conclusions: 
1. The shape of the dissolution flask, which is not clearly defined 


in USP XVIII and NF XIII, can significantly affect dissolution 
patterns (ostensibly by affecting hydrodynamics). 


2. The magnitude of these differences is a function of the rota- 
tional speed of the USP basket. 


3. Formulators should be aware that these differences exist, 
and it is recommended that there be more definitive specifications 
for the dissolution vessel in the compendia. 
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Muscarinic Receptors: 2-Trimethylammonium-7-oxabicyclo[2.2.1] heptane 
Iodide Epoxides and 2-Trimethylammoniumbicyclo[2.2.1] heptane Iodides 


WENDEL L. NELSON’, DAVID R. ALLEN, and FRANK F. VINCENZI 


Abstract 0 The syntheses of endo- and exo-2-trimethylammonium- 
exo-5,6-epoxy-7-oxabicyclo[2.2.l]heptane iodides are reported. 
Muscarinic assay results are reported and compared with endo- 
and exo-2-trimethylarnmoniurnbicyclo[2.2.l]heptane iodides. Of 
the compounds tested, only exo-2-trimethylammoniumbicyclo- 
[2.2.l]heptane iodide demonstrated muscarinic activity, but it was 
only marginally active. 


In a previous study ( l ) ,  conformationally rigid ana- 
logs of the cholinergic agonist muscarine (1) in the 7- 
oxabicyclo[2.2. llheptane system were reported. In 
that report, endo- and exo-2-trimethylammonium-7- 
oxabicyclo[2.2. llheptane iodides (I1 and 111) showed 


Keyphrases 0 2-Trimethylammonium-7-oxabicyclo[2.2.l]heptane 
iodide epoxides-synthesized and screened for muscarinic activity 
2-Trimethylammoniumbicyclo[2.2.1]heptane iodides-synthesized 
and screened for rnuscarinic activity 0 Muscarinic activity-2- 
trimethy1arnmonium-7-oxahicyclo[2.2.l]heptane iodide epoxides 
and 2-trimethylammoniumbicyclo[2.2.1 Iheptane iodides 


only marginal muscarinic activity. This report describes 
an effort to prepare additional compounds in the series, 
namely the 5,6-epoxides and 6-oxygenated species, which 
are more closely related to  muscarine. To  compare I1 
and 111 with their carbon analogs, endo- and exo-2-tri- 
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Vessel 50 100 150 200 
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Kimble 36 78 87 94 
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a Values are for individual samples. 


During the test, one could observe particles of the disintegrated 
tablet forming a ring at the bottom of the fabricated flask (Fig. 3). 


It is not likely that one would use the type of dissolution vessel 
shown in Fig. 2 when the other two types are commercially available. 
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concavity at the base of the flask where the granules tend to ac- 
cumulate and lie relatively undisturbed. 


Each product having a dissolution test in its USP XVIII or NF 
XI11 monograph should be investigated in this manner. Such studies 
are underway in these laboratories. 


NOTES 


CONCLUSIONS 


These observations led to the following conclusions: 
1. The shape of the dissolution flask, which is not clearly defined 


in USP XVIII and NF XIII, can significantly affect dissolution 
patterns (ostensibly by affecting hydrodynamics). 


2. The magnitude of these differences is a function of the rota- 
tional speed of the USP basket. 
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and it is recommended that there be more definitive specifications 
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Muscarinic Receptors: 2-Trimethylammonium-7-oxabicyclo[2.2.1] heptane 
Iodide Epoxides and 2-Trimethylammoniumbicyclo[2.2.1] heptane Iodides 
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Abstract 0 The syntheses of endo- and exo-2-trimethylammonium- 
exo-5,6-epoxy-7-oxabicyclo[2.2.l]heptane iodides are reported. 
Muscarinic assay results are reported and compared with endo- 
and exo-2-trimethylarnmoniurnbicyclo[2.2.l]heptane iodides. Of 
the compounds tested, only exo-2-trimethylammoniumbicyclo- 
[2.2.l]heptane iodide demonstrated muscarinic activity, but it was 
only marginally active. 


In a previous study ( l ) ,  conformationally rigid ana- 
logs of the cholinergic agonist muscarine (1) in the 7- 
oxabicyclo[2.2. llheptane system were reported. In 
that report, endo- and exo-2-trimethylammonium-7- 
oxabicyclo[2.2. llheptane iodides (I1 and 111) showed 


Keyphrases 0 2-Trimethylammonium-7-oxabicyclo[2.2.l]heptane 
iodide epoxides-synthesized and screened for muscarinic activity 
2-Trimethylammoniumbicyclo[2.2.1]heptane iodides-synthesized 
and screened for rnuscarinic activity 0 Muscarinic activity-2- 
trimethy1arnmonium-7-oxahicyclo[2.2.l]heptane iodide epoxides 
and 2-trimethylammoniumbicyclo[2.2.1 Iheptane iodides 


only marginal muscarinic activity. This report describes 
an effort to prepare additional compounds in the series, 
namely the 5,6-epoxides and 6-oxygenated species, which 
are more closely related to  muscarine. To  compare I1 
and 111 with their carbon analogs, endo- and exo-2-tri- 


1640 IJ Journal of Pharmaceutical Sciences 







H 


%CHI a 
0 


- 3 R 2  
I 
R1 + 1: muscarine 11: R~ = N ( C B ~ ) , I ,  R~ = H 


111: R, = H, R~ = N(cH,)~I- 
+ 


I 


Rl R, 
+ + IV: Ri = N(CH3)31-, Rz = H VI: Ri = N(CH&, Rz= H 


V: Ri = H, R, = N(CH3)31- VII: Ri=  H ,  Rz= N(CH3)sI- 
+ + 


methylammoniumbicyclo[2.2.I]heptane iodides were 
also screened for muscarinic activity. 


SYNTHESIS 


Epoxides IV and V were prepared from endo- and exo-24N- 
methyl-N-carbomethoxyamino)-7-oxabicyclo[2.2.l]hept-5-enes, VIII 
and IX, respectively, which are available by Diels-Alder condensa- 
tion of furan and methyl acrylate, followed by Curtius degradation 
and alkylation (2) (Scheme I). Peracid oxidation with m-chloro- 
perbenzoic acid afforded a single epoxide from each olefinic car- 
bamate, which was assigned the exo-configuration based on similar 
results in the closely related 7-oxabicyclo[2.2. llheptane and bi- 
cyclo[2.2. Ilheptene systems (3-8) and on NMR evidence. 
In the NMR spectrum of X, both HI and H4 appear a s  doublets 


a t  6 4.65 (J1.Z-ero = 5 Hz.) and 4.48 (J4,3-rro = 5 Hz.) (2). In these 
cases, coupling is not observed between bridgehead protons and 
adjacent endo-protons. H5 and H6 appear as a singlet. These data 
are consistent with the expected small, or nearly zero, coupling 
constants based on dihedral angle considerations. 


The stereochemistry a t  C-2 is maintained in X and XI, re- 
spectively, during this process, as determined from the lack of 
change in multiplicity of H z . ~ ~ ~  in X and of HzTcndo in XI, respectively. 
Kunstmann et ul. (9) reported isomerization a t  C-2 under epoxida- 
tion conditions on a similar system, 2-hydroxymethyl-7-oxabicyclo- 
[2.2.l]hept-5-ene, using monoperphthalic acid. 


Lithium aluminum hydride reduction of X and XI afforded XI1 
and XIII, respectively, which were converted to  their respective 
quaternary salts with iodomethane. Under these conditions, no 
reduction of the 5,6-epoxide was encountered. 


In an  effort to prepare 6- (or 5- )  hydroxylated analogs, more 
strenuous reduction conditions were attempted, including lithium 
aluminum hydride in diglyme (100’) which was unsuccessful. Sim- 
ilar systems have been rkduced under these conditions (7, 9). More 
drastic conditions, including aluminum hydride (lo), resulted in de- 
composition. Several hydroxylation methods, including hydroxy- 
mercuration (1O-17), also failed. Hydroboration-oxidation (14) af- 
forded only small amounts of hydroxyl-containing material. 


An attempt was also made to prepare the corresponding endo- 
epoxides by the addition of hypobromous acid (18-20) using N- 
bromosuccinimide and sodium hydroxide. Only methyl N-methyl- 
carbamate was isolated, evidently a result of ring cleavage under the 
reaction conditions. Isolation of fragments from the remainder of 
the molecule failed. 


PHARMACOLOGY 


Compounds IV, V, VI, and VII were tested for muscarinic ac- 
tivity (Fig. 1) on guinea pig ileum by a method described previously 
(1). Only VI showed marginal activity, producing half-maximal 
contraction of acetylcholine a t  about 6.3 X M. This compares 
to the half-maximal concentration of acetylcholine of about 7 X 
lo-* M.  At M ,  each of the other compounds showed only weak 
smooth muscle contraction. Contractile effects of IV, V, VI, and 


II 
N - COCH,, 
I 


N-CCOCH, 
I 


CH, CH3 
endo -VIII exo -M endo -X exo -XI 


I lithium aluminum 
hydride 


0 


methyl iodide 
I V a n d V  


NCH, 
I 


CH, 


endo -XI1 exo -XI11 
Scheme I 


VII were blocked by atropine. None of the compounds demonstrated 
significant atropinic effects. 


In view of the low level of muscarinic activity and differences in 
structure, further speculation is not warranted. 


EXPERIMENTAL’ 


endo-2 -(N-Methyl- N-carbomethoxyamino) - exo-5,6 - epoxy -7- 
oxabicyclo[2.2.l]heptane (X)-endo-2-(N-Methyl-N-carbomethoxy- 
amino)-7-oxabicyclo[2.2.l]hept-5-ene, VIII [prepared by the method 
of Nelson and Allen (2)], 0.7 g. (9.2 mmoles), and 2.5 g. (XOZ, 14.6 
mmoles) of m-chloroperbenzoic acid2 were dissolved in 25 ml. of 


a 
H 


20 


0 i&” 
-8  -7 -6 -5 -4  -3  


LOGIXlrno~ar 


Figure 1-Miiscarinic assay data (ACh = acetylcholine). 


1 Melting points were obtained on a calibrated Thomas-Hoover 
Unimelt melting-point apparatus and are corrected. IR spectra 
were recorded on Beckman IR-5A and IR-20 spectrophotomcters. 
NMR spectra were determined with Varian A-60 and T-60 MHz.  
spectrometers, using tetramethylsilane and sodium 2.2-dimethyl-2- 
silapentane-5-sulfonate as internal standards. I n  NMR descrlptions, 
the following notations are used: s = singlet, d = doublet, t ,= triplet. 
q = quartet, dd = doublet of doublet, d t  = doublet of triplct, and 
in = multiplet. Microanalyses were conducted by Dr. F. B. Strauss, 
Oxford, England. 
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chloroform. The solution was stirred (magnetic) for 2 hr. a t  room 
temperature and for 30 min. at  reflux, transferred to a separator, 
and washed once with 15 ml. of 5 %  aqueous sodium hydroxide 
solution. After drying (magnesium sulfate), the chloroform was 
evaporated to leave 1.6 g. (9573 of pale-yellow oil. To remove 
impurities in the material, the epoxide was passed through a 50-g. 
silica gel column by ether elution. The unidentified impurity was 
eluted in the first 390 ml., and the epoxide was eluted in the next 350 
ml.; IR (neat): 3.39 (aliphatic C-H stretching), 5.90 (carbamate 
C=O stretching), 6.50, 6.85, 7.45, 7.70, 7.90, 8.40, 8.60, 9.45, 
9.80, 10.00, 10.80, 11.65, 12.50, 13.00, 14.25, and 14.85 p ;  NMR 


= 4 Hz.), 4.23 (dt, overlapping quintet, H?.,,,, J L - ~ ~ ~ , ~ . ~ ~ ~  = 10 Hz., 


HS-cndo and Hscndo, W/2 = 2 Hz.), 2.90 (s, 3, -NCH,), 2.10 (dq, 1, 
H3.,,,, Jge," = 12 Hz., J3-cro.2-ero = 10 Hz., J3.arn.L = 5 Hz.), and 
1.56 (dd, 1, H s - ~ ~ J ~ ,  J,,, = 12 Hz., J3-.ndo.z-rza = 5 Hz.). 


exo -2 - ( N -  Methyl - N-carbomethoxy)amino-exo-5,6-epoxy-7-oxa- 
bicyclo[2.2.l]heptane (XI)--The exo-epoxide, XI, was prepared 
from exo-2-(N-methyl-N-carbomethoxyamino)-7-oxabicyclo[2.2.l]- 
hept-Sene, IX (2), in quantitative yield by the same method as was 
used for X; IR (neat): 3.35 (aliphatic C-H stretching), 5.93 (car- 
bamate C-0 stretching), 6.90, 7.15, 7.47, 8.40, 8.63, 8.73, 9.20, 
9.53, 9.73, 10.02, 10.26, 10.55, 10.80, 11.20, 11.69, 12.05, 12.25, 
12.60, 13.35. 14.20, and 15.69 p ;  NMR (CDCM: 6 4.49 (d, 1, H4, 


Jl.a-era = 5 Hz.), 4.37 (s, 1, HI), H2-anda buried under HI and H4, 3.67 
(s, 3, -OCH3), 3.29 (s, 2, HB-~,,,~~ and W/2 = 2 Hz.), 2.85 
(s, 3, -NCH3), and 1.3@2.00 (m, 2, Hs.rro and H3.en,io). 


endo-2-( N.N-Dimethylamino)-exo-5,6-epoxy-7-oxabicyclo[2.2.1]- 
heptane Methiodide (1V)-endo-Carbamate epoxide, X, 0.12 g. 
(0.64 mmole), dissolved in 5 ml. of anhydrous tetrahydrofuran 
(distilled from calcium hydride), was added dropwise over 3 min. 
t o  a stirring (magnetic) suspension of 50 mg. (1.3 mmoles) of lithium 
aluminum hydride suspended in 50 ml. anhydrous tetrahydro- 
furan. The reaction mixture was stirred a t  room temperature under 
a positive nitrogen pressure for 3 hr. and then refluxed for 30 min. 
before the dropwise addition of 3 ml. of 40% Rochelle salt solution. 
Lithium aluminate was removed by filtration, and the filtrate was 
dried (sodium sulfate) and evaporated. The residue was dissolved 
in 5 ml. of acetone, and 10 drops of iodomethane was added. The 
solution was allowed to stand at  room temperature for 48 hr. The 
crystalline material was removed by filtration (100 mg., 53 2) and 
recrystallized from acetone-methanol, m.p. 190" dec.; IR (KBr): 
3.35 (aliphatic C-H stretching), 6.85, 7.10, 7.27, 7.65, 8.05, 8.40, 
9.19,9.40, 9.80, 10.01, 10.60, 10.95, 11.65, 12.10, and 13.80~; NMR 
(CD,OD): 6 4.73 (m, 3, H z - ~ ~ ~ ,  Hi, Ha), 4.10 (d, 1, Heentlo, 
Jsondo.s-enrlo = 4 Hz.), 3.80 (d, 1, H~-mrlo, J5-sndor6cndo = 4 Hz.1, 3.25 
[s, 9, N+(CH,),], and 2.75-1.60 (m, 2, HS-e,o and H,-endo). 


Aual.--Calc. for CDHlsINOs: C, 36.58; H, 5.43; N, 4.71. Found: 


(CDCI,): 6 4.65 (d, I ,  Hi, Ji,?-oro = 4 Hz.), 4.48 (d, 1 ,  HI, J4, : j -cro 


J2-ezo.~.ends = 4 Hz., Wez0,i = 4 Hz.), 3.70 (s ,  3, -ocH3), 3.40 ( s ,  


C,  36.54; H, 5.52; N, 4.62. 
exo-2-fN.N-Dimethvlamino)-ezo-5,6 - eDoxy - 7 - oxabic~clol2.2.11- . -~ 


heptane Methiodide (V)---The~c,x.o-quaternary salt, V, was obtained 
in 40% yield by the procedure used for IV. It was recrystallized 
from methanol, m.p. 214" dec.; IR (KBr): 3.35 (aliphatic C-H 
stretching), 6.80, 7.30, 7.65, 7.85, 8.10, 8.30, 8.55, 8.90, 9.70, 9.87, 
10.40, 10.85, 11.65, 12.23. 12.57, and 14.47 p ;  NMR (CDaon):  6 
5.12(s, 1, Hl),4.62(d, 1, Ha, J4,~-ero = ~Hz.), 3.58(s, 2, H ~ - ~ ~ d ~ a n d  
H G ~ , , , , ~ ,  W/2 = 3 Hz.), 3.18 [s, 9, N+(CH,),], and 2.25 (m, 2, 
and HG,,,). 


And-Calc. for CsH161N02: C, 36.58; H, 5.43; N, 4.71. Found: 
C, 36.91: H, 5.48; N, 4.88. 
~~do-~-Trimethylammoniumbicyclo[2.2.l]heptane Iodide (VI)--- 


endo-2-Dimethylaminobicyclo[2.2.l]heptane was prepared by the 
method of Bach (21) and converted to V using iodomethane ac- 


cording to Cope et at. (22), m.p. 291 O dec. [lit. (22) m.p. 290" dec.]. 
exo-2-Trimethylammoniumbicyclo[2.2.l]heptane Iodide (VII j- 


exo-2-Aminobicyclo[2.2.l]heptane was prepared by the method of 
Rathke et a/. (23), reductively methylated utilizing formaldehyde 
and formic acid, and converted to VI according to  the method of 
Cope et at. (22), m.p. 297" dec. [lit. (22) m.p. 295" dec.]. 
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Inhibited Dissolution of Drug Crystals by 
Certified Water-Soluble Dyes: In V i m  Effect 


Keyphrases Sulfathiazole dissolution-itr cico inhibition by 
water-soluble dye, man 0 Dissolution, sulfathiazole--it1 ritio 
inhibition by water-soluble dye, man 0 Dyes, water soluble- 
itr cico inhibition of sulfathiazole dissolution, man 


Sir: 


In previous articles, Piccolo and Tawashi (1-4) es- 
tablished the inhibitory effect of low concentrations of 
various water-soluble dyes on the dissolution rate of 
crystalline drugs. The effect of the degree of under- 
saturation, the effect of the nature of the dye, and the 
dependence of the dissolution rate on the dye concen- 
tration in powder systems were confirmed. The re- 
sults obtained were discussed in  the light of preferential 
adsorption of the dye molecules on the primary dissolu- 
tion sources of the crystal surface. Further experiments 
were conducted to determine the influence of F D & C  
Blue No. I on the solubilizing effect by 0.04 M sodium 
cholate, using the sulfathiazole single crystal as a model 
substance. The data obtained showed that a concentra- 
tion of only 5 mcg./ml. of the dye inhibited the dissolu- 
tion rate to a value very close to that in  distilled water 
(3). Since dissolution rate is often a rate-limiting step 
in the absorption of drugs with low aqueous solubility, 


and since micellar solubilization by bile salts plays an 
important role i n  the intestinal absorption of these 
drugs, the results obtained with certified water-soluble 
dyes are extemely interesting i n  relation to the drug ab- 
sorption process. The present study was undertaken to 
examine the effect of F D & C  Blue No. 1 on the absorp- 
tion rate of sulfathiazole in man. Sulfdthiazole Form I 
and F D & C  Blue No. 1 were selected because they 
were tested in uitro previously (1 ,3) .  


Three healthy young adult male human subjects were 
used in this study. One gram of sulfathiazole Form I 
crystals, 40 mesh USP, was suspended in 200 ml. of 
water and administered to each subject. Blood samples 
(0.2 ml., by finger puncture) were withdrawn at 0, 0.5, 
I ,  1.5, 2, 2 .5 ,  3, 4, and 5 hr. following administration. 
After an interval of 1 week, a fresh suspension of I g. of 
sulfathiazole crystals i n  200 ml. of water containing 
10 mcg./ml. of F D & C  Blue No. 1 (total quantity of dye 
is 2 mg.) was prepared and administered. Administra- 
tion was in the morning to  subjects in  the fasting state, 
and no food was ingested until withdrawal of the last 
blood sample (5 hr.). 


The blood samples (0.2 ml.) were diluted with 3 ml. 
of distilled water and precipitated with 0.8 ml. of 20% 
trichloroacetic acid. After centrifugation, the concentra- 
tions of free sulfathiazole were determined by the 
method of Bratton and Marshall ( 5 ) ,  modified to use 2 
ml. of the clear supernate (equal to 0.05 ml. of blood), 
0.2 ml. of 1 % sodium nitrite, 0.2 ml. of 0.5 ammonium 
sulfamate, and 1 ml. of 0.05 N-(I-naphthy1)ethyl- 


Table I --Free Sulfathiazole Blood Concentrations for Three Subjects after Ingestion of 1 g. Oral Doses in the Absence and in the 
Presence of FD&C Blue No. 1 


~~~ ~~ 


_ . ~ -  _- Blood Concentrations, mg./100 ml.---- - ~ - ---- 
-------Subject A------. -- Subject B-- ----Subject C -  - - -- Mean Values-- 
Without With Without With Without With Without With 


Hours Dye DY e Dye Dye Dye Dye Dye Dye 


0 . 5  0 .285  0.116 0.381 0 .  I74 0.254 O.oo0 0.307 0 .097  
1 0.793 0.445 0.841 0.237 0.444 0 .175  0.693 0 .286  
I . 5  0.888 0.889 1.412 0 .365  0.746 0 .635  1.015 0 .630  
2 1 ,349 I ,064 1.412 0 .936  1.047 0.746 1.236 0.915 
2 .5  1.793 0 .873  1 . 1 9 0  0.984 1.206 0 .826  1.396 0 .894  
3 I .555 1.064 I .  I74 1.158 1.270 0.937 1.333 1.053 
4 1.714 1.032 I .  365 1.444 1 . 1 9 0  1.588 1.423 1.355 
5 2.418 1.127 2.016 1.571 1.254 1.635 1.896 1.444 
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Figure I-Blood concentrations of , f ree  sulfafhiazole .following oral 
udministrution of I g .  sullathiazole crystals. Key: 0, in presence of 
FD&C Blue No. I ;  and 0, in absence oJFD&C Blue No. 1. 


enediamine dihydrochloride (6).  Spectrophotometric 
measurements were carried out on the final colored 
solutions at  a wavelength of 543 nm., and comparisons 
were made with an appropriate standard. Blanks pre- 
pared from control blood samples, from each subject, 
were used for appropriate corrections. 


Table I shows blood concentrations of sulfathiazole 
obtained following administration in the absence and 
i n  the presence of Blue No. 1. From these results, it is 
apparent that, in  the first 3 hr., the sulfathiazole con- 
centrations in  the presence of the dye were lower than 
those in  the absence of the dye for all three subjects. 
Figure 1 presents the blood concentration curves as a 
function of time obtained from the mean values pre- 
sented in Table I .  The data obtained in this study are in 
excellent accord with the in D i m  dissolution rate data 
(1, 2). This agreement suggests that such a small con- 
centration of F D & C  Blue No. 1 could delay signifi- 
cantly the absorption of sulfathiazole through dissolu- 
tion inhibition. 


It should be stressed, however, that the limited data 
presented i n  this report on sulfathiazole crystals and 
Blue No. 1 cannot exclude the possibility that other 
dyes can exert similar effects on the absorption of 
crystalline drugs with poor solubility. More extensive 
studies are desirable with regard to absorption kinetics 
in  the presence of certified dyes. 


( 1 )  J. Piccolo and R .  Tawashi, J. Pharni. Sci., 59, 56(1970). 


(2) R.  Tawashi and I. Piccolo, Pharm. Acta Helu., 45, 653(1970). 
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p. 579. 
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Fagaronine, a New Tumor Inhibitor 
Isolated from 
Fugura zanthoxyzoides L a m .  (Rutaceae) 


Keyphrases 0 Fagczru zanthosyloides Lam.-isolation, identifica- 
tion of fagaronine, antiturnor activity 0 Fagaronine-isolation, 
identification from Fqurci zunthoxyloides Lam., antitumor activity 
0 Antitumor activity-fagaronine. isolated from Fagara zanthoxyl- 
oides 0 Medicinal plants-isolation, identification of fagaronine 
from Fagara zanthoxyloides Lam., antitumor activity 


Sir : 


During a phytochemical investigation of Fuguru 
zunrhoxyZoides1, we isolated a new alkaloid for which 
we have assigned the trivial name fagaronine. Fagaron- 
ine has been shown to elicit a high order of activity 
against the P-388 leukemia in mice, giving prolonga- 
tions of life on the order of 265, 210, and 190% T/C at 
doses of 100, 50, and 25 mg./kg., respectively. A com- 
pound is active if it exhibits a T,’C of 2 125 % (1)*. 
Several leukemic mice treated with fagaronine were 
considered as “cures.” 


Fagaronine crystallized as the chloride (from a mix- 
ture of ethyl acetate-methanol) as bright-yellow needles, 
exhibiting m.p. 202” followed by solidification and 
melting again at  25503. A U V  absorption spectrum of 
Amax 233 (log E 4.29), 272 (4.55), 305 (4.44) (sh), and 
328 nm. (4.44) indicated that fagaronine belonged to  the 
benzophenanthridine class of alkaloids; in particular, 
this spectrum resembled that of nitidine (2). The UV 
spectrum of fagaronine in 0.01 N HCI showed no 
change; however, in  0.01 N NaOH, a bathochromic 
shift to  A,,,, 346 nm. (log E 4.31) was observed, suggest- 


I The plant material was collected in Ghana by Mr. 0. B. Dokosi. 
University of Ghana. A vouchcr specimen (SP-280) was identified by 
Mr. Dokosi as F. zarirhoxjloides Lam. (Rutaceae) and is deposited 
in the Herbarium of the Department of  Pharrnacognosy and Phar- 
macology, University of Illinois at thc Medical Centcr. Chicago, 111. 
The roots were the parts used. 


2The antitumor tests were performed through the Drug Research 
and Development Branch, National Cancef Institute, Bethesda, Md. 


3 Details of the isolation of fagaronine wi l l  be published. 
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macy, Drug Information Sources, Poison Control, Radiophar- 
maceuticals, Plastics and Medication (Plastics and Medication ?). 
We’re into it now, reading it page by page (my tongue runs dry on 
page 1053). . .it’s over, we sit back to consider. What was that 
Promise of the Preface’? “Emphasis toward the new concept of 
clinical practice”’? Where’! I must have missed it. And then (with 
few exceptions) it is painfully clear that I did not miss it, it is 
missing. Once again the pharmaceutical sciences with all their 
glorious graphs and equations have reigned supreme. Once again 
the student or the practitioner is carried into the ad nauseum de- 
tails of the kinetics of solution, the trivia of comminution, the 
despair of the soft gelatin capsule machine, the whimper of the 
dying mesophilic anaerobic spore former. Indeed the majority of 
the chapters satisfy more the needs of the mediocre pharmaceutical 
scientist (or manufacturer) than the clinical pharmacist. Even the 
priorities appear to have gone awry. Patient medication profiles 
are mentioned briefly, drug distribution systems are given only a 
few pages, and how-to-do-it information is almost totally absent. 
A grand total of 99 pages is devoted to  hospital and community 
pharmacy, whereas Plastics gets 64 pages and Incompatibilities 
gets 108. 


Perhaps most distressing of all are some of the chapters devoted 
to dispensing and the functions of the pharmacist. One wonders 
where some of the authors have been for the last several years. For 
example, one author suggests that the pharmacist should enthusi- 
astically endorse the medications dispensed so that even inefficacious 
medications will have a placebo effect. He ignores (or perhaps has 
not considered) the fact that in so doing the pharmacist is aiding 
and abetting shoddy prescribing habits and contributing to  the 
nation’s drug abuse problems-a role somewhat inconsistent with 
his or her obligations to the patient. The same author goes on t o  
state that the “confidence of the physician in a specific course of 
treatment may greatly contribute to the therapeutic benefits, and 
the pharmacist must therefore be careful in his comments to  the 
physician regarding such matters.” Musn’t tamper with that su- 
preme confidence of the physician which enables him to prescribe 
lousy medication. Such statements as these in  a textbook which 
promised to explore the new directions of clinical practice make one 
take pause. Another author states that “(information on drugs) is 
to be given to professional men and (is) never (to be) used for the 
purpose of ‘counter prescribing’ by the pharmacist, or to  encourage 
self medication.” In an age when the American public avidly awaits 
the next drug article in Ladies’ Home Journal, and gluts itself on 
inefficacious T.V.-pushed OTC drugs the pharmacist is advised not 
to discuss drugs with his patients, or to use the information for 
“counter prescribing” (dirty, dirty word). 


Where did you go, you “Promise of the Preface”? 
In brief, Dispensing of Medication differs little from traditional 


dispensing texts which attempt to bite off too much. Its chapters 
range from excellent to trash. The vast majority of the topics 
(worth printing) should more suitably appear in other texts devoted 
to pharmaceutics, physical pharmacy, or pharmaceutical tech- 
nology. 


Reviewed by Robert L. Day 
Associate Dean for Professional Affairs 
University of California School of Pharmacy 
Sail Fraircisco, CA 94122 


Search for New Drugs, Volume 6, Medicinal Research Series. Edited 
by ALAN A. RUBIN. Marcel Dekker, Inc., 95 Madison Ave., 
NewYork,NY 10016,1972.x+452pp. 16X24cm.  PriceS19.50. 
After exhausting available means to achieve a specific goal, it is 


appropriate to recall certain cliches such as “back to the drawing 
board” or “step back and take another look.” The contributors to 
this sixth volume of a series have “stepped back” and sketched a 
broad overview of certain familiar fields in which clinical progress 
has been slow. While there are leading references to original re- 
search articles as well as to reviews and summaries, the monograph 
is not intended to serve as a fully documented survey of research. 
As stated in the preface, “lts central theme defines areas of method- 


ological and conceptual importance intended to assist investigators 
in their search for new drugs.” 


The first three chapters, which occupy half of the book, deal with 
the familiar fields: anti-inflammatory, antipeptic ulcer, and psy- 
chotropic drugs. In general, each of these chapters begins with a 
discussion of the clinical aspects of the disease and the available 
drug therapy. Then follows a cursory view of the methodology 
utilized in the evaluation of new drugs. The etiological factors in 
the disease are viewed as essential prerequisites to a rational ap- 
proach to  drug treatment and prevention. The chapter ends on a 
note of future needs and drug designs. 


The next four chapters deal with areas that appear to be on the 
threshold of new drug development: drugs affecting 8-adrenergic 
receptors, drugs affecting atherosclerosis, the interferon system, 
and antithrombotic and thrombolytic drugs. Here, past discoveries 
are related to current work and hopes oft he future. 


The last two chapters summarize currmt developments and offer 
suggestions of future potential in the re\atively new fields of aging 
and memory. 


The book should find an interested audience among medicinal 
chemists and pharmacologists. 


Reoiewed by C.  M. Darling 
School ofPharmacy 
Auburn University 
Auburn, AL 36830 I 


Legal Medicine Annual: 1971. Edited by CYRIL H. WECHT. Ap- 
pleton-Century Crofts, 440 Park Ave. South, New York, NY 
10016,1971. xii + 480 pp. 17 X 24 cm. 
The third volume in this series contains 22 chapters on relevant 


medical-legal subjects. Topics discussrd in this volume include 
forensic pathology, medical malpractice, forensic psychiatry, 
medical-legal education and research, environmental controls, 
drug abuse, legal ramifications in the clinical practice of medicine, 
and criminalistics. 
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Comparative Depressant Activity and Interaction of 
Ethanol and Pentobarbital in Goldfish 


EMMETT S. MANLEY, Jr:, and JOHN BELOTE* 


Abstract 0 Overturn as produced in goldfish by various concentra- 
tions of ethanol and/or sodium pentobarbital was studied in 
tromethamine-buffered solutions at  pH 7.1 and a solution tempera- 
ture of 23". The results indicate that ethanol and pentobarbital 
interact in an additive manner to produce overturn. Tolerance or 
cross-tolerance was not observed, with one exception, when fish 
maintained in low concentrations of ethanol or pentobarbital for 
48 hr. were tested against two concentrations of the same drug or 
the opposite drug. Determination of the ratio of death time/over- 
turn time for the two agents indicates a greater margin of safety 
for ethanol than for pentobarbital. 


Keyphrases 0 Goldfish-comparative depressant (overturn) 
activity of ethanol and pentobarbital in tromethamine 0 Ethanol 
depressant activity-goldfish overturn, compared to pentobarbital 
0 Pentobarbital, sodium, depressant activity-goldfish overturn, 
compared to ethanol 0 CNS depression-ethanol and pentobarbi- 
tal in goldfish 


Numerous reports concerned with the CNS depres- 
sant effect of ethanol or barbiturates on goldfish have 
appeared in the recent literature (1-4). However, the 
nature of the pharmacological relationship existing 
with combinations of the two types of agents in this 
species has not been reported. It is widely believed 
among the lay and professional public alike that ethanol 
and barbiturates possess supraadditive CNS depressant 
effects when both are present in a biological system. 
Support for a supraadditive interaction has appeared 
in the literature (5-8); however, the results of other 
studies indicate that only an additive relationship ex- 
ists between the two types of CNS depressants (9-12). 


The primary purpose of this investigation was to  
deterniine the nature of the pharmacological inter- 
action of ethanol with a short-acting barbiturate, pento- 
barbital, utilizing overturn as an end-point indicative 
of CNS depression in the goldfish. Secondary objec- 
tives were to study tolerance and margin of safety as 
additional comparative characteristics of the two drugs 
in this species. 


METHODS 


A population of 120 goldfish, Curussius nuratus, purchased in a 
single lot from a local pet supplier and weighing 3.5-7 g., was eni- 
ployed in this study. The fish were housed in tanks of aerated tap 
water thermostatically controlled at  23". Overturn time and death 
time determinations similar to those employed by other workers 
(2-4, 13) were utilized as end-points for quantitating pharma- 
cological activity. Overturn was judged to have occurred when one 
could turn the fish completely over with a glass rod without re- 
sistance; cessation of mouth, gill. and fin movements was consid- 
ered indicative of death. 


All experiments were conducted at  23" in 0.05 M tromethaniine 
buffer' adjusted with hydrochloric acid to pH 7.1. Preliminary ex- 


I Fisher Scientific Co. 


perinients and the results from other studies ( I ,  2) prove that tro- 
methamine is pharmacologically inert in such a system. A pH of 
7.1 was selected because pentobarbital (pKa 8.1) exists 90% in the 
readily absorbable unionized form at this pH. The activity of ethanol, 
a nonionizable substance, has been shown to be unaffected by pH 
changes (1). 


Experiments were performed by placing individual fish in 200 
ml. of the test solution in 250-ml. capacity beakers until overturn 
or death ensued. Following overturn time determinations, the fish 
were placed in a recovery tank. All test solutions were used only 
once, and all end-point determinations were made by the same 
individual. Although overturn-tested fish were subsequently re- 
used, all fish were allowed a minimum of 72 hr. for recovery; the 
results of Gibaldi and Nightingale (4) indicate that a recovery 
period of 18 hr. is adequate. 


The investigation was divided into three phases: (a) interaction 
studies, (b) tolerance studies, and ( c )  toxicity studies. 


Pharmacological Interaction between Ethanol and Pentobarbital- 
The method employed to determine the nature of the interaction 
between ethanol and pentobarbital was suggested by Gaddum (14) 
and is based upon the extensive work of Loewe (1 5) .  


By applying this method, overturn times produced by selected 
doses (concentrations) of ethanol and pentobarbital alone were 
compared with the overturn times produced by combining one-half 
of the selected dose of each drug. The concentrations selected were 
taken from two activity levels on the experimentally determined 
dose-activity plots (Figs. 1 and 2). With both drugs the concentra- 
tions predicted to provide depressant activity represented by over- 
turn times of 10 min. (I/overturn time = 0.1) and 20 min. (l/over- 
turn time = 0.05) were utilized. Actual overturn times for these 
concentrations were then experimentally determined, and the re- 
sults were averaged for ethanol and pentobarbital at each of the 
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Figure 1-Rrciprocul ploi o.f ocerturil ri i iw (see Table 1) us n ,froictioii 
of peiitobnrbitnl coiiceiliruiioil ( p  H 7.1, rri~ii~errrtrrrr 23"). This plot 
W N S  iriilizrd to obtuiii iiie coiIccwirLrrioils of' peiitobrrrbiiril predicted 
to proride the lecrls of uciirity (owriiirii riiiie) srleeted for the 
peiitobarbitul-etlruiiol iuterrrctioil sriidy. Key:  predicted owrturii 
titile coiiceiiirutioii-I0 m i i i . ,  24.5 riig. %; uiid 20 miit., 16.0 trig. %. 
0 = Illeut1. 
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Table 11-comparison of Overturn Times Produced by 
Pentobarbital or Ethanol Alone with Those Produced by 
Predicted Equipotent Combinations of the Two Drugs 


Pre- 
dicted 


Num- Over- Actual 


7- -~ 


1.0 2.0 3.0 
ETHANOL CONCENTRATION, % v/v 


Figure 2-reciprocal plot of ooerturn time (see Table I )  as a functioti 
of ethanol concetitration (pH 7.1, temperature 23"). This plot was 
utilized to obtain the coiiceiitratiotis of ethanol predicted to provide 
the leaels of activity (overturn time) selected for the pentobarbital- 
ethanol rtiteractiori study. Key: predicted overturn time coticentra- 
tion-I0 min., 2.5%;; and 20 miti., 1.3%. 0 = mean. 


two points. These values, which were essentially identical to the 
predicted values, served as controls for the overturn times produced 
by the drug mixtures. Comparisons were made employing Student's 
t test, with a p value of 0.05 or less accepted as indicative of real 
difference. 


If the overturn time produced by the ethanol-pentobarbital mix- 
ture was shown to be shorter than the average of the two drugs 
alone, one could state that a supraadditive drug interaction was 
involved; if the effect did not differ from control, then an additive 
relationship was present; and if the overturn time of the drug com- 
bination was longer than the average of the two drugs alone, then 
some form of negative synergism or antagonism was demonstrated. 


Tolerance Studies-These studies utilized 48-52 hr. of exposure 
of fish to either 0.1 z ethanol or 1 mg./100 ml. pentobarbital con- 
centration in 0.02 M tromethamine buffer adjusted to pH 7.1. Pre- 
liminary experiments indicated that no discernible depression was 
produced by these concentrations whereas slightly higher con- 
centrations, while not producing overturn, did produce a state of 
sluggishness. Following the 2-day exposure period, the fish were 
then tested against one of two doses of either ethanol or pento- 
barbital to ascertain whether such exposure would produce toler- 
ance and/or cross-tolerance. 


Toxicity Studies-These studies were performed to determine the 
ratio of death time/overturn time for each of the two drugs. Over- 
turn and death were produced at  three dose levels with each of the 
drugs, and an average ratio for each drug was calculated. 


RESULTS AND DISCUSSION 


Initial experiments were conducted to determine dose-activity 
plots with both test drugs. With pentobarbital (Fig. 1) and with 
ethanol (Fig. 2). relatively linear relationships were established when 
the concentration of each drug was plotted against the reciprocal of 
the overturn time produced. These results and those in Table I 
closely resemble those obtained by other workers (4, 13); the slight 
differences are probably due to difference in the pH or tempera- 


Table I-Overturn Times Produced by Progressive 
Concentrations of Either Sodium Pentobarbital or Ethanol 


Drug and Number Overturn Time l/Overturn 
Concentration of Fish i SE, min. Time 


Pentobarbital : 
10 mg. Z 5 33.04 i 2.05 
20 m g . z  5 19.21 i 0.80 
30 m g . 2  5 6.99 =k 0.24 
40 mg. 5 5.68 i 0.24 


5 4.06 i 0.48 


10 25.44 f 2.10 
10 12.93 f 0.72 
10 8.10 i 0.39 


0.0302 
0.0521 
0.1430 
0,1764 
0.2463 


0.0393 
0.0774 
0.1231 


ber turn Overturn 
of Time, Time 


Drug and Concentration Fish min. fSE, min. 


High dose levels : 
A. Pentobarbital, 24.5 mg.% 10 10.0 9.77 =k 0.57 
B. Ethanol, 2 .5  z 10 10.0 9 . 8 8 k 0 . 7 2  
C.  Average of A and B 20 10.0 9 . 8 2 f 0 . 4 5  
D. Pentobarbital, 12.25 mg. x, 10 10.0 8.84 f 0.54 


plus ethanol, 1 .25  % 
t test for difference between C and D: p >O.  10 (ns.)  
Low dose levels : 


E. Pentobarbital, 16.0 m g . z  10 20.0 18.25 i 1.45 
F. Ethanol, 1 . 3  % 10 20.0 1 9 . 2 6 4 ~  1.68 
G. Average of E and F 20 20.0 1 8 . 7 5 k  1.08 
H. Pentobarbital, 8.0 mg.Z, 10 20.0 16.97 f 1.21 


plus ethanol, 0 . 6 5 % -  ' .  
t test for difference between G and H: p >O.  10 (n.s.) 


ture of the drug solutions or to the exact nature of the end-point 
employed. Several other groups of fish were exposed to  higher con- 
centrations of ethanol, and it was observed that concentrations 
greater than 4% produced overturn more rapidly than would be 
predicted by extrapolation of the results obtained with 1 , 2 ,  and 3 
ethanol. Similar modification of the ethanol dose-activity plot was 
reported by Gibaldi and Nightingale (4). 


The primary purpose of the dose-activity plots was to allow selec- 
tion of equipotent concentrations of the two drugs for utilization 
in the ethanol-pentobarbital interaction phase of the investigation. 
From these plots, an overturn time of 10 min. (I/overturn time = 
0.1) was predicted for 2.5% ethanol or 24.5 mg.% pentobarbital, 
and an  overturn time of 20 min. (I/overturn time = 0.05) was pre- 
dicted for 1.3 2 ethanol or 16.0 mg. % pentobarbital (Figs. 1 and 2). 
Each of the four concentrations was then tested, and the resulting 
overturn times were found to be close to  the predicted value. When 
the predicted 10-min. overturn time concentrations of ethanol and 
pentobarbital were averaged, a value of 9.82 min. resulted; a value 
of 18.75 min. was obtained for the average of the two concentrations 
predicted to provide the 20-min. overturn time (Table 11). As can 
be seen, the results obtained using mixtures of one-half the con- 
centration of each drug provided overturn times that were not sig- 
nificantly different from the average of the two drugs used separately. 
Consequently, it appears that, in this study, ethanol and pentobar- 
bital demonstrate an additive relationship in terms of their pharma- 
cological characteristics responsible for overturn production (pre- 
sumably CNS depression). 


Our conclusion is in agreement with that of Graham ( I I ) ,  who 
found that the combinations of ethanol and pentobarbital required to 
produce 5 0 2  lethality in mice followed an  isobole constructed be- 
tween the LDj0 dose of either drug alone, thus indicating an addi- 
tive interaction. In a recent study, Gebhart ct al. (12) employed 
combinations of one-half paralyzing doses (l /* PDx) of ethanol and 
phenobarbital in mice and were able to demonstrate only an  addi- 
tive relationship between the two agents. As mentioned in the review 
by Veldstra (lo), earlier workers who reported supraadditive inter- 
actions probably did so because of experimental designs that did 
not include appropriate selection of doses nor a consideration of the 
drugs' varying onsets of activity and peak times of effect. 


Table III presents the results obtained when fish that had been 
maintained for 2 days in low concentrations of either ethanol or 
pentobarbital were then subjected to overturn time determinations. 
Tolerance was observed only in the experimental group exposed to 
ethanol and tested against the low concentration of ethanol. In 
no case could cross-tolerance (from ethanol to pentobarbital or 
vice versa) be demonstrated. Indeed, the pentobarbital-exposed fish 
tested against 16 mg. pentobarbital were shown to overturn sooner 
(higher reciprocal value) than the control fish. However, one should 
recognize the fact that this apparent sensitivity may be explained by 
a partial, undetectable response of the fish to the maintenance con- 
centration of pentobarbital and may not represent true sensitivity. 
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Table 111-Overturn Time Determinations in Fish Maintained in Solutions of Sodium Pentobarbital or Ethanol for 48 hr. 
~~~ 


,--- 


c Sodium Pentobarbital- Ethanol- 
Agent and Concentration Employed to  Produce Overturw 


Treatment 24.5 mg.% 16 m3.x 2.5% 1 . 3 x  


Control 
Pentobarbital 


exposed6 
Ethanol 


exposedd 


10.40 i 0.53 (20) 18.40 f 0.89 (20) 9.80 + 0.50(20) 19.26 + 1.68 (10) 
11.92 f l.OO(10) 8.57 + 0.57 (10) 18.32 + 1.13 (8) 13.51 f 1.02(10)  


10.67 i 0.54 (9) 17.20 f 1 . 1 5  (10) 10.93 =k 0.96 (10) 25.28 f 1.7OC(10) 


.,All results are expressed as overturn time, in minutes, * SE (numbef of fish). b 48 hr. in sodium pentobarbital, 1 mg./lOO ml. of 0.02 M trometh- 
amine. c Significantly different from control value at 0.05 level. d 48 hr. in ethanol, 0.1 % v/v in 0.02 M tromethamine. 


The fact that tolerance was not demonstrated, with one excep- 
tion, under the conditions employed does not preclude the possi- 
bility that tolerance or cross-tolerance could be shown if more 
prolonged exposure periods or higher exposure concentrations of 
the two drugs were employed. 


The lack of apparent pharmacological effect at  low concentra- 
tions of ethanol (0.Ix) and pentobarbital (1 mg .x )  and the fact 
that the plots shown in Figs. 1 and 2 cannot be extrapolated through 
the origin indicate that a critical concentration must be exceeded if a 
pharmacological effect is to be elicited. This finding is in agreement 
with the work of Nightingale and Gibaldi (16) and Nightingale 


Although a study of recovery time following overturn with the 
two drugs was not an objective of this investigation, it was con- 
sistently observed that the ethanol-treated fish recovered more 
rapidly from overturn than did the pentobarbital-treated fish and 
that many more inadvertent deaths occurred in the pentobarbital- 
treated groups during the recovery periods. For these reasons, a 
study was undertaken to determine the margin of safety between 
the exposure time required to produce overturn and that required 
for death with several concentrations of each drug. This margin was 
quantitated as the ratio between death time and overturn and as 
such is similar to the standard pharmacological calculation of a 
“therapeutic index” ( 1  8). Overturn could be considered analogous 
to the loss of righting end-point employed to study CNS depressants 
in laboratory mammals. 


As seen in Table IV, the margin of safety (death tirne/overturn 
time ratio) is consistently greater with ethanol than with pento- 
barbital or, stated in another manner, the pentobarbital fish are 


(17). 


Table IV-Determination of Ratio of Death Time/Overturn 
Time for Pentobarbital and Ethanol in the Goldfish 
- ~~~~~ ~ 


Death 
Time/ 


Concentration Overturn Timeri Death Timen Time 
Drug and Overturn 


Pentobarbital: 
16.0 mg.% 18.55(10) 84.12(10) 4.54 
24.5 me.8 11.03 (10) 50.77 (10) 4.54 
33.5 mi.% 8.35 (ioj  40.33 (ioj 5.20 


Average of three dose levels = 4.76 
Ethanol 


2 .5% 
3 . 7 z  
4 . 9 x  


9.73 (10) 71.38(7*) 7.35 
4.43 (10) 41.30(10) 9.30 
3.16 (10) 20.57 (10) 6.50 


Average of three dose levels = 7.72 
~~ 


Q Results expressed in minutes (number of fish). b Three fish did not 
die (6-hr. observation). 


nearer death at a given level of CNS depression (overturn) than are 
the ethanol fish. Notice that at  equivalent overturn time concentra- 
tions (24.5 mg.% for pentobarbital, 2.5% for ethanol) it was im- 
possible to kill all of the fish with ethanol and those that did die 
survived approximately 4 0 x  longer than did pentobarbital fish 
which turned over at  approximately the same time. Efforts were 
also made to obtain a death time/overturn time ratio with a 1.3% 
concentration of ethanol, but no fish died in the 6-hr. observation 
period, although overturn was produced a t  approximately the same 
point in time as with pentobarbital, 16 m g . z ,  which did produce 
100% fatalities. 
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Natural Coumarins V: Isolation of Xanthalin and a 
New Pyranocoumarin, Peuarenine, from Peucedanurn arenarium W.K. 


A. ZHELEVA*, T. 0. SOINEt., and L. BUBEVA-IVANOVA* 


Abstract 0 Identification of xanthalin (3’,4’-diangeloxy-3’,4’- 
dihydroxanthyletin) as one of the three coumarins obtained from 
Peucedrmrrm ureiiririur~7 W.K. is provided by direct comparison. 
Peuarenarine, m.p. 114-1 16”, and peuarenine, m.p. 192-194”, have 
been shown to be diesters corresponding to 3’-angeloxy-4’-2,3- 
epoxy-2-niethylbutyroxy-3’.4’-dihydroxanthyletin and 3’,4’-di-2.3- 
epoxy-2-methylbutyroxy-3’,4’-dihydroxanthyletin, respectively, by 
spectral and chemical procedures. A cis-relationship of the two ad- 
jacent acyloxy functions in all three cases is suggested on the basis 
of previous NMR studies by others on closely related compounds. 


Key phrases 0 Peucedanum arenarim-isolation of xanthalin and 
peuarenine 0 Xanthalin-isolated from Peucedanum arenarium 0 
Peuarenine- -isolated from Peucedmrrm arenarirtm 0 Coumarins, 
natural--isolation of xanthalin and peuarenine from Peucedanum 
arenarirrm 


Previously (1, 2), it was reported that three diesters of 
isokhellactone (I) (3’,4’-dihydroxy-3’,4’-dihydrox- 
anthyletin) were isolated from fruits and roots of Peu- 
cedunum ureiiarium W.K. l. 


DISCUSSION 


One of these (coumarin 3, m.p. 113-115”) showed the presence of 
two angelate moieties [i.e., two doublets at 6 1.85 and 2.07 (6H each) 
and a broad inultiplet at  6 6.10 (2H)] in its NMR spectrum and has 
been identified as xanthalin (II), first isolated in 1968 from Xuntko- 
gulron purprrre1o~7 by Sokolova e/ a/. (3), throughmixed melting point, 
UV, IR. and N M R  spectral comparisons with an authentic sample. 
The previously observed discrepancy in specific rotation { [a]z5 -92” 
(C 0.97, ethanol) for coumarin 3 and [a]?,” - 164.2” (c 0.97, ethanol) 
for  I I  (4) ;  appears to be due to instrumental differencesz. A similar 
consideration. together with differing solvents, undoubtedly ac- 
counts for the observed differences i n  specific rotations of the sa- 
ponification products of the two substances in dioxane ( the diol ob- 
tained from 11 was reported (4) to have m.p. 213-215”, [&” 0” (c 
0.13, ethanol), whereas the product obtained from coumarin 3 under 
the same conditions has m.p. 217-219”, [a]?-21.5’ (c 0.20, pyri- 
dine)]. The identity of coumarin 3 with 11, therefore, seems well 
established. 


Peuarenarine [coumarin 1. m.p. 114-116” (2)] was obviously new; 
and while the respective placements of the two acyl components on 
the isokhellactone skeleton had not been established, it was known 
that these moieties were derived from angelic acid and 2,3-epoxy-2- 
methylbutyric acid, respectively. The present work takes advantage 
of the well-known facts (5-8) that the ester moiety at the benzylic 
4’-position is more labile than the 3’-ester moiety and that it under- 
goes eventual replacement by an alkoxy group derived from the 
alcoholic fixed base employed for saponification. Thus, a 20-sec. 
saponification of peuarenarine in 0.5 N methanolic KOH provided, 


- 


1 This plant material was gathered and identified by P. Savtchev and 
A. Mytrcv, Chcniical Pliarinaccutical Research Institute, Sofia, Bulgaria, 
the collection bcing made on the seaside sands of the Bulgarian coast. 
The plant is also designated as P .  arenuriurn var. areriarirrm and is 
endcmic to the Balkan peninsula, being found only in Albania, Yugo- 
s l a v ~ ~ ,  and Bulgztria. “Flora Europaca,” T. G. Tutin and W. H. Hey- 
wood, Eds., Cambridge, England, 1968, p. 361: “Flora Bulgarica,” 
part 11, N .  Stojanov, B. Stefanov, and B. Kitanov, Eds., Sofia, Bulgaria, 
1967, p. 804. 


? When measured on a “Roussel-Jouan” electron polarimeter in 
chloroform, the specific rotations were [& -92.5” (c 0.24) for 11 and 


-93.1” (c 0.26) for coumarin 3 .  


I: R l = R 2 = H  
CHI 
I 


0 CHa 


cia chromatography on acidic alumina, a product, C Z ~ H Z ~ O ~ ,  m.p. 
83-85”, [a]%’ -83.5” (c 0.28, CHC13). The NMR spectrum of this 
product showed the usual multiplet pattern and integration for the 
vinyl and methyl protons of a single angelate moiety and a signal 
at  6 3.60 (3H), characteristic of the OCH, group. Experiments with 
I1 under the same conditions provided a substance that was identical 
to that obtained from peuarenarine; therefore, the structure of the 
latter is correctly represented as IV. 


The third coumarin (coumarin 2, m.p. 192-194”, [a]Z5 +51.12” 
(c 0.26, CHCI,)} showed the common nuclear and gem-dimethyl 
group NMR spectral characteristics of the isokhellactone skeleton 
except for the signals attributable to the two acyl groups. The latter 
signals indicated through their character and intensity that rwo 2,3- 
epoxy-2-methylbutyric acid moieties were present. By using pyri- 
dine as a solvent, two doublets at  6 1.27 and 1.52 (3H each, J = 5.5 
Hz.) due to methyl groups adjacent to a proton were observed. 
Quartets, arising from the methine protons, overlapped to  give a 
quintet (2H) at  6 3.07 ( J  = 5.5 Hz.). Besides these signals, singlets at  
6 1.68 (3H) and 1.49 (3H), characteristic of the two isolated methyl 
groups, were observed. This new compound, for which the name 
“peuarenine” is proposed, was thus shown to  be the diester (V) of 
isokhellactone and 2,3-epoxy-2-methylbutyric acid. The coupling 
constants of the protons at  the 3’- and 4-’positions ( J  = 4 Hz.) of 
the three coumarins under consideration indicate that they are cis- 
diesters, since the studies of El-Antably (9) showed that synthetic 
cis-diesters of isokhellactone have J = 4 Hz. and trans-diesters have 
J = 6 Hz., regardless of the character of the acylating moiety. 


The configurational assignment of the glycol obtained by saponi- 
fication was also arrived at through the El-Antably study (9), even 
though there is the distinct possibility of epimerization at  the 4’- 
position based on the mechanism of the reaction. As a consequence, 
even though the diester being saponified was cis, the diol obtained by 
the usual isolation techniques could well be the one least soluble (or 
more easily crystallized) and the other could be disposed of, in- 
advertently, in the mother liquors. The synthetic diols showed a wide 
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Table I-NMR Signals of 3’- and 4’-Protonsa 


H C Po 
H ,c oc H. CH: 


H S po 
/ 


I H  
CH b (6) 


OCHJ cnJ 
/ Methyl- ococ=c, 


H ,c 
ococ=c 


I in VI in VI in I ‘H khellac- 
I1 IV V Pyridine I11 Benzene Pyridine C K  (10) tone (1 1) 


Ha’ 5.53 5.41 5.41 4.05 5.38 3.86 3.88 5.27 3.51 5.20 


H1’ 6.35 6.31 6.31 5.17 4.41 4.37 4.48 4.49 4.56 4.50 
(8 Hz.) (8 Hz.) (3 .5  Hz.) (2 Hz.) 


a Unless otherwise stated, the spectra were determined in CDCL. Unless otherwise stated, J V . ~ ,  = 4 Hz. Figures for chemical shifts are in d 
units. 


variation, in dimethyl sulfoxide-d6, in coupling constant for the cis- 
forms (J = 4 Hz.) and rrans-forms (J = 9 Hz.); therefore, the diol 
isolated in these studies (2) is apparently the cis-diol. 


The coupling constant for the 3’- and 4‘-protons of the well- 
known (4) trans-methylisokhellactone (VI) isolated following sapon- 
ification of peuarenine with methanolic fixed base for 5 min. was 8 
Hz. 


The chemical shifts for the 3’- and 4’-protons of the compounds 
reported herein (Table I) are in complete accord with those reported 
in the literature for the angular isomeric coumarins (6, 10, 1 l)3. The 
mass spectra of the three coumarins provided molecular ions sup- 
porting the structural assignments, and the fragmentation patterns 
were quite similar to those of related compounds (10, 13). 


This work on the fruits and roots of P .  arenarium W.K. shows that 
certain biogenetically related coumarin derivatives, representing 
basically diesters of the isokhellactone structure, are linear isomers 
of the corresponding angular pyranocoumarins isolated from Laser- 
pitium archangelica Wulf. by Bohlmann and Thefeld (10). It is prob- 
able that the isolation of additional new coumarins of the linear 
series will occur in  the future and will parallel similar developments 
in the discovery of new coumarins in the angular series derived from 
khellactone ( i e . ,  3’,4’-dihydroxy-3 ’,4’-dihydroseselin). 


EXPERIMENTAL‘ 
Treatment of Xanthalin with Methanolic Potassium Hydroxide- 


A solution of xanthalin (1 g.) in methanol (200 ml.) was mixed with 
200 ml. of 1 N methanolic potassium hydroxide, left at  room tem- 
perature for 2 min., and then acidified with 1 N sulfuric acid. Upon 
standing for 45 min., loo0 ml. of water was added and the mixture 
was extracted thoroughly with chloroform. The chloroform ex- 
tract was dried with anhydrous sodium sulfate and evaporated; the 
residue was chromatographed on a column of acid alumina ( 1  5 g.), 
with 100-ml. fractions of petroleum ether eluant being collected. 
Fractions 1-6 yielded 0.20 g. of 3’-angeloyl-4’-methoxy-3’,4’-di- 
hydroxanthyletin, m.p. 82-85”, -84.13”(~0.21, CHC13). 


Treatment of Peuarenarine with Methanolic Potassium Hy- 
droxide-A solution of peuarenarine (3 8.) in methanol (500 ml.) 


was mixed with 300 ml. of 0.5 N potassium hydroxide and left at  
room temperature for 20 sec. The reaction mixture was acidified 
with 1 N sulfuric acid, allowed to  stand for 45 min., and then diluted 
with loo0 ml. ofwater.The diluted mixturewas extractedwith chloro- 
form, and the chloroform extract was dried (anhydrous sodium 
sulfate); the residue from evaporation of the chloroform was chro- 
matographed on acid alumina (30 g.), using petroleum ether as the 
eluant and collecting 100-ml. fractions. Fractions 1-8 yielded 0.81 
g. of a product, m.p. 83-85’, [a];’ -83.5” (c0.28, C H C Q  A mixed 
melting point with the product from the previous experiment failed 
to show depression. 
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(12) which indicated an inverse relationship for Compounds 2, 3, 4, and 8 
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Savina, and G.  P. Syrova., Khim. Prir. Soedin., 1971,712. 


4 Melting points were determined on a Bogtius micromelting-point 
apparatus checked for accuracy against a set of standard samples. IR 
spectra were determined in mineral oil on a UR-10 spectrophotometer, 
and UV spectra were determined on a Unicam SP-700 spectrophotom- 
eter. NMR spectra were determined on a JOEL JNM-C-605 (60 MHz.) 
spectrometer. Values of [ a ] ~  were determined on an Electron Polarimeter 
“Roussel-Jouan.” Mass spectra were obtained on a Hitachi Perkin- 
Elmer RMU-6D spectrometer. The source temperature was 250”, ex- 
cept for xanthalin which required 150°, and the ionizing voltage in all 
cases was 70 ev. “Acid alumina” refers to aluminum oxide for chromato- 
graphic adsorption analysis Corresponding to Brockmann (11) acid. 
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Figure I-Blood concentrations of , f ree  sulfafhiazole .following oral 
udministrution of I g .  sullathiazole crystals. Key: 0, in presence of 
FD&C Blue No. I ;  and 0, in absence oJFD&C Blue No. 1. 


enediamine dihydrochloride (6).  Spectrophotometric 
measurements were carried out on the final colored 
solutions at  a wavelength of 543 nm., and comparisons 
were made with an appropriate standard. Blanks pre- 
pared from control blood samples, from each subject, 
were used for appropriate corrections. 


Table I shows blood concentrations of sulfathiazole 
obtained following administration in the absence and 
i n  the presence of Blue No. 1. From these results, it is 
apparent that, in  the first 3 hr., the sulfathiazole con- 
centrations in  the presence of the dye were lower than 
those in  the absence of the dye for all three subjects. 
Figure 1 presents the blood concentration curves as a 
function of time obtained from the mean values pre- 
sented in Table I .  The data obtained in this study are in 
excellent accord with the in D i m  dissolution rate data 
(1, 2). This agreement suggests that such a small con- 
centration of F D & C  Blue No. 1 could delay signifi- 
cantly the absorption of sulfathiazole through dissolu- 
tion inhibition. 


It should be stressed, however, that the limited data 
presented i n  this report on sulfathiazole crystals and 
Blue No. 1 cannot exclude the possibility that other 
dyes can exert similar effects on the absorption of 
crystalline drugs with poor solubility. More extensive 
studies are desirable with regard to absorption kinetics 
in  the presence of certified dyes. 


( 1 )  J. Piccolo and R .  Tawashi, J. Pharni. Sci., 59, 56(1970). 


(2) R.  Tawashi and I. Piccolo, Pharm. Acta Helu., 45, 653(1970). 
(3) J. Piccolo and R. Tawashi, J.  Pliarm. Sci., 60, 59(1971). 
(4) Ibid., 60, 1818(1971). 
( 5 )  A. C. Bratton and E. K. Marshall, J. Biol. Chem., 128, 


537( 1939). 
(6) H. Varley, “Practical Clinical Biochemistry,” 2nd ed., 


William Heinemann Medical Books Ltd., London, England, 1960, 
p. 579. 
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Fagaronine, a New Tumor Inhibitor 
Isolated from 
Fugura zanthoxyzoides L a m .  (Rutaceae) 


Keyphrases 0 Fagczru zanthosyloides Lam.-isolation, identifica- 
tion of fagaronine, antiturnor activity 0 Fagaronine-isolation, 
identification from Fqurci zunthoxyloides Lam., antitumor activity 
0 Antitumor activity-fagaronine. isolated from Fagara zanthoxyl- 
oides 0 Medicinal plants-isolation, identification of fagaronine 
from Fagara zanthoxyloides Lam., antitumor activity 


Sir : 


During a phytochemical investigation of Fuguru 
zunrhoxyZoides1, we isolated a new alkaloid for which 
we have assigned the trivial name fagaronine. Fagaron- 
ine has been shown to elicit a high order of activity 
against the P-388 leukemia in mice, giving prolonga- 
tions of life on the order of 265, 210, and 190% T/C at 
doses of 100, 50, and 25 mg./kg., respectively. A com- 
pound is active if it exhibits a T,’C of 2 125 % (1)*. 
Several leukemic mice treated with fagaronine were 
considered as “cures.” 


Fagaronine crystallized as the chloride (from a mix- 
ture of ethyl acetate-methanol) as bright-yellow needles, 
exhibiting m.p. 202” followed by solidification and 
melting again at  25503. A U V  absorption spectrum of 
Amax 233 (log E 4.29), 272 (4.55), 305 (4.44) (sh), and 
328 nm. (4.44) indicated that fagaronine belonged to  the 
benzophenanthridine class of alkaloids; in particular, 
this spectrum resembled that of nitidine (2). The UV 
spectrum of fagaronine in 0.01 N HCI showed no 
change; however, in  0.01 N NaOH, a bathochromic 
shift to  A,,,, 346 nm. (log E 4.31) was observed, suggest- 


I The plant material was collected in Ghana by Mr. 0. B. Dokosi. 
University of Ghana. A vouchcr specimen (SP-280) was identified by 
Mr. Dokosi as F. zarirhoxjloides Lam. (Rutaceae) and is deposited 
in the Herbarium of the Department of  Pharrnacognosy and Phar- 
macology, University of Illinois at thc Medical Centcr. Chicago, 111. 
The roots were the parts used. 


2The antitumor tests were performed through the Drug Research 
and Development Branch, National Cancef Institute, Bethesda, Md. 


3 Details of the isolation of fagaronine wi l l  be published. 
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ing the presence 
The presence of 
indicated by a 


of a phenolic group in the molecule. 
a phenolic hydroxyl group was also 
broad absorDtion band at  350& 


3200 cm.-’ in the IR spectrum. A lack of peaks at  
1480 and 940 cm.-’ in the IR spectrum was suggestive 
of the absence of the methylenedioxy function in the 
molecule, which was confirmed by a negative Labat’s 
test and by a lack of absorption in the area of 6 p.p.m. 
in the NMR spectrum. 


An N M R  spectrum of fagaronine (Ia) in dimethyl 
sulfoxide, with tetramethylsilane as the internal stan- 
dard, showed peaks for -N+-CH3 (6 in p.p.m., 
singlet at 5.1 I), three -OCH3 (singlets at 4.24, 4.11, 
and 4.04), 6-position proton (singlet at  9.97), protons 
at positions I I and 12 (doublets centered at  8.86, J = 
9 Hz.,  and 8.16, J = 9 Hz.), and protons at  positions 
1, 4, 7, and 10 (singlets at  7.66, 7.94, 8.13, and 8.36). 
At this point, Structures Ia and Ib were suggested for 
fagaronine. 


A molecular ion, M+, was observed at m/e 350 in the 
mass spectrum of fagaronine, followed by peaks at  
m/e 349 (M+-l), 348, 335 (base peak, M-15), 334, 
320, 306, 292, and a doubly charged species at mle 
167.5. The formation of these ions can be explained by 
the mode of fragmentation proposed for such com- 
pounds by Torto and Mensah (3) and Slavik et al. (4). 
Structure la is favored over Ib for the structure of 


fagaronine because of the more favorable formulation 
of the peak at  m/e 349 (M+ - 1) (9 z). 


Final proof of the structure of fagaronine by syn- 
thesis is in progress. 


( I )  Anon., Cancer Chemother. Rep., 1962, 1. 
(2) F. Fish and P. G.  Waterman, J .  Pharm. Pharmacol., 23, 67 


(3) F. G. Torto and I. A. Mensah,Phyfoc/zemistry, 9,911(1970). 
(4) J. Slavik, L. Dole$, V. HanuS, and A. D. Cross, Collect. 


( 197 I). 


Czech. Chem. Commun., 33, 1619(1962). 
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ROOKS 


REVIEWS 


Handhook of Experimental Pharmacology, Volume 28, Part 2, 
Concepts in Biochemical Pharmacology. Edited by B. B. BRODIE 
and J.  R. GILLETTF.. Springer-Verlag New York, Inc., L75 Fifth, 
Ave., New York, NY 10010, 1971. xx + 778 pp. 16.5 X 25 cm. 
Price $75.00. 
This work completes Volume 28. Part 1 [reviewed in J .  Pharm. 


Sci., 60, 1765(1971)] covered the subjects of absorption, tissue 
distribution, and excretion of drugs, while Part 2 addresses the 
topics of analytical techniques [or the study of drug metabolism and 
the significance of microsomal and nonmicrosomal enzymatic 
metabolism of drugs to pharniacological action. The completed 
volume is well suited to serve as a single reference work on all 
aspects of drug disposition. The organization, indexing, and general 
arrangement will make this volume useful to the nonspecialist 
with a casual interest in drug disposition as well as to the graduate 
student and experienced investigator because of the encyclopedic 


nature of the coverage. Although each of the major topics treated in 
Part 2 (e.g., analytical methods for drugs and drug metabolites. 
pathways of drug metabolism, cytochrome P-450, and enzyme 
induction) has been adequately and extensively reviewed elsewhere, 
never has this information been brought together in a single work 
focused upon the specific question of the significance of these topics 
to drug action. 


In any book which is the product of the collaborative efforts of 46 
authors, it is to be expected that coverage of each topic will not be 
uniform with respect to scope and depth. This does not appear to be 
a serious deficiency of the present volume since the authors have 
provided extensive referencing (in convenient tabular form in many 
chapters) to take the reader beyond the material covered in the text. 
The brevity of some chapters does, however, leave the reader un- 
sated. Regrettably, this is the case with some of the more technically 
sophisticated and ncwer methods of analysis such as imniunoassay 
(4-page chapter), enzymatic assays (12 pages), and radioisotope 
derivative methods ( 3  pages). 
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macy, Drug Information Sources, Poison Control, Radiophar- 
maceuticals, Plastics and Medication (Plastics and Medication ?). 
We’re into it now, reading it page by page (my tongue runs dry on 
page 1053). . .it’s over, we sit back to consider. What was that 
Promise of the Preface’? “Emphasis toward the new concept of 
clinical practice”’? Where’! I must have missed it. And then (with 
few exceptions) it is painfully clear that I did not miss it, it is 
missing. Once again the pharmaceutical sciences with all their 
glorious graphs and equations have reigned supreme. Once again 
the student or the practitioner is carried into the ad nauseum de- 
tails of the kinetics of solution, the trivia of comminution, the 
despair of the soft gelatin capsule machine, the whimper of the 
dying mesophilic anaerobic spore former. Indeed the majority of 
the chapters satisfy more the needs of the mediocre pharmaceutical 
scientist (or manufacturer) than the clinical pharmacist. Even the 
priorities appear to have gone awry. Patient medication profiles 
are mentioned briefly, drug distribution systems are given only a 
few pages, and how-to-do-it information is almost totally absent. 
A grand total of 99 pages is devoted to  hospital and community 
pharmacy, whereas Plastics gets 64 pages and Incompatibilities 
gets 108. 


Perhaps most distressing of all are some of the chapters devoted 
to dispensing and the functions of the pharmacist. One wonders 
where some of the authors have been for the last several years. For 
example, one author suggests that the pharmacist should enthusi- 
astically endorse the medications dispensed so that even inefficacious 
medications will have a placebo effect. He ignores (or perhaps has 
not considered) the fact that in so doing the pharmacist is aiding 
and abetting shoddy prescribing habits and contributing to  the 
nation’s drug abuse problems-a role somewhat inconsistent with 
his or her obligations to the patient. The same author goes on t o  
state that the “confidence of the physician in a specific course of 
treatment may greatly contribute to the therapeutic benefits, and 
the pharmacist must therefore be careful in his comments to  the 
physician regarding such matters.” Musn’t tamper with that su- 
preme confidence of the physician which enables him to prescribe 
lousy medication. Such statements as these in  a textbook which 
promised to explore the new directions of clinical practice make one 
take pause. Another author states that “(information on drugs) is 
to be given to professional men and (is) never (to be) used for the 
purpose of ‘counter prescribing’ by the pharmacist, or to  encourage 
self medication.” In an age when the American public avidly awaits 
the next drug article in Ladies’ Home Journal, and gluts itself on 
inefficacious T.V.-pushed OTC drugs the pharmacist is advised not 
to discuss drugs with his patients, or to use the information for 
“counter prescribing” (dirty, dirty word). 


Where did you go, you “Promise of the Preface”? 
In brief, Dispensing of Medication differs little from traditional 


dispensing texts which attempt to bite off too much. Its chapters 
range from excellent to trash. The vast majority of the topics 
(worth printing) should more suitably appear in other texts devoted 
to pharmaceutics, physical pharmacy, or pharmaceutical tech- 
nology. 


Reviewed by Robert L. Day 
Associate Dean for Professional Affairs 
University of California School of Pharmacy 
Sail Fraircisco, CA 94122 


Search for New Drugs, Volume 6, Medicinal Research Series. Edited 
by ALAN A. RUBIN. Marcel Dekker, Inc., 95 Madison Ave., 
NewYork,NY 10016,1972.x+452pp. 16X24cm.  PriceS19.50. 
After exhausting available means to achieve a specific goal, it is 


appropriate to recall certain cliches such as “back to the drawing 
board” or “step back and take another look.” The contributors to 
this sixth volume of a series have “stepped back” and sketched a 
broad overview of certain familiar fields in which clinical progress 
has been slow. While there are leading references to original re- 
search articles as well as to reviews and summaries, the monograph 
is not intended to serve as a fully documented survey of research. 
As stated in the preface, “lts central theme defines areas of method- 


ological and conceptual importance intended to assist investigators 
in their search for new drugs.” 


The first three chapters, which occupy half of the book, deal with 
the familiar fields: anti-inflammatory, antipeptic ulcer, and psy- 
chotropic drugs. In general, each of these chapters begins with a 
discussion of the clinical aspects of the disease and the available 
drug therapy. Then follows a cursory view of the methodology 
utilized in the evaluation of new drugs. The etiological factors in 
the disease are viewed as essential prerequisites to a rational ap- 
proach to  drug treatment and prevention. The chapter ends on a 
note of future needs and drug designs. 


The next four chapters deal with areas that appear to be on the 
threshold of new drug development: drugs affecting 8-adrenergic 
receptors, drugs affecting atherosclerosis, the interferon system, 
and antithrombotic and thrombolytic drugs. Here, past discoveries 
are related to current work and hopes oft he future. 


The last two chapters summarize currmt developments and offer 
suggestions of future potential in the re\atively new fields of aging 
and memory. 


The book should find an interested audience among medicinal 
chemists and pharmacologists. 


Reoiewed by C.  M. Darling 
School ofPharmacy 
Auburn University 
Auburn, AL 36830 I 


Legal Medicine Annual: 1971. Edited by CYRIL H. WECHT. Ap- 
pleton-Century Crofts, 440 Park Ave. South, New York, NY 
10016,1971. xii + 480 pp. 17 X 24 cm. 
The third volume in this series contains 22 chapters on relevant 


medical-legal subjects. Topics discussrd in this volume include 
forensic pathology, medical malpractice, forensic psychiatry, 
medical-legal education and research, environmental controls, 
drug abuse, legal ramifications in the clinical practice of medicine, 
and criminalistics. 


Staff Review W 


NOTICES 


Einfuhrung in die Verfahrenstechiiik der Arzireifermung. By FRITZ 
GSTIRNER. Wissenschaftliche Verlagsgesellschaft MBH, Stuttgart, 
Germany, 1972. xi + 425 pp. 16.5 X 24 cm. Price DM 78.-. 
(German) 


Drogenkunde fur Pharmazeu1isch-Technische Assistenten und 
Apotheker-Praktikanren. By MANNI’RIED PAHMW. Deutscher 
Apotheker-Verlag, Stuttgart, Germany, 1971. 95 pp. 16.5 X 24 
cm. Price D M  14.80. (German) 


Histochemislry of Nercous Transmission. Volume 34, Progress in 
Brain Research Series. By E. D. ERANKO. American Elsevier 
Publishing Co., 52 Vanderbilt Ave., New York, NY 10017, 1971. 
xv + 525 pp. 18.5 X 26.0 cm. Price $48.50. 


The Cobdamins ( A  GIaxo Symposium). Edited by H. R. V. ARN- 
STEIN and R. J. WRIGHTON. Williams & Wilkins, Baltimore, MD 
21202,1971. x + 208 pp. 14.5 X 23 cm. Price S12.50. 


Cellular Biology and Toxicity of Anesthetics. Edited by B. R. FINK. 
Williams & Wilkins, Baltimore, M D  21202, 1972. xiii + 328 pp. 
14.5 X 23.5 cm. Price $20.50. 


Simplified Circuit Analysis. By R. D. SACKS and H. B. MARK, JR. 
Marcel Dekker, Inc., 95 Madison Ave., New York, NY 10016, 
1972. 166pp. 15 X 23cm. PriceS6.50. 


Anatomy of the Monocotyledons, Volume VI. Dioscoreales. By E. S .  
AYENSU. Oxford University Press, 200 Madison Ave., New York, 
NY 10016, 1972. 182 pp. 15 X 23.7 cm. Price $20.50. 
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Application of Ion-Pair Methods to 
Drug Extraction from Biological Fluids I: 
Quantitative Determination of Biguanides in Urine 


EDWARD R. GARRETT' and JOSEF TSAU 


Abstract A simple method for the quantitative determination of 
the biguanides (buformin. metformin, and phenformin) in water 
and urine is based on the extraction of the 1: 1 bromthymol blue 
ion-pair into methylene chloride. Ion-pair extraction constants were 
determined. The biguanide was freed from the ion-pair by the addi- 
tion of excess tetrabutylammonium hydroxide and reextracted into 
water. Spectrophotometric analysis at  630 nm. of the resultant 2: 1 
ion-pair of the tetrabutylammonium-bromthymol blue in methylene 
chloride has a sensitivity of less than 0.13 mcg./ml. for metformin 
in 3 ml. of aqueous solution. However, components of urine are 
also extracted into the methylene chloride and, in such circum- 
stances, the concentration of the reextracted biguanide in the water 
can be determined spectrophotometrically at  232 nm. and is sensi- 
tive to less than 1.3 mcg./ml. for metformin in 3 ml. of urine. The 
sensitivity can be greatly increased by using larger amounts of urine. 
Calibration curves in a concentration range from to 2 X 


M were obtained for 3 ml. of biguanide-spiked urine samples. 
No statistically significant effects on buformin calibration curves 
were found from storage up to 5 days, among different individuals, 
and with increased numbers of washings of the organic extract with 
a dilute bromthymol blue solution. Urine without drug demon- 
strated various backgrounds by these procedures; a principal one 
was attributable to the nicotine present in the urine of smokers. 


Keyphrases 0 Ion-pair extraction of drugs with bromthymol blue- 
analysis of biguanides in urine 0 Bromthymol blue ion-pair ex- 
traction-analysis, biguanides in urine 0 Biguanides-analysis, 
bromthymol blue ion-pair extraction, urine 0 Buformin-anal- 
ysis, bromthymol blue ion-pair extraction, urine 0 Metformin- 
analysis, bromthymol blue ion-pair extraction, urine 0 Phenformin 
-analysis, bromthymol blue ion-pair extraction, urine 0 UV 
spectrophotometry-analysis, biguanides in urine, ion-pair forma- 
tion 


Buformin (I-butylbiguanide), metformin (1,l-di- 
methylbiguanide), and phenformin (l-phenethylbiguan- 
ide) are the three hypoglycemic biguanides clinically 
used in the treatment of diabetes in Germany, France, 
and the United States, respectively (1). The development 
of simple, sensitive, and quantitative methods for the 
measurement of these drugs and their metabolites in 
biological fluids is essential to  aid in the elucidation of 
the yet unclear mechanism of action of these compounds 


CH3 


N-C-NH-C-NH2 
\ 


/ I1 /I 
CHB NH NH 


metformin 


CGH jCH?CH,NH--C-NH-C-NH? 
I1 ll 


N H  NH 
phenformin 


CaHaNH-C-NH-C-NH? 
I1 I1 


NH NH 
buforrnin 


(2). Present methods of analysis are based on: 
1. The reaction with ninhydrin to produce a fluores- 


cent compound (3). 
2. The quenching effects of phenformin on the fluores- 


cence exhibited by n-propanol in water (4). 
3. The color reaction of phenformin with a-naphthol- 


diacetyl reagent (5). 
4. The color reaction of metformin with sodium hypo- 


chlorite (6) .  
5. The large difference in UV absorption between the 


monovalent and divalent cations of the three biguanides 


The sensitivity of 0.025 mcg./ml. claimed for Method 
1 (3) was no greater than 0.1 mcg./ml. in our hands. 
There was a very high background from this method's 
use of strong potassium hydroxide (analytical reagent)' 
solution, which was not mentioned in the original paper 
(3). Also, since many other compounds in the biological 
fluids, such as creatine, arginine, and guanidiniurn com- 
pounds, give much higher fluorescent activity than the 
biguanides (3, 8), this procedure is not readily applicable 
to the assay of biguanides from biological fluids without 
the further development of elegant methods to separate 
the biguanide from these compounds. 


Method 2 has been applied only to  phenformin in 
homogenized tissues and urine. Although the separation 
procedure of chloroform-methanol extraction from 
alkalinized solution is comparatively simple and effec- 
tive since the simultaneously extracted creatine and 
guanidine do  not interfere in  the reaction, the method 
has poor sensitivity (10-30 mcg./ml.). 


Method 3 is applicable to  biological fluids and tissues 
with a lower sensitivity of 5 mcg./ml. in urine and a 
sensitivity no greater than 20 mcg./ml. in blood plasma. 
However, the separation procedures involved are rather 
tedious. 


Since a sensitivity of 10-6 g./L or  1 ng./ml. was re- 
ported for Method 4, we systematically checked this 
method but only obtained a maximum sensitivity of 15 
mcg./ml. Also, this color reaction is not suitable for 
routine metformin assay, since the amount of sodium 
hypochlorite required has to  be comparable to that of 
metformin and an excess of sodium hypochlorite de- 
stroys the color development. In other words, you have 
to  know the amount of metformin in order to  assay for 
it! 


Method 5, coupled with column separation, has been 
used to  obtain data from urine in the pharmacokinetic 
studies of phenformin and buformin (9). The sensitivity 
of this method was apparently not good enough for 


(7). 


1 Fisher. 
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plasma in such studies. Thus, the need for sensitive, 
specific, and simple methods for the separation and 
analysis of biguanides still existed. 


A widely used method to determine a basic organic 
compound is to form an ion-pair with an anionic dye 
(10). This ion-pair is extracted into an organic phase and 
may be determined spectrophotometrically. Direct ap- 
plication of the ion-pair method to biological fluids is 
very limited to date because of the presence of large and 
variable amounts of interfering cations. To our knowl- 
edge the only direct application of this method to bio- 
logical fluids is the recently reported quantitative de- 
termination of basic drugs in human urine for special 
cases where the drugs (e .g . ,  dextropropoxyphene and 
piribenzil) are stronger ion-pair formation agents than 
the possibly interfering compounds (e .g . ,  nicotine and 
guanidinium compounds) (1 1). In some cases the drugs 
were extracted and purified by solvent-solvent extrac- 
tions, and the ion-pair methods were finally used for 
detection (10, 12-14). 


This paper describes a modified ion-pair method, 
coupled with solvent-solvent extraction and spectropho- 
tometry, which permits the quantitative determination 
of buformin, metformin, and phenformin. This method 
can be applied to urine with reasonable sensitivity and 
by simple procedures. In the absence of contaminants 
which also form ion-pairs, bromthymol blue can ex- 
tract the biguanide into an organic phase which can be 
analyzed spectrophotometrically in situ. When inter- 
fering compounds are present, as in urine, the biguanide 
may be freed from the ion-pair by reaction with tetra- 
butylammonium hydroxide, reextracted into water, and 
then determined spectrophotometrically. An alternative 
procedure would be to derivatize the concentrated 
biguanide and use a sensitive GC detection method for 
quantitation. 


Bromthymol blue was used in these studies as the 
anionic dye for the ion-pairs. Schill and coworkers (15- 
18) made extensive quantitative studies on bromthymol 
blue ion-pairs of quaternary ammonium compounds and 
amines. Bromthymol blue is a strong ion-pair formation 
agent with moderate solubility at  high pH and with high 
molar absorptivities of its ion-pairs at  630 nm. (1 brom- 
thymol blue to  2 monovalent cations) and at  410 nm. 
(1 bromthymol blue to 1 cation). The molar absorptivity 
of the I :2 ion-pair is about threefold that of the 1 : 1 
ion-pair. Methylene chloride- or chloroform-extracted 
1 : 1 ion-pairs can be changed to 1 : 2  ion-pairs by the 
addition of an excess amount of tetrabutylammonium 
hydroxide so that the higher sensitivity at  630 nm. can 
be used in the conventional ion-pair method. 


EXPERIMENTAL 


Materials-The buformin (l-butylbiguanide)2, mol. wt. 157.2. 
phenformin (l-phenethylbiguanide)2, mol. wt. 205.3, and metformin 
(l,l-dimethylbig~anide)~, mol. wt. 129.1, were used. Other materials 
used were bromthymol blue, certified reagent tetrabutylammo- 
nium hydroxide, 25 Z in methano1,”highest p ~ r i t y ” ~ ;  and methylene 
chloride. certified spectroanalyzed ACS gradep. Also used were “A 


grade” creatinines, creatine, and arginine hydrochloride4 Additional 
compounds used were guanidine hydrochloride5 and methyl- and 
1,l-dimethylguanidine sulfatess. All compounds were used without 
further purification. 


Instruments-Spectral readings were made on the recording spec- 
t r~photometer~.  


Reagents-Bromthymol blue solution ( M )  was prepared by 
dissolving 0.6244 g. in 20 ml. 0.1 N NaOH. The final volume was 
brought up to 100 ml. with distilled water. This solution was allowed 
to stand for 3 days with occasional shaking to permit complete dis- 
solution. The solution was then adjusted to pH 7.8 with concen- 
trated sodium hydroxide and hydrochloric acid if necessary. Buffer 
solutions a t  pH 7.5 and 7.8 were prepared by dissolving 6.9000 g. 
NaH2P04 .H20  in 21 ml. 2 N NaOH. After adjusting to the final pH 
with saturated sodium hydroxide, the final volume was brought to 
100 ml. with distilled water. 


Determination that Only 1:l Ion-Pairs Are Formed in Methylene 
Chloride-Aliquots (4.00 ml.) of aqueous solutions containing 


M bromthymol 
blue, and buffer solution were shaken with 5.00 ml. methylene chlo- 
ride for 20 min. After centrifuging, the organic phase was measured 
spectrophotometrically a t  416 nm. 


Determination of Ion-Pair Extraction Constants of Biguanides in 
Methylene Chloride Aqueous Solution System-Buformin, metfor- 
min, or phenformin M )  stock solution (0.25 or 0.50 ml.) and 
0.5 ml. pH 7.8 phosphate buffer were added to a centrifuge tube 
(heavy duty Pyrex conical centrifuge tubes with ground stoppers, 
45-1111. capacity). Various amounts of 10P M bromthymol blue and 
distilled water were added to make a final volume of 5.0 ml. A vol- 
ume of 5.0 ml. of methylene chloride was then added. After vigorous 
shaking for 3 min. on a Vortex shaker, the solution was centrifuged 
and 3 ml. of the lower organic phase was removed by a syringe and 
transferred to a quartz spectrophotometric cell witha Teflon stopper. 
Then 3 0 ~ 1 .  of 25 Z tetrabutylammonium hydroxide in methanol was 
added, and the solution was mixed well. The absorbance, A ’ ,  at 
630 nm. was immediately taken. The background absorbance, A g ,  
was determined by a similar procedure, except that an equivalent 
amount of distilled water was substituted for the biguanide solution. 
The value of the net absorbance, A ,  was obtained by subtracting 
the background absorbance, A g ,  from the observed absorbance, A ’ .  


Determination of Biguanides in Urine-Procedure A- Vl (2.00 
or 3.00) ml. urine, V2 (0 or 1.00) ml. distilled water, V3(0.5 or 1) ml. 
pH 7.8 buffer, and v4 (1.0 or 3.0) ml. of M bromthymol blue 
were added to a centrifuge tube. Then 5.0 ml. of methylene chloride 
was added. The mixture was shaken on a Vortex shaker for 3 min. 
and then centrifuged. [All of the organic phase can then be siphoned 
to another centrifuge tube, v, ml. (2.0 ml.) of 10W M bromthymol 
blue solution at  pH 7.8 can be added, and the mixture can be shaken 
for 3 min. and centrifuged.] Then 4 ml. of the organic phase was 
siphoned into another centrifuge tube. An amount of 60 pl. of 2 5 z  
tetrabutylammonium hydroxide in methanol and 4 ml. of distilled 
water were added, and the mixture was shaken again for 3 min. and 
cenfrifuged. The aqueous layer was then measured spectrophoto- 
metrically at  232 nm. against a water blank. 


Procedure B-An alternative procedure, which is valid when in- 
terfering substances are small, omits the operations in brackets. 


Mof each of the three biguanides, 2.00 X 


RESULTS AND DISCUSSION 


Determination of Ion-Pair Extraction Constants-The symbols 
used in the following discussion are: Q = ratio of the volume of the 
organic phase to that of the aqueous phase or Q = Vorg/Vaq; [ la,, 
[ IarE = concentration in aqueous and organic phases, respectively; 
A ,  A ’  = absorbance corrected and not corrected for background, 
respectively; c i  = molar absorptivity at  wavelength A ;  B-2, HB-, 
H2B = different ionic species of bromthymol blue; BTB = [B-2] + 
[HB-] + [HZB]; Bg, BgH+, BgH2+2 = different ionic species of bi- 
guanides, ZB = [Bg] + [BgH+] + [BgH2+Z]; El,I = ion-pair extrac- 
tion constant for 1 : 1 ion-pair; D = degree of extraction; C = total 
concentration of subscripted species; C = concentration of original 
aqueous solution of subscripted species; and C’ = concentration of 
equilibrated organic phase of subscripted species. 


USV Pharmaceutical Corp., Tuckahoe, N. Y 
G,. D. Searle ,& Co., Chicago, Ill. 
Fisher Scientific Co., Fair Lawn, N.  J. 


Calbiochem, Los Angeles, Calif. 
6 Eastman Kodak Co., Rochester, N. Y 
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Table I-Initial Bronilhymol Blue Concentration, CiTB, Needed for D 
Equal Volumes of Aqueous Solution when the Ratio of Concentration Is Bromthymol Blue-Biguanide ~ 1 0 0 :  1 


Extraction into Methylene Chloride of Biguanide from 


Metformin 1.20 x 10-1 1.09 X 1 0 - 2  4.83 X 10-3 7.15 X 6.50 X loe3 2.89 x 10-3 


fhenformin 3.88 x 10-3 3.52 x 10-4 1.57 x 10-4 2.39 x 10-3 2.11 x 10-4 9.36 x 10-5 
Buformin 2.92 X 10-2 2.66 x 10-3 1.18 x 1 0 - 3  1.75 X 1.59 X 7.06 X lo-‘ 


Typical spectra of the bromthymol blue ion-pairs of the three 
biguanides gave an absorption maximum at 416 nm. [reported as 
410 nm. in the literature (15) for the A,,, of HB- monoanion of 
bromthymol blue] with no absorption at 630 nm. (the A,,, of the 
B-2 anion of bromthymol blue) and suggested that only 1 :1 ion- 
pairs are extracted into methylene chloride. This was confirmed by 
the fact that the extraction of the ion-pairs decreased sharply with 
increasing pH. The spectral absorbances at 416 nm., corrected for 
background, of the 5-ml. methylene chloride solutions of the ion- 
pairs extracted from 4.00 ml. of buffer solutions that were 10-4 M 
in biguanide and 2 X A4 in bromthymol blue at pH values of 
7.5,9.4, and 10.9, respectively. were, for metformin: 1.56,0.338, and 
0.038; for buformin: 1.93, 0.610, and 0.094; and for phenformin: 
2.15, 1.62, and0.380. 


If [BgH+.HB-],, is negligibly small or highly dissociated, the 
apparent 1 : 1 ion-pair extraction constant for Q = 1 is: 


In the applicable pH range, 6-9, bromthymol blue is present in its 
monovalent and divalent anionic forms in aqueous solution, while 


0.0 - 
220 240 260 


WAVELENGTH. nm. 


Figure 1-UV spectra of 
metformin in lhe final 
solutions obtained from 
the urine of’ dogs adminis- 
tered metformin intra- 
oenously . The spectra 
were similar to those ,for 
bit formin and phenformin. 
Curce A is ,for the back- 
ground obtained from 
urine alone. Curaes B, C,  
and D are for calculated 
1.10, 2.10, and 3.39 x 
lo-‘ M concentrations of 
metformin iii the original 
urine, respectively. The 
urine was diluted three- 
fold to minimize the ab- 
sorbances due to coex- 
tracted impurities. 


for the three biguanides the monovalent cation, BgH+, predomi- 
nates. The following relations are valid for Q = 1 : 


K.‘ 
HB- e‘ B-2 + H+ 


[B-’] + [ H E ]  = CBTB - G T D  


[HB-I = (GTB - c~m)/(Ko’/[H+I 4- 1) 


(Eq. 2) 
0%. 3) 


(Eq. 4) 


where I/(Ka’/[H+] + 1) is the fraction ofthe bromthymol blue in the 
aqueous phase as the monoanion (19). Also: 


[BgH+] = C ~ B  - [BgH+.HB-],,, (Eq. 5) 


On substitution of Eqs. 3-5 into Eq. 1 : 


E1:i = (1 + K=’/[H+I)[BgH+.HB-Iorg/(Cn~~ - GTB) X 
( C ~ B  - [BgH+.HB-I,,,) (Eq. 6) 


Since, in the organic solution, CBTB = A ‘ / € ,  [BgH+.HB-],,, = 
Ale, and ebaO = 4.87 X lo4: 


El:, = 4.87 X 1O4A63o.(1 + Ka’/[H+])/(4.87 X lo4 X 
G T B  - Ab3,)(4.87 X lo4 X C ~ B  - A d  (Eq. 7) 


where pK’a = 7.18. These equations are valid in the concentration 
ranges where side reactions, such as the formation of dimers and 
tetramers in the organic phase and the formation of micelles in the 
aqueous solution (16), are not significant. 


The spectrophotometric reading may be made at 630 nm. after the 
addition of an excess amount of tetrabutylammonium hydroxide to  
the methylene chloride solution of a 1 : 1 ion-pair to  form the more 
highly absorbing dianion of bromthymol blue, i .e.,  B-* in the or- 
ganic phase. 


The degree of extraction for Q = 1 is defined as: 


D = [B~H+.HB-],,,/C~B (Eq. 8) 


when the value of the numerator derived from Eq. 6 is substituted 
into Eq. 8 : 


To extract the biguanide effectively from dilute solutions, the brom- 
thymol blue concentration should be as high as possible. For the 
condition CBTB >> C&, Eq. 9 reduces to: 


Knowledge of the ion-pair extraction constant ELI in Eq. 10 per- 
mits the estimation of the concentration of bromthymol blue, ch,, 
needed to achieve a desired degree of extraction, D. In the conven- 
tional ion-pair method, where bromthymol blue is used as the anionic 
dye, the lower limit of the extraction pH is 7.5; below that pH the 
interference due to the background of bromthymol blue is too high 
(15, 16). In this study, a pH value of 7.8 was chosen to minimize the 
background. 


The determined average values of the ion-pair extraction constants, 
&:I, as calculated from Eq. 7 and their standard errors of the mean 
( + c T / ~ I z )  were 1.32 k 0.03 x 105 for phenformin, 1.75 f 0.06 X 
lo4 for buformin, and 4.28 f 0.12 x lo3 for metformin. The initial 
concentrations of bromthymol blue used in these determinations 
ranged from 4.00 x 10-6 to 20.00 x 10-6 Mfor 10 X 10P Mphen- 
formin and from 4.00 X 10-6 to 80.0 X M for 5 X I O P  M 
buformin and metformin. The calculated initial bromthymol blue 
concentrations (CGTn) needed to achieve 99,90, and 8 0 x  degrees of 
extraction are given in Table I. 
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Table 11-Results of Quantitative Analyses" of Biguanide-Spiked Urine 


Percent 
Bigua- 
nided 
Re- 


covery 
Dis- Brom- Brom- Cal- Background 


Concentration Absorbanceb tilled thymol thymol culated Absorbance 
Range a t  Urine, Water, Buffer, Blue, Blue,c from Experi- from Urine 


Compound x (106 A41 232 nm. Vi ml. Vt ml. V3 ml. Va ml. V,  ml. Eq. 10 mentale Alone1 
~~ ~~ ~~ 


- 1.75 Metformin 1.54-15.4 1.88-3.25 2.00 1.00 0.5 3.0 0 - 
2.22-22.2 0.493-2.06 2.00 1.00 0.5 1 . 0  0 71.99 67.2 0.350 


Phenformin 2.00-10.0 0,610-1.72 2.00 1.00 1 .0  1.0 0 98.08 98.1 0.350 
Buformin 2.22-22.2 0.675-3.17 3.00 0.00 0.5 1 .0  0 98.08 98.5 0.425-0.460 


2.22-22.2 0,475-2.96 3.00 0.00 0.5 1 . 0  2 . 0  98.08 98.5 0.210-0.372 


VI ml. of urine is admixed.with VZ ml. of distilled water, V3 ml. of pH 7.8 phosphate buffer, and Vp ml. of 10-2 M bromthymol blue and extracted 
with 5 nil. of methylene chloride. After addition of 60 rl. of 25 % tetrabutylammonium hydroxide in methanol, the biguanide is recxtractcd from 4 
ml. of the separated methylene chloride into 4 ml. of water and the absorbance of the aqueous phase is measured at 232 nm. Background from urine 
may be decreased in the spectrophotometric assay by extracting the methylene chloride solution of the ion-pair with Vi ml. of 10-3 M bromthymol 
blue prior to adding the tetrabutylammonium hydroxide. The fraction of biguanide recovery anticipated with bromthymol blue >> biguanide con- 
centration may be calculated from: 


under the assumption that the back-extraction of the biguanide freed by tetrabutylammonium hydroxide into water is quantitative. Based on (b/  
e m )  X [4/(V1 + Vz + V3 + Va)] x "4, where b is the slope of the calibration curve, 4/(V1 + V2 ,+ Va + V,) is the correction factor for the initial -t 
final volume change of the final solution from the initial, and "4 is the correction factor for taking only 4 ml. of the methylenr chlorid? phase out of 
the 5 ml. available. The background absorbance of a calibration curve was determined by a similar procedure except that no biguanide was spiked 
in the urine. 


Determination of Biguanides in Urine-Large amounts of various 
cations are present in urine and may interfere with the direct mea- 
surement of the ion-pair concentration of a drug. The modified 
methods described herein are based on the fact that all ion-pairs in 
methylene chloride or chloroform solvents can be destroyed by the 
addition of an excess of tetrabutylammonium hydroxide. Tetra- 
butylammonium ion is a stronger ion-pair formation agent with 
bromthymol blue; i.e., El,1 for the tetrabutylammonium cation with 
the bromthymol blue monoanion is 1.58 X lo9, a greater value than 
those given previously for the biguanides. The unpaired drug and 
other cations can then be extracted back into an aqueous phase. 
Fortunately, the major interfering cations, such as metal and am- 
monium ions, do not absorb in the UV above 230 nm. Thus, chro- 
mophoric organic bases, such as biguanides, can be determined 
spectrophotometrically after the described treatment. The measure- 
ments of the three biguanides were made a t  their A,,,, of 232 nm. (7). 
Typical spectra of the biguanide metformin in the final solution 
after the application of the assay procedure to  urine samples are 
given in Fig. 1 .  


The results obtained for the analysis of biguanide-spiked urine 
samples under different experimental conditions are given in Table 
11. These show that the experimental recoveries agree well with what 


3 


1 


would be predicted from the approximative calculations in accor- 
dance with Eq. 10. The conditions given in Table I1 yielded almost 
quantitative extraction for both buformin and phenformin but not 
for metformin. Although quantitative conditions can be easily es- 
tablished for metformin by increasing the volume of bromthymol 
blue solution Va, increasing the volume of methylene chloride used 
in the extraction, and/or lowering the pH of the buffer, the back- 
ground increases sharply with these new conditions. An example of 
such increased background with increased Va is given for metformin 
in Table 11. Thus, a compromise in the choice of conditions must be 
made to  minimize background and optimize recovery in the metfor- 
min case. 


Calibration curves which are typical for the biguanides are given 
for water and urine spiked with buformin in Fig. 2. Curve A for the 
prepared aqueous solutions of buformin was obtained by following 
the stated analytical procedure, except that it was not necessary to 
minimize background by the washing of the methylene chloride 
solution of the ion-pairs with dilute bromthymol blue solution prior 
t o  the addition of tetrabutylammonium hydroxide and reextraction 
of the biguanide into water. Each point on curve A is the mean of 
four determinations, and the vertical lines represent the extent of the 
standard errors of these means. Curve B was obtained from the 


Figure 2-Calibratiori cirrues .forfticrl spectroplio- 
tometric absorbatlee at 232 t ~ m .  of' aqireoris solrr- 
tion derived from buforrniti-spiked water (cirrue 
A )  arid irritie (curres B, C,  D ,  arid E )  at carious 
molar cotlcerztratiotis. Curcr B is for buf'ormitl 
added to riririe to prepare the specified eoticetltra- 
tioris arid assayed ori differerit days to study the 
effect of' storage at 4" for  4 days. There was no 
sigtiifcant differerice amotig days, ard the certical 
lilies represetit the staridard error of' the meati of 
the four determitratiotrs. Cirrces C ,  D ,  atid E are 
calibratiorz curres, one cirralysis at each Iecel, f o r  
bufonniti added to the irriries of' diff'eretrt itidicid- 
irals. The iritereepts of' these plots are rc'present- 
d u e  of' the backgroiitids of' irritie withorit added 
bi!formiti. 


I 
0 5 10 15 20 0 5 10 15 20 


CONCENTRATION IN 10-5 M 
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Table 111-Testsa of the Significance of the Difference of Intercept* from Zero (20) 


Significance 
N R 105 b x 2.22 a 106s x 2.22 r at  5 %  Level 


(1) Buformin Spiked in Urine, Effect of Storage a t  4” 
8 0.99985 0.2644 0.00406 0.01702 0.412 n.s. 
8 0.99944 0.2616 0.01119 0.03308 0.583 n s .  
8 0.99922 0.2735 0.04850 0 .  a4080 2.050 n s .  
7 0.99580 0.2711 0.00215 0.04575 0.753 n s .  


(2)  Buformin Spiked in Water, Result of Four Replications 
27 0.9988 0.2634 0.02817 0.04657 1.95 n s .  


(3) Buformin Spiked in Urine of Three Different Persons, Including Reextraction Processc 


6 0,99904 0.2628 0.01371 0,03879 0.519 n.s. 
8 0.99965 0.2586 0.02007 0.02562 1.351 n s .  
8 0.99961 0.2636 0.03610 0.02765 2.250 n s .  


a R is the coefficient of correlation; b is the slope; a is the intercept of the regression line; s is the standard error of the variance about regression 
for N data points. The calculated t values are a/Sa and provide the criterion for deciding whether or not the intercept is significantly different from 
zero when Sa is the standard deviation of the intercept (20). When the calculated t values are smaller than those in the t tables a t  the 95 level for 
( N  - 2) degrees of freedom, the conclusions of “no significant difference” or n.s. can be made. * The values of intercept have been corrected for back- 
ground readings. The procedure of extracting the methylene chloride solution of the ion-pair with dilute bromthymol blue solution prior to adding 
the tetrabutylammonium hydroxide is included. 


determination of four series of buformin-spiked fresh urine samples 
with different storage times (0, 1, 2, and 5 days) at  4”. Again the 
washing procedure with dilute bromthymol blue solution to  reduce 
background was omitted. Curves C, D, and E were obtained from 
buformin spiked in the urines of different persons. Here the washing 
procedure with dilute bromthymol blue was included. 


The slopes and intercepts of these calibration curves were obtained 
after subtracting the background from blank studies on urine or 
water in accordance with least-squares fitting (20) to  the linear re- 
gression equation. 


Replicate samples of buformin added to water and urine in known 
concentration were assayed immediately and after various days of 
refrigerated storage. In addition, buformin added to the urine from 
various individuals was assayed. and the back-extraction procedure 
to minimize background was included. The analysis of variance of 
Tables I11 and IV demonstrated that there was no significant differ- 
ences in slopes among all these calibration curves. After subtracting 
the background correction for absorbance, the intercepts of all the 
calibration curves were not significantly different from zero. 


Variation in Urine Background-The composition of urine varies 
among and within individuals. It has been shown already that the 
background is very sensitive to variation in experimental conditions 
in the metformin case (Table 11). The variation in background 
among different persons was studied by collecting from six individ- 
uals, of which three were smokers. These urines were spiked with 
metformin and were studied under the experimental conditions of 
the second line of Table 11. Under these conditions, the background 
absorbance at  232 nm. varied from 0.205 to 0.805 (Table V). 


Borg ef a/.  (11) described a method to  reduce the background 
caused by those cations that only form weakly bonded ion-pairs. 
They demonstrated that it can be reduced by shaking the organic 
phase containing the various ion-pairs with a dilute aqueous solu- 
tion of bromthymol blue. This solution should have sufficient brom- 
thymol blue concentration to maintain the ion-pair of the drug in 
the organic phase but not that of the contaminants. An amount of 
2 ml. of M bromthymol blue was chosen to extract these in- 
terferences from 5 ml. of the organic phase. The urine of a heavy 
smoker was used to  prepare four solutions without and four solu- 
tions with metformin (1.6 X lo-‘ M ) .  These solutions were ana- 
lyzed under the conditions given in the second line of Table 11. The 
extraction of the organic phases was carried out zero, one, two, and 
three times with 2 ml. of M bromthymol blue for the first two 
successive extractions and with 1.5 ml. for the third successive ex- 
traction. The conditions and results are summarized in Table VI and 
Fig. 3. The first extraction reduced the backgrounds at  232 nm. by 
about half without any significant reduction in the absorbance due to 
metformin. However, little advantage was obtained on subsequent 
extractions. The results of one extraction purification on back- 
ground absorbance are also given in Table V for the urines from 
individuals other than those used for the study of Table VI. In all 
cases, the background was reduced by half or more. Therefore, it 
can be concluded that one extraction is suitable to reduce back- 
ground and has been included in our standard experimental proce- 
dures. 


Only those organic bases that can be extracted as ion-pairs and 
absorb in the UV will interfere with the assay. The ion-pair extrac- 


Table IV-Analysis of Variance by Testing for Equality of Slopes“ (20) 


Degrees Significance 
Source of Freedom ss MS F a t  5 %  Level 


b’ 


Error 
bi’lb’ 


b’ 
bi’lb’ 
Error 


6‘ 
b,’/b’ 
Error 


1 
3 


23 


(1) Buformin in Urine, Effect of Storage at  4” 
21.721 
0.0092 
0.0316 


21.721 
0.0031 
0.0014 


15,515 
2.21 
- 


(2) Buformin Spiked in Urine of Different Persons, Reextraction Process Included 
1 
2 


16 


14.7898 
0.001199 
0.014584 


14.7898 
0,0005995 
O.OO09115 


16,226 
0.6577 


(3) Comparison of Calibration Curves of Buformin SDiked in Water to Those 


1 
7 


64 


in (1) and (2 )  
60.1578 60.1578 
0.022 0.003143 
0.1142 0,001 784 


33,719 
1.762 


~ 


Analyses. of variances were actually performed on factors proportional to the slope, b ,  i.e., b‘ = 2.22 x 106 b.  When the calculated F values are 
compared with those given in the tables for the stated degrees of freedom and are smaller, the conclusions of “no significant difference” or n.s. can 
be made. 
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Table V-Background Absorbance a t  232 nm. of Urine from 
Various Individuals Treated in the Biguanide Ion-Pair Separation 


--Smokers-- -Nonsmokers- 
1 2 3 1 2 3 


Table VII-Molar Absorptivities at 232 nm. (4 and Ion-Pair 
Extraction Constants (El 
Bases 


of Some Biguanides and Organic 


Compound PH t 2 3 1  &:I 


Before reextraction 0.402 0.525 0.801 0.523 0.805 0.205 
After reextraction 0.190 0.250 0.280 0.140 0.320 0.105 


Met formin 


tion constants and UV molar absorptivities of such possible inter- 
fering substances were determined and compared with those of bi- 
guanides (Table V11). It is apparent that the ion-pair extraction of 
an organic base is very selective. Creatinine has a UV absorption 
maximum of 232 nm. and is present in urine in large amounts. For- 
tunately, the El:1 value for this compound is so small that it is not 
readily extractable from the aqueous phase to the organic phase as 
an ion-pair under the experimental conditions. Creatine and arginine 
absorb only weakly a t  232 nm. In addition, their El: ,  values are so 
small that their interference should be readily removed by the wash- 
ing with dilute bromthymol blue solution. Guanidine does not ab- 
sorb in the UV at 232 nm. and thus should give no interference. Its 
methyl derivatives do absorb weakly at  232 nm., however, and may 
interfere slightly. Some other possible interferences in urine were 
investigated by Borg et al. (11). They measured the bromthymol 
blue ion-pair extraction constants for choline, nicotine, tryptamine, 
and tyramine, which are also listed in Table VII for comparison. 
Although interferences from nicotine, tryptamine, and tyrarnine are 
expected, they should not be very serious since the 232-nm. absor- 
bance of the biguanide happens to  be near the absorption minimum 
of these three compounds (21.22). 


Under the experimental conditions of the second line of Table 11, 
the UV spectra of four out of five urine samples from nonsmokers 
gave only weak background absorption above 232 nm. Only one of 
them gave an absorption band with a maximum at about 272 nm. 
The intensity of this band was greatly reduced by one washing with 
dilute bromthymol blue solution. The background UV spectra de- 
rived from the urine of the three smokers gave an absorption band 
with an absorption maximum at 258 nm. and two shoulders at  264 
and 252 nm. which persisted even with the washing step (Fig. 3). It 
is probable that the removable interference in the case of the non- 
smoker was due to tyramine (1  1, 21); those interferences from the 
smokers were due to nicotine (1 1, 22). The spectrum of nicotine 
tartrate is also given in Fig. 3 to compare with the background de- 
rived from the urine of smokers. 


CONCLUSIONS 


The described ion-pair extraction method with spectrophotome- 
tric measurement can determine quantitatively the three biguanides, 
metformin, buformin, and phenformin, in water and in human urine. 


The water assay involves the extraction of 1 : 1 ion-pair of bigua- 
nide-bromthymol blue into methylene chloride. The 1 : 1 ion-pair 
can be changed to a 2 : l  ion-pair of tetrabutylammonium-brom- 
thymol blue by the addition of excess amounts of tetrabutylarn- 
monium hydroxide. The concentration of this 2: 1 ion-pair can then 
be measured spectrophotometrically at  630 nm. The lower sensitiv- 
ity limit of this method is M (or 0.13 mcg./ml. of metformin) 
for 3 ml. aqueous solution. The apparent molar absorptivity is 4.87 


T o  assay biguanide in urine, in order to eliminate most of the in- 
terferences, the biguanide in methylene chloride freed from the 1 : 1 


x 104/10-~ -0.05 ( I  5). 


Buformin 


Phenformin 


Arginine 


Creatine 


Creatinine 


Guanidine 
Methylguanidine 


Dimethylguanidine 


Choline 
Nicotine 
Tryptamine 
Tyramine 


6 .5  
10.4 
11.5 
12.0 
12.5 


7.0 


6 . 0  
10.4 
11.9 
12.3 
12.7 


5 . 5  
10.9 
5 . 7  


10.8 
7 .1  


9.7-1 1 . 1  
12.1 


6,10,8,12 
6 . 0  


10.8 
5.4 


10.8 


10.4-1 2 . 6  


- 
- 
.- 


- 


1.29 X lo4 4.28 X lo3 


1.30 X lo4 
1.25 x 104 


1.31 X lo4 


1.37 X lo4 1.75 X 104 
1.34 X lo4 
1.47 X lo4 1.32 X 105 


1.36 x 104 


1.39 x 104 
1.37 X 104 
1.35 x 104 
1.30 X lo4 


30 -58 
10 


480 -3 
595 


6.78 x 103 -0 
7.02 X 10” 
7.2 X 10’ 


0 400 
30 3.20 X lo3 


5 
100 3.70 X 104 
90 
- 1.26 X lOJ(16) 


6.61 X lOs(11) 


- 3.24 X 102(11) 


- 
- 2.45 x 104(11) 


ion-pair by tetrabutylammonium hydroxide is extracted back into 
water and its concentration is determined spectrophotometrically at 
232 nm. The spectrophotometric reading, A?3?, from the assay of 4 
ml. urine containing M biguanide is -0.15. The spectropho- 
tometric background reading of the urines of different individuals 
after one washing of the methylenechloride solution of ion-pairs with 
dilute bromthymol blue solution was statistically evaluated to be 
0.249 f 0.173 (mean f tu, I? = 10). However, the background from 
various urines of a single individual has much less variation. The 
concentration of M biguanide (or 1.29 mcg./ml. of metformin) 
in 4 ml. urine can be estimated within an error of 2075 from a cali- 
bration curve established for the urine of a nonsmoker. 


Fortunately, the concentrations of biguanide in the urine that 
result from drug administration are much higher. Thus, the neces- 
sary dilution of the urine for use of this analytical method drastically 
diminishes the background interference in the spectrophotometric 
assay. For example, studies now in process with dogs administered 
60 mg./kg. of metformin with a half-life of about 2 hr. demonstrated 
metformin concentrations in the urine of 300 X M a t  4 hr., 70 
X M a t  10 hr., and 20 X M a t  24 hr. Thus, at  a sensitivity 
of M biguanide, the average urine background for the 24-hr. 
sample is reduced from an absorbance of 0.25 to a negligible 0.005. 
Figure 1 demonstrates the assay of metformin in the urine extracted 
by these procedures after intravenous administration of the bi- 
guanide to dogs. 


This method providesalmost quantitativeextraction from an aque- 
ous medium of charged compounds which arenormally difficultly solu- 
ble in an organic solvent. It serves to give a facile separation of such 


Table VI-Spectral Analyses a t  232 nm. of Metformin Derived from a Urine after Successive Extractions of the Organic Solution of 
Ion-Pairs with loF3 M Bromthymol Blue before Reextraction of Drug into an Aqueous Phase on Addition of Tetrabutylammonium 
Hydroxide 


Milliliters M Absorbance (Ab) of Absorbance (A’) 
Number of Milliliters of Bromthymol Blue Urine without of Urine with 3 A  
Extractions Organic Phase Solution Used Metformin Metformin ( A ’  - Ah) 


0 
1 
2 
3 


5.0  
4.7 
4.3 
4.0 


2.0 
2.0 
1.5 


0.831 
0.417 
0.335 
0,290 


2.03 
1.56 
1.37 
1.27 


1.20 
1.14 
1.04 
0.980 
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compounds from many of the normal salts present in biological 
fluids such as urine and provides a method of concentration. The 
ready reextraction into aqueous solution provides a simple separa- 
tion from nonpolar compounds that resist reextraction into watei 
from the organic solvent. Although there are possible interferences 
from biologically endogenous compounds (examples are given in 
Table VII) that may also undergo ion-pair extraction and reextrac- 
tion into an aqueous phase, certain extraction conditions, as de- 
lineated in this paper, can minimize such interferences when their 
ion-pair extraction constants are less than that of the compound to 
be monitored. 


Although the spectrophotometric measurements of the biguanides, 
concentrated and separated from all but minimal materials, by the 
cited procedures were adequate to monitor these compounds in 
animal urine, more sensitive physical chemical methods could be 
developed and applied to quantify the biguanide removed from its 
biological matrix. 


Such additional methods would be needed when biguanide me- 
tabolites are formed that are extracted by the same procedures and 
would have similar spectra. Fortunately, metformin has no observ- 
able metabolites. 
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ing the presence 
The presence of 
indicated by a 


of a phenolic group in the molecule. 
a phenolic hydroxyl group was also 
broad absorDtion band at  350& 


3200 cm.-’ in the IR spectrum. A lack of peaks at  
1480 and 940 cm.-’ in the IR spectrum was suggestive 
of the absence of the methylenedioxy function in the 
molecule, which was confirmed by a negative Labat’s 
test and by a lack of absorption in the area of 6 p.p.m. 
in the NMR spectrum. 


An N M R  spectrum of fagaronine (Ia) in dimethyl 
sulfoxide, with tetramethylsilane as the internal stan- 
dard, showed peaks for -N+-CH3 (6 in p.p.m., 
singlet at 5.1 I), three -OCH3 (singlets at 4.24, 4.11, 
and 4.04), 6-position proton (singlet at  9.97), protons 
at positions I I and 12 (doublets centered at  8.86, J = 
9 Hz.,  and 8.16, J = 9 Hz.), and protons at  positions 
1, 4, 7, and 10 (singlets at  7.66, 7.94, 8.13, and 8.36). 
At this point, Structures Ia and Ib were suggested for 
fagaronine. 


A molecular ion, M+, was observed at m/e 350 in the 
mass spectrum of fagaronine, followed by peaks at  
m/e 349 (M+-l), 348, 335 (base peak, M-15), 334, 
320, 306, 292, and a doubly charged species at mle 
167.5. The formation of these ions can be explained by 
the mode of fragmentation proposed for such com- 
pounds by Torto and Mensah (3) and Slavik et al. (4). 
Structure la is favored over Ib for the structure of 


fagaronine because of the more favorable formulation 
of the peak at  m/e 349 (M+ - 1) (9 z). 


Final proof of the structure of fagaronine by syn- 
thesis is in progress. 
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ROOKS 


REVIEWS 


Handhook of Experimental Pharmacology, Volume 28, Part 2, 
Concepts in Biochemical Pharmacology. Edited by B. B. BRODIE 
and J.  R. GILLETTF.. Springer-Verlag New York, Inc., L75 Fifth, 
Ave., New York, NY 10010, 1971. xx + 778 pp. 16.5 X 25 cm. 
Price $75.00. 
This work completes Volume 28. Part 1 [reviewed in J .  Pharm. 


Sci., 60, 1765(1971)] covered the subjects of absorption, tissue 
distribution, and excretion of drugs, while Part 2 addresses the 
topics of analytical techniques [or the study of drug metabolism and 
the significance of microsomal and nonmicrosomal enzymatic 
metabolism of drugs to pharniacological action. The completed 
volume is well suited to serve as a single reference work on all 
aspects of drug disposition. The organization, indexing, and general 
arrangement will make this volume useful to the nonspecialist 
with a casual interest in drug disposition as well as to the graduate 
student and experienced investigator because of the encyclopedic 


nature of the coverage. Although each of the major topics treated in 
Part 2 (e.g., analytical methods for drugs and drug metabolites. 
pathways of drug metabolism, cytochrome P-450, and enzyme 
induction) has been adequately and extensively reviewed elsewhere, 
never has this information been brought together in a single work 
focused upon the specific question of the significance of these topics 
to drug action. 


In any book which is the product of the collaborative efforts of 46 
authors, it is to be expected that coverage of each topic will not be 
uniform with respect to scope and depth. This does not appear to be 
a serious deficiency of the present volume since the authors have 
provided extensive referencing (in convenient tabular form in many 
chapters) to take the reader beyond the material covered in the text. 
The brevity of some chapters does, however, leave the reader un- 
sated. Regrettably, this is the case with some of the more technically 
sophisticated and ncwer methods of analysis such as imniunoassay 
(4-page chapter), enzymatic assays (12 pages), and radioisotope 
derivative methods ( 3  pages). 
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Following the organization begun in Part 1, the present volume 
opens with Section Four: Methods of Studying the Metabolism of 
Drugs. Subsection A: Assay of Drugs and Their Metabolites is 
introduced with a chapter on Basic Principles in Development of 
Methods for Drug Assay written appropriately by B. B. Brodie 
whose efforts spanning 30 years in methodology development have 
been crucial in enabling the study of drug action and disposition to 
proceed at a rational level. Other chapters in the subsection cover 
Absorption Spectrophotometry (R. P. Maickel and T. R. Bosh), 
Fluorometry (H. S. Ackerman and S. Udenfriend), The Use of 
Labeled Drugs (R. P. Maickel, W. R. Snodgrass, and p. Kuntz- 
man). Radioactive Isotope Derivatives of Nonlabeled Drugs (R. 
Kuntzman, R. H. Cox, and R. P. Maickel), Gas Chromatography 
(M. W. Anders), Enzymatic Assays in Pharmacology (A. K .  Cho), 
an eloquent defense of Bioassay (M. Vogt), and the subsection closes 
with a glimpse of the applicability of immunoassay methods for 
drugs presented by S. Spector. The approach used in this portion 
of the book is briefly to identify the theoretical principles underlying 
the methods presented and immediately to launch into examples of 
their application to the measurement of drugs, drug metabolites, and 
some endogenous compounds in tissues, body fluids, excreta, and in 
cirro assay systems. Liberal referencing and the setting forth of many 
examples appraise the reader of the scope of each method. I highly 
recommend the chapter by B. B. Brodie on principles in the develop- 
ment of assay methods to young investigators and beginning gradu- 
ate students, since it gives an excellent overview of variables which 
must be taken into consideration in any investigation in which a 
drug or group of drugs must be quantitatively measured in a bio- 
logical matrix. The pitfalls in such analyses are well detailed. 
Throughout the subsection the methods chosen for discussion were 
judiciously selected for their application to the determination of 
weak organic electrolytes, a classification which covers the vast 
majority of drugs and other chemicals of broad biological signifi- 
cance. Particularly impressive are the short chapters on enzymatic 
assays in pharmacology and immunoassay in that these procedures 
offer the ultimate in both sensitivity and specificity, a marriage of 
virtues usually not inherent in a single analytical approach. 


Subsection B: Isolation and Identification of Drug Metabolites 
treats techniques useful in the preliminary separation of related 
compounds and their identification. Paper, Column, and Thin Layer 
Chromatography; Countercurrent Distribution; and Electro- 
phoresis procedures are covered by E. 0. Titus, with emphasis upon 
such practical considerations as choice of solvents for countercurrent 
distribution, extraction of metabolites from tissues, and properties 
of adsorbents for column chromatography. This approach enables 
the reader quickly to develop a “feel” for the practical applicability 
of the methods as well as to point out the important variables to be 
considered. Isotope Dilution Analysis (V. T. Oliverio and A. M. 
Guarino) is exemplified as a technique useful for the determination 
of drugs such as tolbutamide, thalidomide, and warfarin. A general 
survey of the utility Df spectroscopic methods for the identification 
of drug metabolites is given by P. Bommer and F. M. Vane. In this 
chapter, attention is directed to mass spectrometry, NMR, UV, and 
IR spectroscopy, optical rotatory dispersion, and circular dichroism. 
Examples are given of the application of NMR and mass spectroni- 
etry to the study of diazepam and triprolidine metabolism. While 
valuable, this chapter repeats much information presented by C. F. 
Chignell in Part 1 on methods for studying drug-protein interac- 
tions. The combined use of gas chromatography and mass spec- 
trometry as an approach to the separation and subsequent identifica- 
tion of closely related compounds is presented by A. M. Guarino 
and H. M. Fales. The power of the approach is well detailed and the 
tabular lists of examples of applications useful. One’s enthusiasm for 
the methodology is tempered, however, by the price of a complete 
system including a computer which effectively puts this technique 
out of the range of all but a few laboratories and research centers. 


The major strengths of Section Four are that the methods 
presented are highly relevant to their stated purpose, namely, the 
isolation, identification, and determination of drugs and derived 
metabolites in biological materials. Exposition of the methods is 
clearly directed to practical problems associated with their use, in 
contrast to many textbooks and reviews of analytical methods 
which frequently leave the biologist in a state of frustrated exaspera- 


. 


tion. Most significantly, each chapter is written by a biologist having 
wide experience in the application of the methods discussed. 


Section Five: Sites of Drug Metabolism is divided into Sub- 
section A : Microsomal Enzymes and Suhsection B: Nonmicrosomal 
Enzymes. The introductory chapter, Pathways of Drug Metabolism 
(R. T. Williams) is a clear exposition 0 1  the major metabolic reac- 
tions undergone by drugs and other foreign compounds, and 
prepares the reader for the in-depth discussions of individual path- 
ways of metabolism which follow. Chapters on Morphological 
Characteristics of Hepatocyte Endoplasmic Reticulum (J. R. Fouts), 
Cytochrome P-450 (R. W. Estabrook), Mechanisms of Induction of 
Drug Metabolizing Enzymes (H. V. Gelboin), and lnhibition of 
Drug Metabolism (G. J. Mannering) present broad considerations 
applicable to several pathways of metabolism. Estabrook’s treat- 
ment of cytochrome P-450 takes the historical perspective and traces 
well the attempts at resolution of important questions surrounding 
the functioning and significance of this species. Functioning of the 
microsomal enzymes in the metabolism of endogenous constituents 
such as steroids, fatty acids, and cholesterol is discussed by A. H. 
Conney and R. Kuntzman. Other chapters in this subsection cover 
Model Systems in Studies of the Chemistry and Enzymatic Activa- 
tion of Oxygen (V. Ullrich and H. Staudinger), Enzymatic Oxidation 
at Carbon (J. Daly), N-Oxidation Enzymes (J. H. Weisburger and 
E. K. Weisburger), Enzymatic N-, 0-, and SDealkylation (T. E. 
Gram), Reductive Enzymes (J. R .  Gillette), Oxidative Desulfuration 
and Dearylation of Selected Organophosphate Insecticides (P. A. 
Dahm), Metabolism of Halogenated Compounds (E. A. Smuckler), 
Glucuronide-Forming Enzymes (G. J. Dutton), and Tissue Distribu- 
tion Studies of Polycyclic Hydrocarbon Hydroxylase Activity 
(L. W. Wattenberg and J. L. Leong). Although some chapters are 
extremely abbreviated, each is a pithy account of the respective 
topics by an individual closely identified with the development of 
each research area. If the subsection has a deficiency, it may be that 
each of the enzymatic pathways discussed is not covered uniformly 
in depth and scope. As an example, one finds information on the 
influence of age, diet, drugs, and environmental factors upon 
glucuronide-forming enzymes, but not with respect to several other 
pathways. Species differences in enzyme activity are treated by some 
authors and not by others. On the whole this problem is offset by the 
liberal use of references. 


Subsection B of Section Five treats nonmicrosomal enzymes of 
importance both in the metabolism of drugs and normal con- 
stituents of the body. Such pathways as sulfate conjugation (A. B. 
Roy); acetylation, deacetylation, and amino acid conjugation 
(W. W. Weber); mercapturic acid formation (E. Boyland); acd 
methyltransferase enzymes (J. Axelroti) are surveyed but not 
covered in great depth. The chapter on Amine Oxidases (E. A. 
Zeller) identifies important questions regarding monoamine 
oxidase(s) such as the existence of multiple molecular forms of the 
enzyme, and speculation on the biological significance of its presence 
in tissues. A particularly valuable chapter is that on Enzymes that 
Inactivate Vasoactive Peptides (E. G. ‘Erdos), with emphasis upon 
kininases and angiotensinases. Esterases are surveyed by B. N. 
LaDu and H. Snady. The volume closes with a provocative chapter 
by H. G. Mandel on The Metabolism o f  Analogs of Endogenous 
Substrates. The emphasis here is upon the pharmacological and 
therapeutic significance of the metabolic conversion of drugs which 
are analogs of purines and pyrimidines, and describes the potential 
clinical importance of the modification of the metabolism of such 
agents in the treatment of neoplastic diseases. The examples chosen 
illustrate well the necessity of understanding the biological disposi- 
tion of drugs for the design of a rational therapeutic regimen. 


“Concepts in Biochemical Pharmacology” will be of wide 
utility to graduate students, investigators, and clinicians. AS a 
reference source, it should be available to departments of medicinal 
chemistry, biochemistry, biopharmaceirtics, and pharmacology. 
The volume will find a place as a classic work in the field of drug 
disposition. 


Reciewed by William F. Bousquet 
Purdue Uirioersity 
Lafayetre, 1N 47907 
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Application of Ion-Pair Methods to Drug Extraction from 
Biological Fluids 11: Quantitative Determination of Biguanides in 
Biological Fluids and Comparison of Protein Binding Estimates 


EDWARD R. GARRETT., JOSEF TSAU, and PETER H. HINDERLING 


Abstract 0 Simple methods for the quantitative determination of 
the biguanides (buformin, metformin, and phenformin) in blood, 
plasma, bile, and cerebrospinal fluid were based on the extraction 
of the 1 : 1 bromthymol blue ion-pair into methylene chloride. The 
spectrophotometric determination of the biguanide in the aqueous 
solution obtained by freeing it from the ion-pair by the addition of 
excess tetrabutylammonium hydroxide to the organic phase and 
reextracting gave sensitivities of 0.2 mcg./ml. Since direct extrac- 
tion precipitated proteins and irreversibly coprecipitated bigua- 
nides, the proteins were removed from blood plasma either by 
precipitation with trichloroacetic acid or by centrifugal ultrafiltra- 
tion. The biguanides remained in solution under these circum- 
stances. It was necessary to do a prior extraction of bile with rnethy- 
lene chloride to remove interferences before applying the ion-pair 
method with the subsequent assay procedures. Buformin and 
phenformin were more readily extractable as free bases from highly 
alkaline aqueous solutions by 1 : 1 chloroform-tert-amyl alcohol 
than methylene chloride, whereas the highly lyophilic metformin 
was inextractable. The partition coefficients of buforrnin and phen- 
formin in such systems were determined as functions of sodium 
hydroxide concentrations, and the pK'a values in water at 25" were 
estimated as 13.0. There was no significant difference between the 
50% centrifugal ultrafiltration method and the equilibrium dialysis 
method in determining the extent of protein binding of biguanides 
in both dog and human plasma, i.e., about 7-10z. Fifty percent 
ultrafiltration of biguanide-spiked blood or plasma is the preferred 
method over complete filtration for the determination of protein 
and erythrocyte binding. The latter tends to coprecipitate soluble 
biguanides and overestimates the extent of protein binding. There 
was no significant binding of the biguanides to the erythrocytes of 
whole human and dog blood. 


Keyphrases 0 Ion-pair drug extraction-biguanides from bio- 
logical fluids Biguanides-analysis in biological fluids, ion-pair 
extraction, comparison of protein binding estimates 0 Buformin- 
analysis in biological fluids, ion-pair extraction, protein binding 
estimates 0 Metformin-analysis in biological fluids, ion-pair 
extraction, protein binding estimates Phenformin-analysis in 
biological fluids, ion-pair extraction, protein binding estimates IJ 
Protein binding estimates-buformin, metformin, phenformin, 
dog and human plasma Bromthymol blue ion-pair extraction- 
biguanides from biological fluids 


A simple method for the quantitative determination 
of the three biguanides (metformin, buformin, and 
phenformin) in water and human urine was described 
in the previous paper of this series (1). This method was 
based on the ion-pair extraction of the biguanide into 
methylene chloride with bromthymol blue, with the 
subsequent reextraction into water of the biguanide 
freed from its ion-pair with bromthymol blue by tetra- 
butylammonium hydroxide. The biguanide in this 
aqueous solution was determined spectrophotometri- 
cally at 232 nm. 


This ion-pair method was not directly applicable to 
the determination of the three biguanides in plasma be- 
cause of the presence of plasma proteins. The plasma 


proteins were too easily denatured by organic solvents 
such as methylene chloride, chloroform, and benzene. 
Also, the denatured proteins apparently coprecipitated 
most large cations, such as the biguanides. Such pre- 
cipitation was observed, and no ion-pair of bromthymol 
blue-biguanide could be extracted from biguanide- 
spiked plasma by the above-mentioned organic solvents. 


Since proteins may be removed either by the treat- 
ment of plasma with a strong acid such as trichloro- 
acetic acid or by ultrafiltration through a semipermeable 
membrane, it was thought that the above-mentioned 
ion-pair procedures could be applied to the determina- 
tion of biguanides in plasma subsequent to such meth- 
ods of protein removal. 


Since De Waard (2) first used centrifugal force for the 
process of ultrafiltration, improved apparatus and 
techniques have been developed and widely used in 
protein-drug binding studies (3-6). Although it has 
been argued that this method may be less quantitative 
than dialysis because of the continually changing pro- 
tein concentration and the accumulation of proteins 
on the membrane surface (7-lo), it has been shown to 
estimate the extent of drug-protein interaction in agree- 
ment with dialysis methods (1 1-14). The advantages 
of this centrifugal ultrafiltration method are that it is 
simple and rapid. Recently, a high flux, preformed, ultra- 
filtration membrane formulated into a rigid and strong 
cone configuration became commercially available. 
These ultrafiltration cones have been shown to give 
results in excellent agreement with those determined by 
other methods for the protein binding of calcium (1 5).  


This paper presents the methods developed for the 
analyses of biguanides in whole blood and plasma; it 
also presents and compares the results of protein and 
erythrocyte binding studies by the ultrafiltration and 
equilibrium dialysis methods in the dog and man. 


EXPERIMENTAL 


Materials and Reagents-The materials used and the prepara- 
tion of 10-2 M bromthymol blue and pH 7.5 buffer were reported 
previously (1). 


Equipment-Spectral readings were recorded on a spectropho- 
tometer'. Polypropylene centrifuge tubes2 with screw caps and dif- 
ferent capacities (30, 50, and 85 ml.) were used. These tubes could 
be sealed tightly so that there was no solution loss due to the vapor 
pressure of the organic solvent (methylene chloride) on shaking3. 
The use of these polypropylene tubes prevented the loss of samples 
which was encountered when glass tubes were used for the rapid 


1 Cary 15 recording spectrophotometer, Cary, Calif. 
2 The Nalge Co., In?., Rochester, N., Y. 
3 Reciprocating, varlable speed shaking machine (S-74070), Sargent- 


Welch, Birmingham, Ala. 
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Table I-Partition Coefficientsa of Biguanides 


Phenformin 
Buformin 
Met formin 


~~~ ~ ~~ ~~ 


I Methylene Chloride/ Water System -. 
[NaOH]: 0.00 0.005 0.01 0.02 0.05 0.10 0.20 0.40 0.80 


0.01 0.03 0.06 0.08 0.17 0.24 0.32 0 43 0.57 
- 0.03 0.03 0.04 0 07 0.10 
- 0.00 0.00 0.00 0 01 0.01 


- - - 
- - - 


(1 : 1) Chloroform-tert-Amy1 Alcohol/Water System 
[NaOH]: 0.004 0.008 0.016 0.032 0.056 0.08 0.16 0.24 0.32 0.64 


Phenformin 0.18 0.32 0.55 0.80 1.11 1.08 1.76 1.92 2.40 2.37 
[NaOH]: 0.004 0.016 0.04 0.08 0.16 0.32 0.48 0.64 0.80 


Buformin 0.14 0 .23  0.33 0.46 0.81 1.17 1.48 1.37 1.42 
Met formin 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.045 0.05 


" The oil/water partition coefficient of the biguanides was calculated from 0.2 [(RI - Rb) - (R2 - Rk)] / (Rz  - Rb). where RI was the spectrophoto- 
metric absorbance of a biguanide at 232 nm. in the aqueous solution before extraction (about 1.30) and RZ was the absorbance after extraction of 4.0 
ml. of aqueous biguanide solution with 20.0 ml. of methylene chloride or 20.0 ml. of 1 : I  chloroform-rert-amyl alcohol as read against a water blank. 
The correction factors against the same blank were: Rbl which was the absorbance of the particular sodium hydroxide solution and ranged from 0.00 
to 0.07 with the increase in alkalinity; and R b  which was the background absorbance of the aqueous phase after the aqueous solutions without bi- 
guanide were extracted and included the correction for the saturation of the alkaline aqueous phase with the respective organic solvents. The R b  
correction for the methylene chloride extractions ranged from 0.045 to 0.1 15 with increasing alkalinity. The Rh correction for the chloroform-rerr- 
amyl alcohol extractions ranged from 0.00 to 0.50. 


separation of the extraction solutions by high speed centrifugation4. 
No additional spectral background at 232 nm. was found &hen 
these polypropylene tubes replaced the glass tubes used previously 
(1). The organic phase in the bottom layer was removed conven- 
iently by the use of a glass syringe with an 18-gauge, 15.24-cm. 
(6-in.) needle. The needle was cut at  a 90" angle to facilitate re- 
moval of the phase. In one method, the plasma proteins were re- 
moved by ultrafiltration through a membrane conel. 


Determination of Partition Coefficients of Biguanides in Organic 
Solvent-Aqueous Solution Systems-Aqueous solutions of bigua- 
nides M )  a t  different sodium hydroxide concentrations 
(from 0.005 to 0.80 N )  were prepared. Aliquots (4.00 ml.) of these 
solutions were shaken with 20.00 ml. of organic solvent (methylene 
chloride or chloroform-tert-amyl alcohol, 50: 50) for 30 min. 
After centrifugation, the aqueous phase was spectrophoto- 
metrically measured at  232 nm. Aqueous solutions of sodium hy- 
droxide similarly extracted by the organic phases were also mea- 
sured spectrophotometrically. The detailed studies are summarized 
in Table I. 


Determination of Biguanides in Human Plasma-Method a- 
V ,  (1.00 or 2.00) ml. of distilled water and 0.5 ml. of 100% or 1.0 
ml. of 50% trichloroacetic acid were added to  5.00 ml. of plasma. 
After shaking and centrifugation, 5.00 ml. of the clear solution 
(almost all) was siphoned to  another centrifuge tube (30 or 50 ml.). 
The pH was then adjusted to about 7.5 with concentrated sodium 
hydroxide and hydrochloric acid. V2 (2.0,3.0, or 4.0) ml. of pH 7.5 
buffer, V 3  (2.0, 3.0, or 4.0) ml. of Mbromthymol blue solution, 
and V4 (5.0, 10.0, or 20.0) ml. of methylene chloride here added for 
ion-pair extraction. After 20 min. of shaking on the mechanical 
shaker, the solution was centrifuged for 10 min. a t  2000 r.p.m. 
Then ( V4 - 1) ml. of the separated organic phase was transferred 
to another polypropylene centrifuge tube, to which an excess 
amount of tetrabutylammoniurn hydroxide (usually 0.10-0.20 ml. 
of 25 tetrabutylammonium hydroxide in methanol) and 4.00 
ml. of pH 7.5 buffer solution (or distilled water) had been added. 
The back-extraction of biguanide into water was effected by 20 min. 
of shaking and 10 min. of centrifugation. The aqueous phase was 
measured spectrophotometrically at  232 nm. against a water blank. 
The detailed studies are summarized in Table 11, and typical calibra- 
tion curves are given in Fig. 1. 


Method b-An aliquot (4.00 ml.) of biguanide-spiked plasma was 
centrifuged at 2000 r.p.m. through an ultrafiltration cone5 placed in 
an unsealed 50-ml. polypropylene tube for 2 hr. (The filtered pro- 
teins were resuspended in the cone after the addition of 1 .OO ml. of 
distilled water with the aid of a Vortex shaker for 1 min. The sus- 
pension was recentrifuged for 1.5 hr. a t  2000 r.p.m. This washing 
process was repeated again.) The combined filtrates were transferred 
to a polypropylene centrifuge tube (30 or 50 ml.) with a screw cap. 


Size I, model SBR, International Equipment Co., Needham Heights, 


Centriflo CF50 membrane filter cone with CSTL support, Amicon 
Mass. 


Corp., Lexington, Mass. 


The original centrifuge tube with the cone removed was washed 
twice with 0.5 ml. of distilled water, which was then combined with 
the filtrates. The combined filtrates were extracted by the ion-pair 
method by adding 0.5 ml. of pH 7.5 buffer, 5.0 of 1 0 - 2  M brom- 
thymol blue solution, and methylene chloride (10.0 ml. for phen- 
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Figure 1-Specfrophotometric analyses of various concentrations of 
biguariides in 4.00 ml. of human plasma arid 10.00 ml. of whole blood 
ajter trichloroacetic acid precipitation of proteins (Method a )  and 
separatiorr from interfering plasma constituents by the ion-pair 
method. The labeled curves for the compounds and the statistical 
parameters of their respective linear regressions were [curve, slope 
(b) or regression coefficient in absorbance units/mole/l. f staridard 
error of slope, and the intercept (a) of regression f standard devia- 
tioil about regression]: A ,  buformiti in plasma, 9770 i 77, 0.053 i 
0.013; B,  phenformin in plasma, 8871 =t 143, 0.048 =k 0.024: C,  
metformin in plasma, 7761 =k 148, 0.021 31 0.025; D ,  buformin in 
whole blood, 5418 =k 101, 0.057 f 0.016: E ,  phenformin in whole 
blood, 4982 f 144, 0.064 * 0.023; and F ,  metformin in whole blood, 
4454 =k 104,0.41 =k 0.016. 
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Table 11-Quantitative Analyses“ of Biguanide-Spiked Plasma and Whole Blood after Trichloroacetic Acid Precipitation of Proteins 


Slope- Percent 
(by,  -Recovery- 


Concentra- Range of Ab- Back- bance peri- 
tion Range, sorbance at  V,, VZ, V,, Vq. groundb Units/ SE Calcu- men- 


Medium Compound los M 232 nm. ml. ml. ml. ml. Reading mole/l. ( b )  latedd tale 


Studied Absor- EX: 


Plasma Metformin 2.86-28.60 0.1954.975 2.50 0.50 3.00 5.00 0.120 3023 132 43.8 23.3 


4.00-20.00 0.257-1.570 1.50 0.50 4.00 10.00 0.05Of 7761 148 98.5 52.9 
1.60-16.60 0,230-1.230 1.50 0.25 2.00 20.00 0.1154.16 6225 120 100 40.3 


Buformin 1.67-16.67 0.215-1.560 1.50 0.25 2.00 20.00 0.112 8805 99 100 55.3 
4.00-20.00 0.412-1.850 1.50 0.50 4.00 10.00 0.050f 9770 77 100 64.3 


Phenformin 1.67-16.67 0.26M.957 1.50 0.25 2.00 20.00 0.160 4905 160 100 29.9 
4.00-20.00 0.455-2.010 1.50 0.50 4.00 10.00 0.050f 8871 143 100 54.4 


Whole Metformin 4.65-18.60 0.2604.949 2.00 0.50 4.00 10.00 0.060f 4676 104 98.5 41.6 
blood0 Buformin 4.65-18.60 0.330-1.160 2.00 0.50 4.00 10.00 0.060’ 5794 101 100 47.9 


Phenformin 4.65-18.60 0,316-1.080 2.00 0.50 4.00 10.00 0.060’ 5386 144 100 41.0 


Five milliliters of the spiked plasma (or 4 ml. of the plasma obtained from the spiked whole blood) was mixed with V1 ml. of distilled water and 
0.50 ml. of 100% trichloroacetic acid. After shaking and centrifugation, 5 ml. of the clear solution from the spiked plasma (or all of the solution from 
the spiked whole blood) was transferred to another centrifuge tube. The pH was then adjusted to 7.5 with concentrated sodium hydroxide and hydro- 
chloric acid. VZ ml. of pH 7.5 buffer, V3 ml. of M bromthymol blue, and Va ml. of methylene chloride were then added for ion-pair extraction. 
The biguanide was freed from the ion-pair and back-extracted into water from (V1 - I )  ml. of separated organic phase, to which 0.1-0.2 ml. tetrabutyl- 
ammonium hydroxide solution and either 4.00 ml. of distilled water or 4.00 ml. of pH 7.5 buffer had been added. The spectrophotometric reading at 
232 nm. was read in the resultant aqueous phase. The background readings of a calibration curve were obtained by following the same analytical 
procedures except that no biguanide was spiked in the plasma or whole blood. The slope of the calibration curve for the designated original concen- 
trations of biguanide in plasma or whole blood where the absorbances were determined at 232 nm. in the final aqueous phase. When the concentra- 
tion of bromthymol blue is much higher than the biguanide concentration and the back-extraction of biguanide is quantitative, the percent recovery 
may be approximated by : 


where C %romthvmol h~,,* is the original concentration of bromthymol blue in the aqueous solution, & , I  is the 1 : 1 ion-pair extraction constant, and K 
= 7.18 (1). The experimental percent recoveries from plasma were calculated from ( b / C 2 3 ? )  X (4/5) X (Vi/ V4 - 1) X 100, where b is the slope of the cali- 
bration curve and the €232 values were given previously (1). The experimental percent recoveries from whole blood were calculated from (b/€232) X (4/4) 
X (4.3/4) x (l0/9) x 100. f These studies were conducted by back-extraction of the biguanide into 4.00 ml. of pH 7.5 buffer whereas the others were 
conducted with 4.00 ml. of distilled water as the aqueous phase. 0 Average amount of plasma obtained from 10 ml. of whole blood was 4.3 f 0.1 ml. 


Table 111-Quantitative Determinationsa of Biguanide-Spiked Plasma and Whole Blood after Separation of Proteins by Ultrafiltration 
~~~ ~ ~~ ~ 


Experi- 
Slope (b), mentalc 


Concentration, Reading Backgroundb Absorbance Recovery, 
Compound Vl I2 105 M at 232 nm. Reading Units/mole/l. S E  (6) z 


Metformin 20.00 
20.00 


Buformin 20.00 
20.00 


Phenformin 10.00 
10.00 


Metformin 20.00 
Buformin 20.00 
Phenformin 10.00 


0 
0 
0 


4.  W 1 2 . 0 0  


4.00-12.00 
4.00-12 .OO 


4.00-12.00 


4.00-12 .00 


4.00-12 .OO 


4.76-14.3 
4.76-14.3 
4.77-14.3 


Plasma 
0.375-0.980 
0.372-1.108 
0.409-1.110 
0.477-1.310 
0.3934.949 
0.427-1.161 


Whole Bloode 
0.2934l.800 
0.3704.950 
0.3204.785 


0.050 
0 .  080d 
0.050 
0.050 
0.110d 
0.050 


0.040 
0,040 
0.040 


7500 
8633 
8803 


10287 
7028 
9293 


5052 
5898.6 
4850 


40 58.6 
187 67.5 
66 65.2 


525 76.2 
89 48.5 


140 64.1 


44 41.4 
7 45.9 


248 35.1 


a An amount of 4.00 ml. of plasma was filtered through an ultrafiltration cone for 2 hr. at 2000 r.p.m. The proteins left in the filter were dispersed by 
1.0 ml. of distilled water by a Vortex shaker and refiltered for 1.5 hr. This protein washing procedure was repeated n times, and the filtrates were com- 
bined. Four milliliters of 10-2 M bromthymol blue, 0.50 ml. of pH 7.5 buffer, and VL (10.0 or 20.0) ml. of methylene chloride were added to the com- 
bined filtrates for ion-pair extraction. The biguanide was then freed from the ion-pair and back-extracted into water from all of the separated organic 
phase, to which 0.20 ml. tetrabutylammoniuin hydroxide solution and 4.00 ml. of pH 7.5 buffer had been added. * The background readings were ob- 
tained by following the same analytical procedures except that no biguanide was spiked in the plasma and whole blood and the absorbances were 
determined at 232 nm. in the final aqueous solution. The experimental recoveries from plasma were calculated from ( b l C 2 3 2 )  X 100, while those from 
10 ml. of whole blood were calculated from (b/e23?) X (4.214) X 100 since only 4.00 ml. of the resultant plasma was used. When filtered plasma was 
spiked and refiltered and the ion-pair procedure was carried through, the percent recoveries of phenformin, buformin, and metformin were 91, 89, 
and 79 %, respectively. The difference between these values and the experimental recoveries of biguanide (49, 65. and 59 %, respectively; see items in 
table under plasma for n = 0) from plasma spiked before filtration gives preliminary estimates of protein binding of 42, 24, and 20%. respectively. 
However, although all buformin’and metformin came through the ultrafiltration cone when 4.00 ml. of M biguanide solution was filtered, 20 % of 
the phenformin was retained by the cone. Thus, the estimated extent of protein binding would be 20% for phenformin, 24% for buformin, and 20% 
for metformin when the plasma is completely filtered. It has been argued (7,8) that this procedure tends to overestimate protein binding since complete 
filtration of plasma protein with precipitation in the cone from a substrate-containing plasma has been claimed to trap and inhibit the free passage of 
other soluble plasma components. Part of the background reading is attributable to the new ultrafiltration cone used. Average plasma obtained from 
10 ml. of whole blood was 4.2 + 0.1 ml. 


formin and 20.0 ml. for metformin or buformin). After 20 min. of 
shaking and 10 min. of centrifugation, the entire organic phase 
with its ion-pairs was separated by the previously described syringe 
with its needle. The biguanide was then back-extracted into an 
aqueous phase by adding 0.2 ml. of tetrabutylammonium hy- 


droxide solution and 4.00 ml. of pH 7.5 buffer to the previously 
separated organic phase together with 20 min. of shaking and 10 
min. of centrifugation at 1000 r.p.m. Spectrophotometric readings 
were taken of the aqueous phase. The detailed studies are sum- 
marized in Table 111. 
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Figure 2-Sprctrophotometric aitulyses of' biguanides iri uurioirs 
biological Pitids after separation .from in/erferer~ces by the iori-pair 
iiiethorl. Cirrve A (n  = 4 )  is for 2.00 mi. o f d o g  cerebrospirialfluid, 
and curre B (n = 4 )  is.for 1.00 ml. of' dog bile. The respective slopes 
in absorbance iinits/mole/l. f stat,dard error of slope arid the inter- 
cepts of the regression =t stuiidurd drriation about regression were: 
A ,  3593 =!= 203, 0.066 * 0.091; und B ,  2005 LIZ 40, 0.041 i 0.018. 
Curves C arid D (n = 6 )  are .for more sensitive assays of buformitz 
and pheriformbi by Metliotls r urid d ,  respectively, in 20.0 nil. of 
hummi plasma. 


Determination of Extremely Low Concentrations of Biguanides in 
Human Plasma-Method c-An amount of 1.4 ml. of 100% tri- 
chloroacetic acid was added to 20.00 ml. of phenformin-spiked 
plasma. After shaking and centrifugation, all of the clear solution 
was transferred to another polypropylene centrifuge tube ( 8 5  ml.). 
After adjusting the pH to  7.5, 0.5 ml. of pH 7.5 buffer, 15.0 ml. of 
lo-* M bromthymol blue solution, and 40.0 ml. of methylene chlo- 
ride were added for ion-pair extraction. After shaking and centrif- 
ugation, all of the separated organic phase, saturated with water, 
was transferred to another centrifuge tube and evaporated to -10 
ml. by constantly blowing air across the solution surface. After 2 
min. of shaking and 5 min. of centrifugation a t  2000 r.p.m., the 
aqueous phase produced during the evaporation process was re- 
moved by the previously described syringe and its needle. The back- 
extraction into an aqueous phase was effected by the addition of 
0.2 ml. tetrabutylammonium hydroxide solution and 4.00 rnl. of 
buffer solution with 20 min. of shaking and 10 min. of centrifuga- 
tion at  1000 r.p.m. Spectrophotometric readings were then taken 
of the aqueous phase. The calibration curve is given in Fig. 2. 


Method ci-An amount of 20.00 ml. of buformin-spiked plasma 
was filtered through an ultrafiltration cone in the centrifuge at  2000 
r.11.m. for 2 hr. The filtrates were divided into equal amounts and 
transferred to two 85-ml. centrifuge tubes. The ion-pair extraction 
was made in each centrifuge tube with 10.0 ml. of 10-2 M brom- 
thymol blue, 0.50 ml. of pH 7.5 buffer, and 30.0 nil. of methylene 
chloride. After extraction, the organic phases of both tubes were 
combined in another 85-ml. polypropylene centrifuge tube and 
evaporated to -20 ml. The aqueous phase produced by evaporation 


of this water-saturated organic phase was removed. The back- 
extraction of the buformin into the aqueous phase was effected by 
the addition of 0.20 ml. of tetrabutylammonium hydroxide soh- 
tion and 4.00 ml. of pH 7.5 buffer together with 20 min. of shaking 
and 10 min. of centrifugation at  1000 r.p.m. The spectrophotometric 
reading of the aqueous solution was then taken. The calibration 
curve is given in Fig. 2. 


Determination of Biguanides in Whole Blood-Solutions (0.9 
saline) that were lo-* M in the several biguanides were prepared. 
Various amounts of these biguanide solutions (0, 20, 40, 60, and 
80 PI.) were added to  10.00 ml. of whole blood. After hand-shaking 
to  mix well, the blood stood for 20 min. and was then centrifuged. 
The separated plasma (a 4.00-ml. aliquot of the obtained 4.1-4.3 
ml.) was assayed by Methods a and b. The detailed studies are sum- 
marized in Tables I1 and Il l ,  and typical calibration curves are 
given in Fig. 1. 


Determination of Protein Binding up to 3 X lo-' M Biguanides in 
Human Plasma-Method e-The filterable biguanide was deter- 
mined by assaying the filtrates of plasma samples using Method b 
for the determination of biguanides in plasma, except that the wash- 
ing procedures stated in the parenthesis were omitted. The fraction 
of biguanide bound to the cone membrane was determined by the 
comparison of 232-nm. UV readings of lo-' M biguanides with 
those of the filtrate of 4.00 ml. of lo-' M biguanide filtered through 
the ultrafiltration cone. The background reading was obtained by 
taking the 232-nm. UV reading of 4.00 ml. distilled water filtered 
through the ultrafiltration cone. The data obtained from complete 
filtration of plasma are given in Table 111. 


Method f-An aliquot (6.00 ml.) of biguanide-spiked plasma was 
filtered through an ultrafiltration cone for 40 min. a t  2000 r.p.m. 
An aliquot (2.00 ml.) of 3.00 ml. of filtrate mixed with 3.00 ml. of 


M bromthymol blue and 0.5 ml. of pH 7.5 buffer was shaken 
with 20 ml. of methylene chloride for 20 min. on a mechanical 
shaker for the ion-pair extraction. After centrifugation, the back- 
extraction of the biguanide was effected by shaking the separated 
organic phase with 4.00 ml. of pH 7.5 buffer solution after adding 
0.2 ml. tetrabutylammonium hydroxide. The spectrophotometric 
reading was then taken at  232 nm. An appropriate blank was run 
by spiking the filtrate of plasma with biguanide. After this procedure 
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Figure 3-plots of the reciprocals, Ilk', of the experimeiitully de- 
termined upparent orgunic solvent/water partition coefficicnt, k', 
nguirtst rhe hydrogen-ioti coricenirutiotis [ H + ]  = Kw/f[NaOH], 
nhere Kw = 10-14 and f is the actirity coc&cient ofhydroxide-ioii 
coi~crntratioii in the stared sodiirm hydroxide coiiceiitrutioii~ OJ Table 
1. The lines are iii accordurice with Ilk '  = Ilk + [H+l (l/Kak), 
where k is the intrinsic purtitioii coefficient ofnonprotonated bigiranide 
and K, is the upparent dissociatio~i constunt of its conjrigate acid. 
Curces A m d  D ,  n = I ,  arejor bi{formiii uritf phenformi:?, respectively, 
iii methylene chloridelwuter; crtrcrs B und C, n = 0, are tor buformin 
ciiid phenformin. respectirely, in I : I  clrlo~ojorm-tert-amyl aIcoIioII 
water. The curces arid their respective intercepts and slopes are: 
A ,  13.5, 9.5 X B,  0.5, 0.81 x C,  0.4, 0.22 X and 
D, 1.8, 1.67 X 10l3. 
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metformin 
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N H  N H  
phenformin 


CIH~-NH-C-NH--C-NH~ 
11 I I  


N H  N H  
buformin 


analogous amide 


was effected, the reextracted aqueous phase was read a t  232 nm. 
This procedure differs from Method e mainly in the fact that only 
one-half of the plasma volume is filtered through the cone. 


Comparison of Ultrafiltration and Equilibrium Dialysis Methods in 
Determination of Protein and Erythrocyte Binding of Metformin in 
Human and Dog Plasma-Method g-Analyses were made of 5 X 


M metformin added to  previously refrigerated 
4-day-old dog blood and plasma and to 3-week-old human blood 
and plasma in the manner described in Method f. The major varia- 
tions were that a 5.00-ml. aliquot of plasma or whole blood was 
filtered through an ultrafiltration cone for 30 min. a t  2000 r.p.m. 
at  25". Approximately only 50z of the volume was filtered in this 
interval t o  avoid an excessive accumulation of precipitated proteins 
on the inner surface of the cones and thus to  avoid a possible 
trapping of metformin (3,  6-10, 15). An aliquot of this filtrate (0.5 - 
2.0 ml., which varied with the metformin concentration studied) 
was carried through the rest of the stated procedure of Method f 
except that 10 ml. of methylene chloride was used. 


Metformin was added to  the plasma filtrate in the same concentra- 
tions and the same analytical procedure was followed. 


The analyses were commenced 5 min. after spiking the plasma 
with metformin. In the cases of metformin-spiked whole blood, the 
ultrafiltration step was initiated a t  5 ,  10, 60, and 120 min. and 24 
hr. after spiking to check for the possible time-dependent extent of 
erythrocyte binding. Hematocrits for the determination of the 
erythrocyte volume of whole blood were carefully determined. 


Method &The protein binding of similar concentrations of 
metformin in human and dog plasma was determined by equilib- 
rium dialysis. The three-chamber apparatus of Kruger-Thiemer 
et al. (16), separated by two Visking membranes, was used with 
plasma in the 5-ml. central chamber, metformin in sterile pH 7.4 
phosphate buffer solution in one outer chamber, and buffer alone 
in the other. 


Dialysis was permitted for 100 hr. a t  4" and subsequently for 6 
hr. a t  37" to minimize microbial contamination. Equilibrium was 
ascertained after this interval by the equivalence of metformin 
concentrations in both outer chambers. The ion-pair extraction 
procedure with spectral analysis of the back-extracted metformin 
was used directly on both outer compartments. The ion-pair ex- 
traction procedure and analysis of metformin in the middle chamber 
were conducted subsequent t o  a 50% ultrafiltration of the plasma. 


The pH's of all compartments were within 0.2 unit of each other 
and were maintained within 2~0.4 unit. The dilution of the plasma 
volume by osmotic water transport did not exceed 10%. When 
M metformin was placed in all three chambers of the apparatus for 
24 hr. at  37", no change in concentration was observed, indicating 
no significant binding of metformin to the membranes. 


Determination of Metformin in Bile and Cerebrospinal Fluid of 
Dogs-Aliquots (0-60 pl.) of metformin solution ( 1 Q P  M )  were 
added to 1 ml. of dog bile, which was mixed with 1.00 ml. of 
water and 0.100 ml. of lOOg/, trichloroacetic acid. The solution 
was decanted after centrifugation into another centrifuge tube, 
and 5.00 ml. of methylene chloride was added. The mixture 
was agitated ( 5  min.) and centrifuged for 5 min., and the organic 
phase was discarded. This purification procedure was repeated. 
The pH of the aqueous phase was adjusted to neutrality with con- 
centrated sodium hydroxide, and 0.5 ml. of pH 7.5 buffer, 3.0 ml. 
of 10-2 M bromthymol blue, and 10.0 ml. of methylene chloride 
were added for ion-pair extraction. The back-extraction of the 


M to 1 X 


dimethylacetamide 
C~H~CHZ-CH~-NH-C- -CH~ 


I1 
0 


phenethylacetamide 


C&-NH-C-CH3 
II 
0 


but ylacetamide 


separated organic solutions of the ion-pair was effected by the addi- 
tion of 0.15 ml. of 257; tetrabutylammonium hydroxide in methanol 
and 4.00 ml. of pH 7.5 buffer with subsequent shaking (20 min.) 
and centrifugation for 10 min. The resultant aqueous phase was 
spectrally assayed for metformin at  232 nm. 


Attempts had been made previously to use the trichloroacetic 
acid Method a and the cone-filtration Method b given for the 
determination of biguanides in plasma without further modification. 
However, colored components in the bile interfered with the 
assay. They formed gelatinous precipitates in the organic phase. 
Prior extraction of the pH 7.5 adjusted bile with methylene chlo- 
ride before ion-pair extraction into this. solvent was effective in 
removing these interferences, but the final yield of the biguanide 
was signficantly reduced. The procedure that gave the highest yield 
and effectively removed the interference was prior methylene 
chloride extraction of acidified bile before the subsequent ion-pair 
extraction into the same solvent from a pH 7.5 adjusted aqueous 
solution. 


Method a for the determination of biguanide in plasma was ap- 
plicable to the determination of metformin in cerebrospinal h i d .  
Trichloroacetic acid (0.3 ml. of 100%) was added to 2.00 ml. of 
metformin-spiked cerebrospinal fluid, and the mixture was shaken 
and centrifuged. The decanted clear solution was adjusted to pH 
7.5, and 0.5 ml. of pH 7.5 buffer, 3.00 ml. of 1 0 - 2  M bronithyniol 
blue solution, and 15.0 ml. of methylene chloride were added for 
ion-pair extraction into the organic phase. The addition of 0.15 ml. 
of 25 % tetrabutylammonium hydroxide in methanol and 4.00 ml. 
of distilled water t o  the separated organic phase was used to back- 
extract the metformin for spectrophotometric assay at  212 nm. in 
the aqueous phase. 


The calibration curves for metformin in dog bile and cerebro- 
spinal fluid are given in Fig. 2. These cover the ranges of concentra- 
tions encountered in the pharmacokinetic studies which will be 
reported in a subsequent paper. 


RESULTS AND DISCUSSION 


Determination of Partition Coefficients of Biguanides--The 
partition coefficients of the three biguanides for the methylene 
chloride-water system were determined as a function of sodium 
hydroxide concentration (Table I). Metformin could not be ex- 
tracted from water by methylene chloride even in a very strong 
sodium hydroxide solution (0.8 N). The only significant practical 
extractability of a biguanide was effected for phenformin with this 
system. It was indicated that buformin might partition slightly at 
higher alkalinities, although metformin partitioning into methylene 
chloride would not be significant. Thus, as a gcneral rule it would be 
best to minimize the volume ratio of the solvents, Q = C',,,,/V,,,, 
for the back-extraction of the freed biguanides from their ion- 
pairs into water from a methylene chloride phase, especially for the 
case of phenformin. A low pH of the aqueous phase should be 
maintained to ensure ready partition of phenformin into the aque- 
ous phase. However, under the conditions specified previously 
(Table I1 of Refereme I ) ,  each of these biguanides could be quantita- 
tively reextracted back into water from its ion-pair in mcthylene 
chloride solution by the addition of the requisite amounts 0 1  tetra- 
butylammonium hydrcxide to the organic solvent. 


A more effective solvent for the extraction of buforniiii and 
phenformin from aqueous alkali was with a 1 : 1 mixture of chloro- 
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Table IV-Estimated Protein Binding of 0-3 X lo-’ M 
Biguanide in Human Plasma by Centrifugal Filtration of Half of 
Potential Filtrate 


Percent 
Biguanide 
Bound to  


Metformin 5040 Z!Z 98 5441 + 55 7 . 4  
Buformin 6118 i 63 6626 zt 45 7 . 7  
Phenformin 5060 =t 50 7251 Z!Z 211 12 


a Slope of absorbance units a t  232 nm. of final aqueous solution of 
biguanide (after ion-pair and back-extraction in accordance with Method 
f) against biguanide concentrations of spiked blood plasmas, which vol- 
umes were 50% centrifugally filtered after spiking. Slope of absorbance 
units at 232 nm. of final aqueous solution of biguanide (after Method f )  
against biguanide concentrations of the spiked plasma filtrate, which fil- 
trate was obtained from blood plasma that was 50 % centrifugally filtered. 
“The E correction is the fraction of filtered biguanide bound to the 
filter cone in filtration of spiked filtrate which filtrate had been obtained 
from a previous 50% centrifugal filtration of blood plasma. B was only 
significant for phenformin and was 0.20 fraction of the concentration. 


form and rert-amyl alcohol. The partition coefficients of the 
biguanides were determined as a function of sodium hydroxide 
concentration and are given for this organic solvent mixture in 
Table I .  


The fact that metformin was negligibly extractable into organic 
solvents even at  the high alkalinities, when it should be at  least 
partially deprotonated, may be rationalized by its molecular re- 
semblance to dialkylated amides. 


The analogous dialkylated amides such as dimethylacetamide are 
low melting compounds (actually liquids) and are highly miscible 
with water in all proportions. Dialkylated amides have high aqueous 
solubilities relative to  the corresponding unsubstituted amides. 
Even high molecular weight compounds such as the N,N,N‘ ,N’-  
tetramethylphthalamides and N,N,N’,N’-tetramethylsuccinamides 
have solubilities in water of the magnitude of sodium chloride (17). 
These properties are attributed to  the high degree of molecular 
association which occurs among the irnsubstituted amide molecules 
as a result of hydrogen bonding (18). Thus, unprotonated and 
neutral monoalkylated compounds such as  buformin and phen- 
formin have a relative tendency to  “escape” into an  organic sol- 
vent in contrast to the unextractable dialkylated metformin. Sub- 
stitution of alkyl groups for the acidic N-hydrogens in these amides 
decreases the possibility of association among the amide molecules 
and favors solute-solvent interaction or solubilization (1). Thus, the 
higher molecular weight N,N,N’,N’-tetramethylphthalamide, even 
with its greater lipophilic substituents, is soluble in water to the 
extent of 710 g./l. at  30”, while phthalamideitself has a solubility of 
only 5.9 g./l. at  30” (17). This same phenomenon readily explains the 
inability of metformin t o  be extracted into organic solvents. The 
phenethyl group of phenformin gives this compound greater lipo- 
philicity than the butyl group gives buformin. 


The dissociation constant for the liberation of a protonated 
biguanide in the aqueous phase (Scheme 1 )  : 


BH+ @B + H +  
Scheme I 


is expressed by : 


The experimental oil/water partition coefficient is: 


k ‘  = [Blo/([Blw + [BH+Id (Eq. 2) 


and the pH-independent intrinsic partition coefficient for the distri- 
bution of the unprotonated species between the organic solvent 
and the aqueous phase is: 


k = [Blo/[Blw (Eq. 3) 


where the subscripts designate the species in the respective organic 
and water phases. 


It follows (19) from Scheme I and Eqs. 1-3 that: 


so that plots of the reciprocals (l/k’) of the experimentally deter- 
mined apparent partition coefficients, k’, against the hydrogen-ion 
concentrations should give straight lines with intercepts of I l k  and 
slopes of l/K,k. It follows that the reciprocal of the intercept is 
the intrinsic partition coefficient, k, and the quotient of the intercept 
and the slope is the apparent dissociation constant, K,, of the pro- 
tonated biguanide. 


The hydrogen-ion concentrations of the systems in which the 
partition coefficients were determined may be estimated from: 


[H+] = K,/[OH-] = K,/f[NaOH] (Eq. 5 )  


where the K ,  is taken as at  25”, and the activity coefficients, 
f, a t  25” of the sodium hydroxide solutions of Table I were ob- 
tained from the literature (20). Plots of I lk’  against [H+] in ac- 
cordance with Eq. 4 are given in Fig. 3. The apparent pKa values 
are about 13 as  estimated from the quotient of the intercepts and 
slopes. The specific estimates were 12.9 (methylene chloride/water, 
k = 0.074) and 13.2 (1 : 1 chloroform-rert-amyl alcohol/water, 
k = 2.0) for buformin and 13.0 (methylene chloride/water, k = 
0.55) and 12.8 (1 : 1 chloroform-fert-amyl alcohol/water, k = 2.5) 
for phenformin. 


Determination of Biguanides in Plasma and Whole Blood-The 
results obtained for the trichloroacetic acid precipitation of pro- 
teins (Method a of Esperimeurul) in the determination of biguanides 
in plasma under different conditions are summariLed in Table 11. 
In contrast to  biguanide assays from urine samples ( I ) ,  the assay 
from plasma gave very low and reasonably constant spectropho- 
tometric background readings. In the back-extraction of biguanide 
from the ion-pair into the aqueous phase, the use of 4.00 ml. of 
pH 7.5 buffer solution (items superscripted d i n  Table 11) instead of 


Table V-Estimated Protein and Erythrocyte Binding of 5 X 
Blood by Centrifugal Filtration of Half of Potential Filtrate 


M to  1 x 10-2 M Metformin in Human and Dog Plasma and 


-Percent Metformin Boundd- 
To Protein and 


To  Protein Erythrocyte 
[(S’ - S ) /  [(S’ - S”)/  


Su S I b  , y l J c  S’] x 100 S’]  x loo 
- ~ _ - _ _ _ _ _  Absorbance Units/mole/l. =t Standard Error----------- 


Dog 9457 3z 94 10,165 f 130 9,352 & 105 7 . 0  8 . 0  
Human 9887 + 45 11,001 =t 97 10,253 + 86 10 .1  6 . 8  


“ Slope of absorbance units at 232 nm. of final aqueous solutions of metformin (after ion-pair and back-extraction in accordance with Method g) 
against met formin concentrations of spiked blood plasma, which volumes were 50 centrifugally filtered after spiking. * Slope of absorbance units at 
232 nm. of final aqueous solutions of metformin (after Method g) against metformin concentrations of the spiked plasma filtrate, which filtrate was 
obtained from blood plasma that was 50% centrifugally filtered. Slope of absorbance units at 232 nm. of final aqueous solutions of metformin (after 
Method 6)  against metformin concentration of spiked whole blood corrected by the hematocrit for erythrocyte volumes (generally 0.35 of total blood 
voluiiic). The volumes of plasma were 50% centrifugally filtered after spiking. There was no significant binding of metformin to the filter cone sjnce 
Su = 9837 i 103 was the slope of absorbance units at 232 nm. of final aqueous solution (after Method g) against biguanide concentrations of spiked 
pH 7,4 phosphntc bufYer solutions which were not filtered, and SA‘ = 10,400 f 140 was the slope for such plots of spiked pH 7.4 phosphate buffer 
solutions whlch were centrifugally filtered through the cones. The difference of these slopes, Sg - SB’, is negligible. 







Table VI-Typical Data for Determination of Protein Binding by 
Equilibrium Dialysis 


Range of 
Estimated 


Percent Bound, 
100 (CM - CL)/C,W 


Left, CL Right, CR Middle, C.W (CM - CR)/CM 


lo4 x M of Metformin in Each Chamber 
----after Presumed Equilibrationo-- to 100 


Human Blood Plasma 
9.80 9.40 10.0 
1.80 1.70 2 .0  
0.80 0.72 0.96 


Dog Blood Plasma 
90.9 90.4 95.6 


9.71 9.90 10.60 
9.01 8.60 10.40 
8.90 9.20 10.40 
I .64 1.84 1.96 
1.64 1.76 1.96 


2.0-6.0 
10-15 
17-25 


4.9-5.4 
6.6-8.4 


13-17 
12-14 


6.1-16 
10-16 


~~ ~~ ~~ ~~ ~ 


The equipment consisting of three chambers separated by two 
Visking membranes (16) was used. Equilibration was affected for 100 
hr. at 4" and a subsequent 6 hr. at 37". No better equivalence between 
the CL values for the left and the C R  values for the right chamber was 
achieved. The normal volumes of left and right chambers were 2.5 ml. 
with 5.0 ml. in the middle chamber. 


an equivalent amount of distilled water produced significantly less 
background. As anticipated from the partition studies in a methy- 
lene chlorideiwater system. a relatively large ratio of organic to 
aqueous phase, when the latter is nonbuffered, gave a low recovery 
of phenformin (line 6 of Table 11). When less volume of methylene 
chloride and 4.00 ml. of pH 7.5 buffer solution were used for the 
back-extraction, the recovery of phenformin was greatly improved 
(line 7 of Table 11). The use of 4.00 ml. of pH 7.5 buffer for the back- 
extraction resulted in a final pH of the aqueous phase of 7.8 f 
0.2, when 0.2 ml. of tetrabutylammonium hydroxide solution was 
used. 


In  all the cases given in Table 11, the experimental recoveries 
were significantly lower than the theoretical and could be attributed 
to some residual degree of coprecipitation of the biguanide with 
the acid-denatured proteins. 


Typical calibration curves by Method a for metformin, buformin, 
and phenformin spiked in plasma (for the experimental conditions 
specified in lines 3, 5, and 7 of Table 11, respectively) and in whole 
blood (for the experimental conditions specified in Table 11) are 
given in Fig. 1. 


The results obtained foi the ultrafiltration method for removal of 
proteins (Method b of E~uperimerttcrl) in the determination of bigua- 
nides in plasma under different conditions are given in Table ILL 
The spectral background readings were low and apparently were 
not a function of different blood from different individuals. This 
finding was in decided contrast t o  the previous studies (1) on urine 
where there was a wide variation in background among urines 
from different individuals. The sensitivity of Method b is similar t o  
that of Method a ,  i.e., down to  5 x 10-6 M for 4 ml. of plasma. 
Method b is preferred in the case of biguanides since the acid treat- 
ment and the time-consuming pH adjustment procedures can be 
excluded. However, in the general case, if the protein binding of a 
drug to a nondenatured protein were important, the acid treatment 
of Method a may have to be used to free the drug from the proteins. 


Table 111 shows that the washing procedures given in the paren- 
theses under Method b do increase recoveries. However, the in- 
crease in sensitivity so gained may not warrant the extra 3 hr. of 
time and labor. 


Analytical Methods a and b for biguanide levels in human 
plasma and in whole blood (10.00 ml.) give similar results, and the 
data given in Fig. 1 are typical of either method. Also, metformin- 
spiked plasma samples were stored in the refrigerator for 4 and 9 
days and calibration clrrves were constructed for these times of 
storage for comparison with those plasmas studied immediately 
after spiking. There was no significant effect of storage on the plasma 
assay method by Method b. 


Normally, lower doses of the phenformin and buformin bigua- 
nides are given than are given for metformin (21, 22). Previous 
radiotracer-labeled biguanide studies (23) indicated that the plasma 


level was 0.1 mcg./ml. a t  8 hr. (>2 half-lives) after an intravenous 
injection of 1.2 mg./kg. for buformin-14C or 100 mg. of tritium- 
labeled phenformin. Since an intravenous dose up to 1000 mg. of 
metformin can be administered, plasma levels of 1-8 mcg./nil. have 
been reported (24). 


Thus, although the sensitivity of the ion-pair separation procedure 
combined with spectrophotometric assay, i .r.,  1 nicg./ml. for 4 
ml. of plasma, may be reasonable for pharmacokinetic studies on 
plasma metformin in animals, higher sensitivity would be needed 
for such studies with buformin and phenformin. The more sensitive 
Methods c and d could be applied to 20 ml. of plasma where larger 
amounts of organic phase for ion-pair extraction with subsequent 
concentration by solvent evaporation increased the sensitivity to 0.2 
mcg./ml. (Fig. 2). The spectral background (compare intercepts of 
curves in Fig. 1 to curves in Fig. 2) was increased only slightly when 
20.0 ml. rather than 4.0 ml. of plasma was used if the concentrated 
water-saturated organic phase was centrifuged and the precipitated 
aqueous phase was removed prior to the back-extraction of the 
biguanide into pH 7.4 buffer for spectrophotometric measurement. 
It follows that higher sensitivities of biguanide assay in plasma could 
result at  the expense of using larger volumes of blood. 


In summary, the ion-pair method for isolation and concentration 
of biguanides from blood, plasma, bile, and cerebrospinal fluid is an 
effective procedure. Both the trichloroacetic acid precipitation of 
plasma proteins and their centrifugal filtration serve as appropriate 
methods for the protein removal necessary for the application of 
the ion-pair techniques. The major limitations are the detection and 
quantification of the concentrated biguanide in the resultant organic 
or aqueous solution. A method of detection more sensitive than 
spectrophotometry, spectrophotofluorometry, or the others in use 
is still needed for the most detailed pharmacokinetics. 


Protein and Erythrocyte Binding of Biguanides-When centrif- 
ugally filtered human plasma samples were spiked and refiltered, 
the percent recoveries of phenformin, buformin, and metformin 
were 91, 89, and 7 9 z ,  respectively. The difference between these 
values and the experimental recoveries of biguanide [i.c.. 49, 65. 
and 57%, respectively (see items under plasma for / I  = 0 in Table 
III)] from plasma spiked before 100% filtration gave estimates of 
protein binding of 20, 24, and 20%, respectively, arter correction 
was made for approximately 20% binding by the filter cone of 
phenformin. 


When this centrifugal filtration procedure was repeated with 
the modificaticn that only half the plasma was centrifugally filtered. 
the estimated protein binding in human plasma (Table 1V) by met- 
formin, buformin, and phenformin was 7.4, 7.7, and 12%, respec- 
tively. These lower values confirmed the argument (7, 8) that com- 
plete filtration of drug-spiked plasma tends to overestimate the 
extent of protein binding because the complete protein precipitation 
in the filter cone traps and inhibits the free passage of other soluble 
plasma components. 


The binding of metformin to protein and to protein plus erytliro- 
cytes (Table V) determined by the half-filtration method under 
centrifugation shows no significant differences and indicates no 
significant binding or adsorption to  erythrocytes. I t  also cannot be 
concluded that the 7% extent of protein binding of metformin 
differs between dog and human plasmas. 


Typical data for the determination of protein binding by equilib- 
rium dialysis studies are given in Table VI. The apparent variability 
in the data exceeds that of the centrifugal filtration method (com- 
pare the independent studies of Tables IV and V). However, it 
cannot be concluded that there is any significant difference between 
protein binding estimates by the two methods. It was previously 
reported (25) that buformin a t  one concentration did not demon- 
strate any protein binding by the gel-filtration method to bovine 
albumin. Phenformin binding to  albumin also was studied pre- 
viously at  various concentrations by equilibrium dialysis through 
collodion membranes (26). N o  significant binding could be con- 
cluded. 
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Preformulation Investigation I: Relation of Salt Forms and 
Biological Activity of an Experimental Antihypertensive 


S.-L LIN*, 1;. LACHMAN*, C. J. SWARTZt, and C. F. HUEBNER 


Abstract The intrinsic dissolution rates of monohydrochloride, 
dihydrochloride, and disulfate salts and free base of an antihyperten- 
sive were studied. The comparative hypotensive activity of these 
compounds was studied in anesthetized dogs. The hypotensive re- 
sponses were also compared to a large number of renal hypertensive 
dogs who had received a placebo treatment. The results from the 
anesthetized dog study indicate that the hypotensive potencies of the 
three salts do not ditTer from each other; however, the intrinsic 
dissolution rates of the dihydrochloride and disulfate salts are 54 
and 42 times greater, respectively, than that observed with the 
monohydrochloride salt. These findings seem to  indicate the over- 
sensitivity of the iti ritro dissolution method in reflecting the in uioo 
hypotensive activity of the compound. The free base failed to  pro- 
duce a significant dose-response curve in the anesthetized dog study 
as well as in the renal hypertensive dog study. This is attributed and 
correlated to the fact that the in uirro dissolution rate of the free 
base is very low in magnitude as compared to  its corresponding salts. 
The results point out that in searching for a potential candidate of a 
drug substance, it is advisable to study routinely the effect of the 
salt form on the biological response. 


Key phrases 1-( 2,3-Dihydro-5-methoxybenzo[b]furan-2-ylmethyl)- 
J-(o-methoxyphen4l)piperazine and salts-dissolution properties, 
comparative antihypertensive activity in dogs Antihypertensive 
activity-1 -(2,3-dihydro-5-methoxybenzo[b]furan - 2-ylmethyl) -4- (o- 
met1ioxyphenyl)piperazine and salts, dogs n Dissolution pro- 
files-free base and salts of an experimental antihypertensive 
Structure-activity relationships-free base and salts of an experi- 
mental antihypertensive 


The dissolution rates, with respect to  pH, of several 
weak acids and their sodium salts in mediarepresenting 
GI fluids were first investigated by Nelson (1). The salts 


were found to  dissolve much more rapidly than the 
corresponding free acids. Similar but further elaborated 
studies on the dissolution kinetics in  reactive media were 
reported by Higuchi and his coworkers (2-4). Salt 
formation of benzphetamine and etryptamine as a 
potential means of obtaining timed release and/or 
prolonged action was studied ( 5 )  by measuring the 
median lethal time in mice and its relationship to in Ditro 
dissolution rates and solubilities. It was demonstrated 
(6) that the dissolution rate of the weak acid, theophyl- 
line, was markedly enhanced by employing its amine or 
alkanolamine salts. The differences in theophylline 
blood levels after oral administration of the salts in a 
clinical study were suggested to  be related to differences 
in dissolution rate. 


It has been documented that the therapeutic and ab- 
sorption efficacy of various drugs can be affected by 
various factors. Consequently, with the emphasis on 
drug bioavailability in the design of a dosage form, it is 
pertinent to investigate the various physical-chemical 
properties of the compound prior t o  preliminary for- 
mulation work. The scope of the preformulation work 
was aptly outlined by Simons (7). The present study 
deals with the physical-chemical evaluation of an 
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Factors AfTecting Water Vapor Transmission through 
Free Polymer Films 


J. SWARBRICK', A. H. AMANN*, and R. E. LINDSTROM 


Abstract Water vapor permeation studies were carried out on 
cast and sprayed polymer films. The polymers used were cellulose 
acetate phthalate and n-butyl methacrylate. Significant differences 
in permeability behavior were observed with the cellulose acetate 
phthalate films, depending on whether moisture was present on one 
or both sides of the film during permeation. This effect did not 
occur with the rt-butyl methacrylate films. These data, together 
with results on water uptake by cellulosic films, suggest that dehy- 
dration of the distal cellulose acetate phthalate film surface occurs 
when moisture is present only on the proximal surface. The effect 
has potential significance in the design of water vapor permeation 
tests on hydrophilic films. No differences were observed between 
the water permeation properties of sprayed and cast cellulose ace- 
tate phthalate films. 


Key phrases 0 Polymer films, free-factors affecting water vapor 
transmission 0 Water vapor transmission-free polymer films, 
factors involved 0 Permeation, water vapor-cast and sprayed 
polymer films, factors involved 


~~ 


In the past 10-15 years, polymers have been used in- 
creasingly as coatings for solid pharmaceutical dosage 
forms to facilitate product differentiation and appeal, to 
envelop unpleasant odors and tastes, and to protect the 
active ingredient and the dosage form against adverse 
environmental conditions. One important property of 
the coating in the last regard is its ability to protect the 
dosage forms from attack by atmospheric moisture, 
thereby increasing the life of a pharmaceutical com- 
pound or formulation susceptible to hydrolytic decom- 
position. It is, therefore, of importance to know to what 
degree moisture uptake is retarded by the application 
of polymer film coats to solid dosage forms. 


The usual method for determining the polymer of 
choice for film coating is through tests carried out on 
free (i.e., nonapplied) polymer films. These tests, in 
which thickness, temperature, film formulation, efc., 
are varied, are designed to  assess the ability of the free 
film to retard moisture permeation. 


Previous communications (1, 2) reported studies in 
which moisture permeation of polymer films was ob- 
served under conditions of a finite to  zero vapor pres- 
sure gradient. It was shown that the permeability con- 
stant for lipophilic films is virtually independent of film 
thickness and, as expected, increases with temperature. 
Furthermore, sorption of water vapor by the films does 
not occur to any appreciable extent. In contrast, the 
permeability coefficient for hydrophilic films increases 
markedly with film thickness and, for a given film thick- 
ness and vapor pressure gradient, varies inversely with 
temperature. In further contrast, the affinity of the water 
molecules for the polymer matrix leads to significant 
water vapor sorption which, in turn, acts to plasticize the 
film. 


It was suggested (2) that dehydration of the hydro- 
philic films may account for the decrease in permeation 


at higher temperature. If this is the case, then differences 
should be seen when water vapor, under the same pres- 
sure gradient, is present on both sides of the film. No 
significance has apparently been attached to this possi- 
bility in the earlier film permeation studies reported in 
the literature. 


An additional factor of interest, and possible concern, 
when making permeability comparisons between dif- 
ferent film systems is the method of preparation of the 
film. Most commonly, free polymer films are prepared 
by either pouring (casting) or spraying a solution of the 
polymer in a volatile solvent onto a suitable surface. 
After the solvent evaporates, the residual films are re- 
moved and used for study. It is conceivable that the 
method of preparation might lead to differences in  
molecular orientation within the film which could, in 
turn, affect moisture permeability. This possibility, as 
well, has not apparently received attention in the litera- 
ture. 


Accordingly, this paper is concerned with: (a )  the 
permeability characteristics of both hydrophilic and 
lipophilic polymer film systems, in which water vapor is 
present on one and on both sides of the film; and (b)  
the effect of the manner of film preparation on the per- 
meability characteristics of hydrophilic films. 


EXPERIMENTAL 


Preparation of Cast Films-Various amounts of cellulose acetate 
phthalatel and n-butyl methacrylate2 polymer solutions were poured 
onto glass plates on which were placed glass rings, of known diam- 
eter, t o  control the area of spreading. The compositions of the two 
polymer solutions were: 


Hydrophilic Film 
cellulose acetate phthalate 
diethyl phthalate3 
acetoneS 
methylene chloride', q.s. 


Amount 
50 g. 
12.5 g. 
400 ml. 
loo0 ml. 


Lipophilic Film 
n-butyl methacrylate 100.0 g. 
diethyl phthalate 2.5 g. 
acetone-methylene chloride lo00 ml. 


(1 : l), q.s. 


The solvents were allowed to evaporate overnight; the films were 
then removed and placed in a desiccator until required. Film thick- 
ness was at first measured by both density determinations and the 
use of calipers. However, since the thickness values obtained by 
the two methods were found to  be within 3 of each other, all sub- 
sequent determinations were carried out with the calipers. 


Preparation of Sprayed Films-A solution of cellulose acetate 
phthalate was sprayed onto vertical glass plates, using a spray gun 


1 Eastman Organic Chemicals. 
2 Dupont Elvacite 2044. 
3 Reagent grade. 
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Table I-Permeability Properties of Sprayed and Cast Cellulose 
Acetate Phthalate Films 


PO x 10-7, 
Film System Temperature g./hr./cm./mm. H g  


Table In-Amount of Water in Cast Cellulose Acetate Phthalate 
Films as a Function of Temperature 


g. Water/100 
Film System Temperature g. Polymer 


Cast film; moisture on one side 20 1.34 i 0 . 5 9  
of film' 30 i .30 =t 0.21 


40 O 1.06 i 0.47 
Cast film; moisture on both 20 1.60 f 0.89 


sides of film 30 2.37 f 0.98 
40" 3.69 i 0.89 


Sprayed film; moisture on both 20" 1.90 i 0.43 
sides of film 30 2.41 rt 0.71 


40 O 3.53 i 1.12 


a 95 % confidence interval. 


operating a t  a pressure of 2 p.s.i. The spray nozzle was adjusted so 
that a uniform coverage, 2.5 cm. in diameter, was produced at  a 
distance of 15 crn. Between spray cycles, the glass plates were heated 
to offset the cooling effect created as the film dried. The composition 
of the film solution used was: 


-. Hydrophilic Film Amount 
cellulose acetate phthalate 50 g. 
acetone 675 ml. 
ethanol3 25 ml. 
diethyl phthalate 12.5 g. 
methylene chloride, 4.3. lo00 ml. 


The films were left overnight; they were then removed from the glass 
plates and stored in a desiccator until required. 


Permeation Studies-The permeation cell was similar to that 
used by Patel e ta / .  (3) and consisted of a 34-ml. vial with a 1.7-cm. 
hole in the center of the cap. The film, cut t o  the appropriate size, 
was placed between two rubber gaskets, 1.9-cm. i.d., which were 
fitted inside the cap. Following the addition of 10 ml. of an appro- 
priate saturated salt solution, the cap containing the film and gasket 
was screwed onto the vial. 


The transmission cells and a single-pan analytical balance were 
placed inside a temperature-controlled oven. The vapor pressure 
conditions on the proximal film surface within the cell (upproximal) 
were controlled by the use of saturated solutions of various inorganic 
salts (4). Water vapor conditions on the distal film surface outside the 
cell (updistal) ranged from zero upward. In this manner, studies were 
carried out in which water vapor was present on one and both sides 
of the polymer membrane. In the former case, sufficient desiccant 
was placed inside the oven so that updlrtnl equaled zero. In the latter 
case, saturated salt solutions were used to control updistnl t o  a known 
value. In all studies described, the vapor pressure gradient (upproximnl 


- c ~ # I ~ ~ ~ $ I )  was held at 16.4(10.3 SE)  mm. Hg. 
The weight loss of the cell as a function of time was determined 


directly by means of the balance within the oven. The steady-state 
rate (dwldr) was determined, where dw is the weight loss in grams 
with time in hours, dr. Under these conditions, the amount of water 
entering the proximal surface equals the amount evaporating from 
the distal surface. To ensure that all weight losses were due only to  
water vapor transmission through the polymer films under investi- 
gation, experiments were conducted using aluminum disks as 


Table 11-Permeability Properties of Cast n-Butyl 
Methacrylate Films 


p ,  
Film System Temperature g./hr./cm./mm. Hg 


Moisture on one side of film; 20" 1.92 =t 0.60a 
film thickness = 22.0 x 1 0 - 3  25" 2.22 f 0.12 
cm. 35" 3.16 =t 0.32 


40 3.43 =!= 1.30 
Moisture on both sides of film: 20" 2.04 rt 0.28 


film thickness = 6.0 X 30" 2.59 f 0.22 
cm. 40 3.46 rt 0.46 


a 95 % confidence interval. 
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Moisture on one side of film 20 4.06 f 0.51- 
30 O 1.85 1. 0.10 
40 0.58 =t 0.20 


Moisture on both sides of film 20 O 4.00 =t 0.30 
30 O 3.02 f 0.29 
40 O 2.39 f 0.15 


~ ~~ ~ 


95 % confidence interval. 


"blanks" in place of the film. No weight loss was observed under 
these conditions. 


The permeability constant, P, was calculated from the following 
equation, as developed by Meares (5) from a consideration of Fick's 
first law of diffusion and Henry's law: 


P = [dw/df X II/[(CPproximai - Updistal) X A] (Eq. 1) 


where I is the film thickness in cm., and A is the exposed film area in 
crn.2. P has the units g. hr.-I cm.-' mm. Hg-l. Because P varies with 
I in the case of hydrophilic films, such as cellulose acetate phthalate, 
the permeability constants were determined at several thicknesses 
and the data were then represented by the following equation: 


P = (dP/d / )  + PO (Eq. 2) 


where Po corresponds to a theoretical thickness-independent permea- 
tion process such as is found with lipophilic film systems. Thus, with 
n-butyl methacrylate systems, dP/d/ = 0 and, hence, P = Po. 


The amount of water in cellulose acetate phthalate films at  dif- 
ferent temperatures was obtained by weighing the films prior t o  a 
run, when they were completely dried, and immediately after a run, 
when equilibrium moisture content conditions were in effect. 


RESULTS AND DISCUSSION 


The permeation data for cellulose acetate phthalate films are pre- 
sented in Table 1; those for ii-butyl methacrylate are listed in Table 
11. Examination of Table I shows that there is a significant difference 
in the permeability behavior of cast cellulose acetate phthalate films, 
depending on whether water vapor is present on one or both sides of 
the film during the study. With moisture present on both sides, Po 
increases with temperature. When water vapor at  the distal film sur- 
face is held at zero (i.e.,  moisture is present on only one side), Po 
shows an apparent decrease with increasing temperature, an effect 
observed previously (2). These data must be compared with those 
for n-butyl methacrylate films where, as seen in Table 11, under simi- 
lar vapor pressure gradients t o  those employed with the cellulose 
acetate phthalate films, P increases with temperature, irrespective of 
whether or not water vapor is present on one or both sides of the 
film. 


The behavior described may be rationalized on the basis of differ- 
ing degrees of hydration of cellulose acetate phthalate films, brought 
about by the conditions used to generate a certain vapor pressure 
gradient. Little or no sorption occurs when water vapor permeates 
n-butyl methacrylate films; therefore, no dehydration can occur as 
the temperature is raised. Consequently, it is to be expected that the 
permeability characteristics of such films are independent of the 
absence or presence of moisture at  the distal film surface. Moisture 
uptake does, however, occur with cellulose acetate phthalate films 
when water is the permeant. When water vapor is present on both 
sides of the film, dehydration does not occur as the temperature is 
raised, and the relative changes in Po with temperature closely re- 
semble the temperature-produced changes in P that are found with 
n-butyl methacrylate films. Only when updi.t%l is maintained at  zero 
does dehydration become a factor in moisture permeation through 
cellulose acetate phthalate films and lead to  a reduction in Po with 
increasing temperature (2). Presumably, under such conditions, the 
distal film surface is dehydrated to  a degree depending on the tem- 
perature. Increasing dehydration (or desorption) in a hydrophilic 
polymer is equivalent to deplasticization, and the result is an ap- 
parent reduction in the permeation process. 







This discussion is supported by determinations of the amount of 
water in cellulose acetate phthalate films having moisture on one or 
both sides of the film (Table 111). It is apparent that when Updistal is 
held at zero, the amount of water in the cellulose acetate phthalate 
film decreases at  a faster rate with increasing temperature than when 
VPd,bt, , l  has a finite value and moisture is present on both sides of the 
film. 


The question as to  whether cast films differ from sprayed films 
of the same polymer system in their water vapor transmission prop- 
erties is resolved from a consideration of Table I. It is apparent 
that there is no significant difference between the values of Po for 
each system at the three temperatures studied. 


SUMMARY AND CONCLUSIONS 


This work demonstrated that significant permeation differences 
from expected behavior exist with hydrophilic cellulose acetate 
phthalate films when the atmosphere adjacent t o  the distal surface of 
the film is devoid of water vapor. No such effect is observed with 
lipophilic rz-butyl methacrylate films. This anomalous effect, which 
increases with increasing temperature, is due to  partial dehydration 
of the cellulose acetate phthalate film. This factor should be kept in 
mind when developing realistic testing conditions for evaluating the 
water vapor permeation properties of free hydrophilic films, es- 
pecially if extrapolation to  coated solid dosage forms is anticipated. 


The results also show that the method of film preparation, be it cast- 
ing or spraying, does not affect the permeation characteristics of 
cellulose acetate phthalate films. 
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Colorimetric Estimation of Cephalexin, 
Cephaloglycin, and Related Compounds 


L. P. MARRELLI 


Abstract 0 A specific color reaction is described for the colorimetric 
estimation of cephalosporin derivatives having the following in- 
tact side chain in the 7-position: RCH(NH2)CO-, R being a hetero- 
cyclic or aromatic ring. The method is applicable for the detection 
of cephaloglycin (or desacetyl cephaloglycin) or cephalexin in 
urine. Penicillin analogs respond to  the test, but the sensitivity is 
much less. 


Keyphrases 0 Cephalexin and related compounds4olorimetric 
estimation 0 Cephaloglycin and related compounds4olorimetric 
estimation 0 Colorimetry-estimation of cephalexin, cephalo- 
glycin, and related compounds 


A specific colorimetric test was developed for the 
determination of cephalosporin derivatives having the 
following intact side chain in the 7-position : RCH(NH2)- 
CO--, R being a heterocyclic or aromatic ring. The 
o-phenylglycine derivatives of both 7-aminocephalo- 
sporanic acid (cephaloglycin l )  and 7-aminodesacetoxy- 
cephalosporanic acid (cephalexin2) responded well 
(1, 2). These compounds (0.5-1.0 mg./ml. in water) 
reacted with acetone and sodium hydroxide at  100” to 


Cephaloglycin is the generic name for 7-(~-a-aminophenylacet- 


Cephalexin is the generic name for 7-(o-ol-aminophenylacetamido)- 
amido)cephalosporanic acid. 


desacetoxycephalosporanic acid. 


form characteristic red chromophores. Ampicillin 
responded under the same conditions, but the sensitivity 
was not as great. Ampicillin must be present at  approxi- 
mately 50 times the concentration of cephalexin to give 
the same response in the test. Cephalexin and cepha- 
loglycin (desacetyl cephaloglycin present as a degrada- 
tion product) may be detected in urine at the concentra- 
tion specified. 


EXPERIMENTAL 


Reagents-The following were used : acetone, reagent grade; 
and sodium hydroxide solution, 13.0% w/v. 


Recommended Procedure-Transfer 2.0 ml. of aqueous sample 
(0.5-1.0 mg./ml.) to a test tube. Add 0.5 rnl. of sodium hydroxide 
solution and 0.3 ml. of acetone. Mix and cover tube with a marble. 
Place in a boiling water bath for 3 min. The formation of a red 
color indicates the presence of a cephalosporin derivative having 
the following intact side chain in the 7-position: RCH(NH2)CO-, 
R being a heterocyclic or aromatic ring. Determine the absorbance 
of the solution at  520 nm. after standing 3 min. 


The sensitivity of this procedure was increased considerably 
(0.1-0.2 mg,/ml.) by initially predegrading the sample under con- 
trolled conditions. Buffering the sample solution a t  pH 7 and allow- 
ing it t o  stand at 70” for 3 hr. were the conditions chosen for pre- 
degradation. The extent of color formation was found to be greater 


Ampicillin is the generic name for 6-(~-~r-aminophenylaceramido)- 
penicillanic acid. 
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This discussion is supported by determinations of the amount of 
water in cellulose acetate phthalate films having moisture on one or 
both sides of the film (Table 111). It is apparent that when Updistal is 
held at zero, the amount of water in the cellulose acetate phthalate 
film decreases at  a faster rate with increasing temperature than when 
VPd,bt, , l  has a finite value and moisture is present on both sides of the 
film. 


The question as to  whether cast films differ from sprayed films 
of the same polymer system in their water vapor transmission prop- 
erties is resolved from a consideration of Table I. It is apparent 
that there is no significant difference between the values of Po for 
each system at the three temperatures studied. 


SUMMARY AND CONCLUSIONS 


This work demonstrated that significant permeation differences 
from expected behavior exist with hydrophilic cellulose acetate 
phthalate films when the atmosphere adjacent t o  the distal surface of 
the film is devoid of water vapor. No such effect is observed with 
lipophilic rz-butyl methacrylate films. This anomalous effect, which 
increases with increasing temperature, is due to  partial dehydration 
of the cellulose acetate phthalate film. This factor should be kept in 
mind when developing realistic testing conditions for evaluating the 
water vapor permeation properties of free hydrophilic films, es- 
pecially if extrapolation to  coated solid dosage forms is anticipated. 


The results also show that the method of film preparation, be it cast- 
ing or spraying, does not affect the permeation characteristics of 
cellulose acetate phthalate films. 


REFERENCES 


( I )  G. S. Banker, A. Y .  Gore, and J. Swarbrick, J .  Pharm. Phar- 


(2) J. Swarbrick and A. H. Amann, ibid., 20, 886(1968). 
(3) M. Patel, J. M. Patel, and A. P. Ixmberger, J. Pharm. Sci., 


(4) “International Critical Tables, 111,” McGraw-Hill, New York, 


( 5 )  P. Meares, “Polymer Structure and Bulk Properties,” Van 


macol., 18,457( 1966). 


53,286( 1964). 


N. Y. ,  1928, pp. 248-292. 


Nostrand, New York, N. Y., 1965, pp. 257-274. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 24, 1972, from the Pliarmaceutics Secrion, 


Accepted for publication May 19, 19721. 
* Present address: Abbott Laboratories, North Chicago, 1L 60064 
A To whom inquiries should be directed. Present address: Sterling 


School of Pharmacy, University of Connecticut, Srorrs, CT 06268 


Winthrop Research Institute, Rensselaer. NY 12144 


Colorimetric Estimation of Cephalexin, 
Cephaloglycin, and Related Compounds 


L. P. MARRELLI 


Abstract 0 A specific color reaction is described for the colorimetric 
estimation of cephalosporin derivatives having the following in- 
tact side chain in the 7-position: RCH(NH2)CO-, R being a hetero- 
cyclic or aromatic ring. The method is applicable for the detection 
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urine. Penicillin analogs respond to  the test, but the sensitivity is 
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A specific colorimetric test was developed for the 
determination of cephalosporin derivatives having the 
following intact side chain in the 7-position : RCH(NH2)- 
CO--, R being a heterocyclic or aromatic ring. The 
o-phenylglycine derivatives of both 7-aminocephalo- 
sporanic acid (cephaloglycin l )  and 7-aminodesacetoxy- 
cephalosporanic acid (cephalexin2) responded well 
(1, 2). These compounds (0.5-1.0 mg./ml. in water) 
reacted with acetone and sodium hydroxide at  100” to 


Cephaloglycin is the generic name for 7-(~-a-aminophenylacet- 
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form characteristic red chromophores. Ampicillin 
responded under the same conditions, but the sensitivity 
was not as great. Ampicillin must be present at  approxi- 
mately 50 times the concentration of cephalexin to give 
the same response in the test. Cephalexin and cepha- 
loglycin (desacetyl cephaloglycin present as a degrada- 
tion product) may be detected in urine at the concentra- 
tion specified. 


EXPERIMENTAL 


Reagents-The following were used : acetone, reagent grade; 
and sodium hydroxide solution, 13.0% w/v. 


Recommended Procedure-Transfer 2.0 ml. of aqueous sample 
(0.5-1.0 mg./ml.) to a test tube. Add 0.5 rnl. of sodium hydroxide 
solution and 0.3 ml. of acetone. Mix and cover tube with a marble. 
Place in a boiling water bath for 3 min. The formation of a red 
color indicates the presence of a cephalosporin derivative having 
the following intact side chain in the 7-position: RCH(NH2)CO-, 
R being a heterocyclic or aromatic ring. Determine the absorbance 
of the solution at  520 nm. after standing 3 min. 


The sensitivity of this procedure was increased considerably 
(0.1-0.2 mg,/ml.) by initially predegrading the sample under con- 
trolled conditions. Buffering the sample solution a t  pH 7 and allow- 
ing it t o  stand at 70” for 3 hr. were the conditions chosen for pre- 
degradation. The extent of color formation was found to be greater 


Ampicillin is the generic name for 6-(~-~r-aminophenylaceramido)- 
penicillanic acid. 
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(1.8 times) if the buffered sample solution was allowed to  stand a t  a 
lower temperature (25");  however, the time necessary to reach 
maximum absorbance was 144 hr. 


RESULTS AND DISCUSSION 


The red chromophore described exhibits a peak at  520 nm. The 
color is stable for 30 min. and then slowly fades on standing. An 
effort was made to quantitate the color reaction for cephalexin; 
however, a nonlinear relationship was observed in the concentration 
range from 0.25 to 1 .0 mg./ml. 


Effect of Reagent Concentrations on Color Formation -A series of 
test tubes, each containing 2.0 ml. of an aqueous solution of 
cephalexin (1.0 mg./ml.), was prepared. Varying volumes of reagents 
(5z0.l ml. of that specified in the Recornmended Procedure) were 
added to the tubes and the test was completed. No significant dif- 
ference in the extent of color formation was found in the series of 
solutions tested. 


Effect of Heating Time and Temperature on Color Formation- 
A series of tubes, each containing 2.0 ml. of a solution of cephalexin 
(1.0 rnglml.), was treated with the volume of reagents specified in 
the Recomm~nclrc/Procedrrr.r and heated in a boiling water bath for 
varying periods of time. The heating time that resulted in the 
greatest extent of color formation was 3 min. A similar series of 
tubes was heated at varying temperatures for 3 min.; 100" was the 
temperature that resulted in the greatest extent of color formation 
in the time specified. 


Effect of Predegradation of Compound on Color Formation-- 
Urine samples containing cephalexin were tested by this technique. 
It became apparent that the color formation was more intense if 
the solution stood a t  room temperature for several days prior to 
testing. Investigation of this phenomenon revealed that the pH of 
the solution was definitely related to the extent and rate of color 
formation observed. 


The maximum rate and extent of color formation were achieved 
on testing a solution of cephalexin that had been buffered at  pH 7 
and allowed to stand a t  room temperature prior to the test. The time 
of standing at pH 7 (25") required to obtain a maximum absorbance 
in the test was 6 days for cephalexin solutions and 2 days for 
cephaloglycin solutions. This increase in color formation was con- 
current with the degradation of the cephalosporin prior t o  the test, 
as evidenced by the decrease in U V  absorbance at the nucleus wave- 
length, approximately 260 nm. 


Compounds Tested-Several compounds were tested by the 
recommended procedure to  determine the specificity of the color 
reaction. The following compounds gave a positive (+) or negative 
(-) response to the test: 


cephalexin 
cephaloglycin 
desacetyl cephaloglycin 
cephaloglycin lactone 
D-phenylglycine 
7-aminocephalosporanic acid 
7-aminodesacetoxycephalosporanic 
sodium cephalothin 
cephaloridine 
sodium cephalosporin C 
ampicillin (25-50 mg./ml.) 


+ + + + 
- 


acid - 


+ 
The sensitivity of the color reaction for cephalosporin derivatives 


was much greater than that observed for the corresponding peni- 
cillin analogs. The failure of the phenylalanyl derivative of 7-amino- 
cephalosporanic acid and the indole derivative of 6-aminopeni- 
cillanic acid to  respond was puzzling. The necessity of the presence 
of a heterocyclic or aromatic ring immediately adjacent t o  the a- 
amino group was conjectured. This theory could not he fully tested 
since an appropriate derivative was not found [RCH(NH2)CO- 
ceph, where R is an aliphatic chain]. 
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Influence of Chain Length on Oil-Water Ion-Pair 
Partitioning Behavior of p-Alkylpyridinium Chlorides 


K. C. YEH and W. I. HIGUCHI' 


Abstract 0 The intrinsic partition coefficients ( k l )  of p-alkylpyri- 
dines and the extraction constants (L)  of the corresponding ion- 
pairs of the protonated base chlorides were determined in chloro- 
form-water and octanol-water systems. A linear relationship with 
unit slope was found between log ( k t )  and log (R). This result has 
been explained on the basis that, because of methylene (CHZ) 
increments occurring distantly from the polar portion of the mole- 
cule, their influence upon the oil-water partition coefficient would 
be expected to be the same for the free base and the ion-pair. 


Keyphrases 0 p-Alkylpyridiniurn chlorides-influence of chain 
length on oil-water ion-pair partitioning behavior 0 Ion-pair 
partitioning behavior, oil-water-influence of chain length using 
p-alkylpyridinium chlorides 0 Chain length-influence on oil- 
wafer ion-pair partitioning behavior of p-alkylpyridinium chlo- 
rides 0 Partition coefficients, p-alkylpyridinium chlorides- 
chloroform-water and octanol-water systems 0 Extraction con- 
stants, p-alkylpyridinium chlorides-chloroform-water and octanol- 
water systems 


There has been increased interest in the understanding 
of substituent effects upon the oil-water partitioning 
tendencies of drugs because of the possible correlation 


of the latter with drug absorption efficiency and bio- 
logical availability in general. Studies on rat intestinal 
drug absorption (1, 2) and human buccal absorption 


1648 Jortrnal of Pharmaceutical Scieiices 








Journal of 
Pharmaceutical 
H .  Sciences 


AUGUST 1972 
VOLUME 61 NUMBER 8 


R E V I E W  A R T I C L E  


Physiological Effects of Environmental Stimuli 
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Keyphrases Physiological effects of environmental stimuli- 
review Environmental stimuli-physiological effects, review 
Stress reaction-relationship to environmental stimuli 0 High alti- 
tude stress -effects of decompression and hypoxia 0 Disease--as 
related to stress, environmental stimuli Environmental phar- 
macology --interaction of drugs and environment 0 Pharmacology, 
environmental-interaction of drugs and environment 


~~~ ~~ 


The physiological, biochemical, and behavioral 
effects of environmental stressors on the living organism 
have been under intensive investigation for over 3 
decades. Since Selye (1) first described the syndrome 
produced by various noxious agents in 1936, investi- 
gators have identified biochemical, physiological, and 
pathological, changes produced by nonspecific stress. 
Barry and Buckley (2) published a comprehensive review 
on drug effects on animal performance and the stress 
syndrome in 1966; therefore, this present review is 
restricted mainly to the more recent literature. 


Stress per se appears to be a contributing factor to  
the development of diseases of the cardiovascular sys- 
tem, CNS, and GI system as well as other chronic 
diseases. Physiological and endocrinological changes 
induced by environmental factors may alter drug ac- 
tivity markedly oiu physiological and/or biochemical 
changes, and chemicals may alter the response of the 
organism to its environment (3). In addition, environ- 
mental stimuli may alter drug metabolism as well as the 
absorption, distribution, and excretion of drugs. The 
time course relationship of biochemical, endocrino- 
logical, and physiological changes occurring during 
prolonged periods of stress exposure may be related 


to the development of specific pathological conditions 
and give us a better understanding of the disease pattern 
and perhaps a better rationale for the treatment of the 
disease (3). The public is presently concerned with en- 
vironmental factors that could in certain cases be called 
environmental pollutants. For example, Leake (4) 
recently defined noise as both a pollutant and a stressor. 
Changes in environmental conditions such as tem- 
perature, hypoxia, working conditions, and even traffic 
may produce marked psychological and endocrino- 
logical changes within the living organism. 


The purpose of this present report is to review the 
more recent data in an attempt to correlate the effects 
produced when living organisms are exposed to  condi- 
tions that produce anxiety and other emotional reac- 
tions and the development of certain chronic diseases, 
as well as the time course relationship of biochemical, 
endocrinological, and physiological changes that may 
be related to the development of these diseases. The 
possible alterations in drug action by environmental 
stimuli and the alteration of the response of the orga- 
nism to his environment by drugs are of utmost im- 
portance and have opened a new facet in pharmacology 
which could be called “environmental pharmacology.” 


ENVIRONMENTAL STIMULI AND 
THE SI’RESS REACTION 


Selye (1, 5-7) stated that the living organism subjected 
to alarming stimuli passes through three stages, which 
he termed the general adaptation syndrome (GAS). 
The three stages [(a) the alarm reaction, (6) the stage of 
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resistance, and ( c )  the stage of exhaustion] have been 
described in detail ( I ,  2, 5-7) and discussed in the 
hundreds of publications by Selye and his coworkers 
which are too numerous to list in this review. This re- 
sponse of the living organism to “nonspecific stressors” 
is well documented; however, it is still not universally 
accepted. Mason (8) strongly suggested that there should 
be a reevaluation of the concept of “nonspecificity” 
in  the stress theory, especially since some findings have 
emerged from the study of endocrine regulation which 
have important implications concerning the validity 
of the stress theory in general and the concept of non-  
specificity in  particular. He further reported that in 
initial attempts to study the endocrine responses to  such 
stimuli as exercise, fasting, heat, and cold, his group 
was struck by the fact that it was extremely difficult t o  
isolate these stimuli i n  the laboratory situation from 
their natural psychological concomitants. He suggested 
that the “primary mediator” underlying the pituitary- 
adrenal cortical response to the diverse stressors of 
earlier stress research may simply be’the psychological 
apparatus involved in emotional or arousal reactions to  
threatening or unpleasant factors in  the life situation 
as a whole. 


Adrenergic Component-Rats subjected to  chronic, 
intermittent exposure to variable environmental stress- 
ors (noise, lights, and motion) showed a significant 
increase in  the rate of turnover of norepinephrine i n  
the brain during the first 4 weeks of exposure to the 
stressors (9, 10). These investigators administered 
a-methyltyrosine, 100 mg./kg. P.o., to inhibit tyrosine 
hydroxylase, the rate-limiting step in catecholamine 
biosynthesis, and reported a 40-.50% depletion of 
brain norepinephrine in the nonstressed treated group 
whereas more than 80% of brain norepinephrine was 
depleted i n  the stressed treated group during this same 
time period. However, by the end of the 6th week and 
to the termination of the study at the 14th week, the 
percent depletion of norepinephrine was not significantly 
different between the a-methyltyrosine-treated stressed 
and unstressed groups. a-Methyltyrosine treatment also 
was capable of preventing the development of hyper- 
tension in  the stressed animals; the blood pressure of 
the untreated stressed group rose progressively to a 
mean systolic blood pressure of 151 mm. Hg by the 
10th week of stress exposure whereas the mean blood 
pressure of the a-methyltyrosine-treated rats at this 
time period was 108 mm. Hg. Electroshock stress 
caused an acceleration of the disappearance of 3H- 
norepinephrine, suggesting an increase in norepineph- 
rine turnover in the peripheral adrenergic system (1 1). 


Welch and Welch (12) found that exposure of Swiss 
mice to natural stimuli failed to accelerate brain cate- 
cholamine depletion after the inhibition of biosynthesis 
with a-methyltyrosine. However, the natural stimuli 
consisted of either isolation stress or crowding and, 
therefore, appear to  be less severe than that used by 
investigators reporting increased turnover (9- 1 1). 
Rubenson (1 1) found that cold stress produced a de- 
crease in  the tritiated norepinephrine content of the 
heart and skin but not of striated muscle, kidney, or 
spleen and that immobilization stress increased the 
turnover of norepinephrine from the heart and kidney 


but not from the spleen and striatcd muscle. Therefore, 
it would appear that the degree of the environmental 
stimuli and the time of exposure to the stimuli are of 
utmost importance in their overall effects on central 
and peripheral adrenergic activity. Humans subjected 
to three 2-hr. periods of the distracting criticisms, noise, 
and lights showed an increase in  systolic blood pressure 
and i n  the urinary excretion of norepinephrine and 
epinephrine indicative of an increased sympatho-- 
adrenomedullary activity induced by this simulated 
work situation (13) which also results i n  increased 
plasma triglyceride levels. It has been suggested that 
the plasma triglyceride concentration is in direct rela- 
tionship with the fat-mobilizing capacity of the indi- 
vidual which, in  turn, is determined by the level of 
sympathetic activity (14). Free fatty acid levels in  the 
circulating blood increased in  humans who, under 
hypnotic state, were given anxiety-provoking sugges- 
tions (15). The data obtained by these investigators 
suggest that the free fatty acid pool increase was due to 
a primary rise in  free fatty acid production, which 
could be inhibited through the usc of the 0-adrenergic 
blocking drug, propranolol. 


A large number of studies have recently been under- 
taken to investigate the physiological effects of noxious 
sounds or noise. High pitched sounds (10-20 kHz.) 
produced a release of the antidillretic hormone and 
epinephrine in  the rat (16). Exposure of normal human 
subjects and cardiocirculatory and psychotic patients 
to sound (2000 Hz.) for 30 min. at  an intensity of 90 
db. caused increased activity of adrenal cortical and 
adrenergic functions (17). Patients with chronic myo- 
cardial infarctions had a higher level of urinary excretion 
of norepinephrine than the other two groups, sug- 
gesting that cardiac infarction patients react to audio- 
genic stress with increased release of norepinephrine 
because of a more active aggressive psychological per- 
sonality. In addition, systolic and diastolic pressure 
rose significantly in  many labile hypertensive patients 
exposed to noise, correlating with increased catechol- 
amine excretion. The same authors found that some 
schizophrenic patients exposed to noise showed very 
high levels of urinary norepinephrine even under chlor- 
promazine treatment and that these high excretion rates 
of norepinephrine were similar to  excretion rates ob- 
tained in psychotics during extreme aggressive episodes. 


The response of living organisms to heat and cold 
stress differ somewhat from that obtained with other 
types of stressors. Leduc (18) showed that there was an 
increase in the urinary excretion levels of catecholamines 
during exposure of animals to cold, suggesting an in-  
crease in activity of the sympatho--adrenal system. 
Disulfiram, an inhibitor of dopalnine P-hydroxylase, 
decreased cardiac norepinephrine levels to  a greater 
extent in  animals kept at  2” than i n  animals kept at 
room temperature, suggesting an increase in  cardiac 
norepinephrine utilization during “exposure” (19). 
The norepinephrine levels in  the brain were significantly 
lower in animals kept at  both room temperature and at 
2”  following disulfiram administration, probably due 
to a rapid turnover of norepinephrine in the CNS. 
Disulfiram, on the other hand, produced an increase 
in  brain dopamine, which was ever) slightly more pro- 
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nounced in the animals exposed to cold. These data 
differ from those reported for rats subjected to  inter- 
mittent noxious stimuli; the stressed rats treated with 
a-methyltyrosine showed a marked decrease in brain 
norepinephrine when compared to treated nonstressed 
and untreated stressed animals, whereas there was no 
difference in the dopamine levels between the treated 
stressed and unstressed animals (9). 


Spector (20) found that rats exposed to either cold- 
room environment (4") or to exercise showed no sig- 
nificant difference in the endogenous content of tissue 
norepinephrine as compared to unstressed animals. 
However, after the administration of a-methyltyrosine 
the animals subjected to the stress exhibited a sig- 
nificantly greater reduction of the tissue norepinephrine 
levels, suggesting a greater utilization of the catechol- 
amine stores and an increased rate of synthesis during 
stress. Long-term exposure of mice (18) and repeated 
short exposures of mice (21) to cold produced an adap- 
tation of the animals to the cold environment. How- 
ever, the long-term adaptation to  cold resulted in in- 
creased sensitivity to norepinephrine, whereas short- 
term adaptation did not produce this change in nor- 
epinephrine sensitivity. Therefore, although both types 
of adaptation led to increased survival at very low 
temperatures, it appears that the mechanisms involved 
are different. Cold exposure resulted in a time-dependent 
increase in tyrosine hydroxylase activity in the adrenals 
and superior cervical ganglion (22); however, the in- 
crease in tyrosine hydroxylase activity in the CNS 
was restricted to the medulla oblongata. Although other 
investigators (23) showed that the highest increase in 
catecholamine synthesis following cold exposure oc- 
curred in the hypothalamus, most of the cell bodies 
supplying the hypothalamus with adrenergic fibers are 
located in the medulla oblongata (24) and the main site 
of enzyme synthesis is the cell body. The studies of 
Thoenen (22) suggest that the increased utilization of 
norepinephrine following cold exposure is not only 
compensated for by an immediate, short-term adapta- 
tion to the increased needs of transmitter production 
but also by a long-term adaptation involving induction 
of tyrosine hydroxylase. 


Norepinephrine released from peripheral sympathetic 
neurons appeared to function as the mediator for non- 
shivering thermogenesis in animals subjected to  pro- 
longed cold exposure (25). Rats treated with deca- 
borane, a compound that markedly decreases the 
norepinephrine content of the heart, spleen, and liver 
(26, 27), died within 4-6 days when exposed to 3", 
but all of the control animals survived (26). Since these 
animals increased their daily urinary excretion of epi- 
nephrine to amounts equivalent to  the entire epinephrine 
content of the adrenal glands, the results suggest that 
epinephrine cannot fully protect the animals from cold 
stress. Decaborane-treated adrenalectomized rats ex- 
posed to 3" died in less than 20 hr., whereas all of the 
adrenalectomized-control animals survived this tern- 
perature. The oxygen consumption of the rats at  4" 
increased by approximately 80% within 30 min. 


The basal metabolism and the plasma free fatty acid 
and glucose levels of chemically sympathectomized 


(28). 


animals at  room temperature were approximately 
normal (29); however, on exposure to cold they could 
neither conserve heat nor generate additional heat. 
Unlike animals having intact sympathetic systems, they 
demonstrated vasoconstriction, piloerection, and shiv- 
ering, and body temperature rapidly declined. These 
animals also failed to produce the expected increases 
in plasma free fatty acids and glucose, but there was an 
increase in plasma corticosterone. Chemically sympa- 
thectomized rats pretreated with epinephrine prior to 
cold exposure did show increased plasma levels of 
free fatty acids and glucose but also exhibited pilo- 
erection, vasoconstriction, and shivering. These studies 
(29) indicate that the sympathetic nervous system is 
absolutely essential for the mammalian organism to  
maintain thermal homeostasis when exposed to low 
temperatures. Data from these studies also suggest 
that the emergency mobilization of a vital source of 
stored energy, the triglycerides in fat depots, is under 
the direct control of norepinephrine released from 
sympathetic neurons and that epinephrine from the 
adrenal medulla is not needed for this function. There 
was a similarity in responses in  adrenalectomized 
and chemically sympathectomized rats exposed to cold ; 
however, the effects of adrenalectomy could be reversed 
by the administration of cortisone but not by epineph- 
rine. 


Tht  inability of adrenalectomized rats to survive in 
cold could also be reversed by other glucocorticoids 
such as dexamethasone and prednisolone or by chronic 
treatment with aldosterone (30). These treatments 
restored the responsiveness to catecholamines, suggest- 
ing that: (a) the adrenalectomized rat may be considered 
as a functionally sympathectomized animal because of 
impaired responsiveness of effector systems which 
normally are activated by sympathetic function, and 
(b)  the abilities of the animals to  vasoconstrict, pilo- 
erect, shiver, and mobilize glucose and free fatty acids 
are restored by the steroids. Rats exposed to  an environ- 
ment of approximately 5" for 2-7 weeks showed a 
significant decrease in both serum glucose and serum 
insulin concentrations (30). Since both epinephrine 
and norepinephrine inhibit the release of insulin, the 
cold-exposed animal should exhibit these lower blood 
insulin levels. 


Studies using the dopa-decarboxylase inhibitor N-  
(~~-seryl)-N'-(2,3,4-trihydroxybenzyl)hydrazine (RO 4- 
4602) in rats subjected to  cold stress showed that the 
treated rats excreted less norepinephrine in the cold 
environment than did the controls; however, this di- 
minished norepinephrine excretion was accompanied 
by an increased urinary epinephrine excretion (32). 
These data correlate well with the conclusion of Leduc 
(18) that, although norepinephrine is the main mediator 
in the chemical regulation of heat production, any 
condition that diminishes the secretion of norepi- 
nephrine elicits a compensatory increase in epinephrine 
release. Metaraininol administration (1 mg./kg. i.p.) 
2 hr. prior to exposing rats to 4" depressed the cold- 
induced increase in norepinephrine excretion which was 
accompanied by a compensatory increase in epineph- 
rine release, which presumably aided in the main- 
tenance of normal thermia (33). 
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Anterior Pituitary-Adrenocortical System-Rats ex- 
posed to  intermittent neurogenic stimuli for prolonged 
periods demonstrated a threefold increase in serum 
corticosterone levels from Weeks 1 through 4 (9, 10). 
The data suggest that the response of the living organism 
to prolonged periods of intermittent exposure to en- 
vironmental stressors appears to be divided into two 
distinct phases: 


1. The acute phase which involves stimulation of cen- 
tral adrenergic neuronal centers and concomitant lib- 
eration of ACTH from the anterior pituitary, resulting 
in elevation of adrenal steroid secretion. 


2. The chronic phase which is associated with a 
reduction in cortical steroid secretion and central 
sympathetic nervous activity to  prestress levels. 


The activation of central sympathetic centers and 
the concomitant stimulation of the anterior pituitary- 
adrcnocortical axis are important in the initial phase 
of the stress response, and these two components are 
temporally, if not causally, related. Smelik (34), in 
discussing the regulation of ACTH secretion, hy- 
pothesized that the stress response is initiated by activa- 
tion of the hypothalamic centers through afferents 
from the rhinencephalic or mesencephalic limbic sys- 
tems and that the posterior and anterior regions of the 
hypothalamus, respectively, mediate the subsequent 
phase of thc neuro--endocrine emergency response. There 
is an increase i n  the ACTH-releasing hormone (CRF) in 
blood of rats subjected to the stress of noise stimuli (35). 
In  addition, other stressful stimuli such as tension on the 
vagus nerve, surgical procedures under ether anesthesia, 
and hypovolemia also produce an increase in corticotro- 
pin-releasing factor. Although there are marked diurnal 
variations in plasma corticosterone levels, the changes 
observed in these levels in adult female rats subjected 
to 3-rnin. ether or immobilization stress did not differ 
(36). That is, despite the marked differences between 
morning (trough) and afternoon (peak) nonstress 
levels, similar stress-induced increments in concen- 
trations of plasma corticosterone were observed. These 
data suggest that the acute plasma corticosterone re- 
sponses to certain types of stressors are independent of 
endogenous variation i n  nonstress levels of this steroid 
in the female rat. 


There is also evidence of a circadian rhythm in hypo- 
thalamic corticotropin-releasing factor activity (37, 38). 
The peak value of corticotropin-releasing factor activity 
occurred at  6 :  30 p.m. and the minimum at 8 :  30 a.m. 
using a 13-hr. light cycle and an 11-hr. dark cycle be- 
ginning at 6:OO a.m. (38). These highs and lows are 
similar to those reported for corticosterone levels. 
Although circadian rhythm of corticotropin-releasing 
factor activity became evident between the 14th and 
21st days of postnatal life, the responsiveness of stress 
was evident as early as the 7th day (stress consisted of 
exposure to ether vapor for 1 min. followed by laparot- 
omy) (39). These investigators concluded that the 
slow maturation of synthesis or release of hypothalamic 
corticotropin-releasing factor may account for the 
“stress-nonresponsive period” during the early post- 
natal days in  the rat. 


There appears t o  be complete agreement that the 
pituitary -adrenal axis is activated during acute stages 


of stress. Immobilization stress increases the levels of 
both the adrenal and plasma corticosterone (40, 41). 
The possible role of adenyl cyclic adenosine mono- 
phosphate (AMP) in the response to  immobilization 
stress was also investigated (42). Rats subjected to  
varying periods of immobilization showed a maximum 
increase in cyclic adenosine monophosphate levels in 
the whole adrenal gland in approximately 30 min., with 
the levels returning to  baseline by 150 min. of immo- 
bilization. Pretreatment with theophylline, a phospho- 
diesterase inhibitor, decreased the onset of maximum 
levels of cyclic adenosine monophosphate in the adrenals 
to 10 min. of immobilization. Although these investi- 
gators found that the splanchnic nerve innervating the 
cortex exerts a synergistic influence on changes in cyclic 
adenosine monophosphate induced by pituitary factors, 
the data suggest that ACTH is mainly responsible for 
the increase in adrenal-cortical cyclic adenosine mono- 
phosphate. 


The role of central adrenergic activity in the control 
of ACTH release from the anterior pituitary induced by 
stress has been studied in several laboratories. A marked 
reduction in brain catecholamines produced by a- 
methyltyrosine or reserpine did not significantly affect 
the activation of the anterior pituitary-adrenocortical 
axis induced by a variety of stressors (43). Stimulation 
of ACTH release by reserpine was not related to the 
ability of this drug to  release or deplete brain catechol- 
amines (44, 45). Although these reports indicate a lack 
of causal relationship between brain amine release and 
pituitary-adrenocortical activation, the stressful pro- 
cedures utilized in these studies were severe and of short 
duration. These data may not be completely relevant 
to those responses obtained in animals subjected to  
prolonged stressful situations in which there appears t o  
be a definite temporal relationship between activation 
of central sympathetic centers and stimulation of the 
anterior pituitary-adrenocortical axis (9, 10). These 
latter studies exposed rats to 4 hr. of variable stressors 
that were composed of visual, audiogenic, and motion 
stimuli 3 days/week on a 6-day/week randomized 
schedule. 


The effects of each of these individual stressors on 
serum and adrenal corticosterone levels and in a i m  
adrenal corticosterone synthesis rates were recently 
investigated’. Prior to the first exposure but immediately 
following handling, the serum corticosterone levels were 
30 mcg./100 ml., which in controls fell to 15 mcg./ml. after 
90 min. and to  10 mcg./100 ml. a.t 3 hr. Exposure to  
audiogenic (100 db. for 30 sec. each 5 min.) or visual 
(150-w. spotlights for 30 sec. of each minute) stimuli 
produced serum corticosterone levels that were not 
significantly different than controls. However, motion 
(140 oscillations/min.) produced an elevated serum 
corticosterone level (51 mcg./100 nil.) in 30 min. which 
peaked (60 mcg./100 ml.) at  I hr.? declining slowly to 
42 mcg./100 ml. following 4 hr. of exposure to the 
stressor. Changes i n  adrenal corticosterone and corti- 
costerone synthesis rates in vitro paralleled those in 


~~ ~~ 


1 R. I. Ertel, T. Shih. and H. H .  Smookler. unpublished data. 
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serum corticosterone. Therefore, it appears that mo- 
tion, as a noxious stimulus, represents the most severe 
of these three environmental stressors and that chronic 
exposure produces changes in the sensitivity of the 
pituitary-adrenocortical axis l .  


Investigators have shown that serotonin stimulates 
ACTH secretion when administered parenterally to 
animals (46-48). There was an increase in the turnover 
time of brain serotonin of approximately 5 7 x  in iso- 
lated compared with grouped mice (49). Since the mice 
invariably became aggressive after 4 weeks of isolation, 
the changes observed in brain serotonin turnover sug- 
gested possible correlations between behavioral changes 
and central metabolism of serotonin. Studies undertaken 
to investigate the effect of variations in brain serotonin 
level on the reactivity of the anterior pituitary-adreno- 
cortical system to stress suggested that the changes in 
the whole brain serotonin level per se do not affect the 
degree of anterior pituitary activation due to  stress 
stimuli (50). However, it was also shown that changes 
in serotonin turnover are not necessarily reflected in 
the level of whole brain serotonin (49). Therefore, there 
is the possibility that alterations in turnover rate may be 
important in the activation of the pituitary by various 
stressors. Anesthetized dogs subjected to whole body 
vibration at  either 4 Hz., 0.4 g, or 10 Hz., 2.3 g, for 
2 hr. had an average increase of approximately 4 mcg. 
of 17-hydroxycorticosteroids/lOO ml. plasma and a 
significant increase in blood epinephrine but not in 
serotonin (51). Therefore, although there appears to be 
an interrelationship between adrenergic activity and 
anterior pituitary-adrenocortical axis activity in the 
response of the living organism to environmental 
stressors, the role of serotonin to  this activity is not 
clear. 


Miscellaneous Endocrine Changes-Although most 
investigators have concentrated on the effects of stress- 
ful stimuli on the anterior pituitary-adrenocortical 
axis, other hormones released by the anterior pituitary 
have also been implicated in the stress reaction. Rats 
subjected to social stress demonstrated a decrease in 
thyroid secretion, with over 66 % of the experimental 
animals dying within 6 days of exposure (52). The in- 
hibition of the thyroid gland appeared to be secondary 
to a decline in the output of the thyroid-stimulating 
hormone, and there appears to be a relationship between 
the increased output of ACTH and the lower production 
of thyroid-stimulating hormone (53). Hypoglycemia 
stress has been reported to produce a marked depletion 
of growth hormone from the anterior pituitary of the 
rat (54). Exposure of rats to varying types of stimuli 
have produced different effects on the content of the 
growth hormone in the rat's pituitary. For example, 
exposure to a temperature of 3" for 60 min. produced a 
depletion of pituitary growth hormone (55). In the same 
series of experiments, the exposure to audiogenic stimuli, 
consisting of ringing a doorbell in the animal's cage 
intermittently for 30 min., elevated the pituitary growth 
hormone, as did spleenectomy and formalin injec- 
tion. Other investigators (56)  also showed that growth 
hormone secretion can be acutely influenced by stress. 
Stress has been reported to  be a potent depletor of 
pituitary prolactin stores (57), and laparotomy and 


bleeding under ether anesthesia precipitously increased 
serum prolactin levels in the rat (58). 


HIGH ALTITUDE STRESS: DECOMPRESSION 
AND HYPOXIA 


The physiological and biochemical effects of decom- 
pression are complex in that they involve the effects 
induced by nonspecific stress plus the effects of hypoxia 
on certain organs, especially the myocardium and 
brain. Bernardini (59) stated that the study of aero- 
space pharmacology and of drug action at  altitudes 
should include attempts to distinguish the response to  
an overall reduced pressure as well as the response to  
alterations of environmental constituent gases. Studies 
were undertaken in which dogs were exposed to non- 
hypoxic, short-term, high altitude; it was found that 
when glucose-tolerance tests were conducted, the results 
varied in response to these conditions (60-62). Chlor- 
promazine, amphetamine, meperidine, and diphen- 
hydramine were given prior to a glucose loading and 
blood glucose decay was noted. All compounds ac- 
celerated the rate of glucose decay compared with the 
ground-level, nondrug condition. When the drug- 
injected altitude decay times were compared to the 
drug-injected ground-level time, those dogs injected 
with amphetamine and meperidine showed increased 
tolerance at  altitude (59). The chlorpromazine-injected 
animals showed decreased glucose tolerance, and the 
dogs injected with diphenhydramine showed little or 
no change. These studies suggested that certain drugs 
which exert action on systemic glucose metabolism a t  
ground level influence glucose handling to a different 
extent under nonhypoxic reduced pressure. In addition, 
reduced pressure alone increased glucose tolerance; 
therefore, it appears that within a reduced pressure 
environment, some factor or factors can be demon- 
strated independently of hypoxia. 


A large number of studies have been conducted in an 
attempt to  find compounds that could prevent or pro- 
tect living organisms from the adverse effects of hypoxia. 
The advantages of such a compound are evident not 
only in a situation of exposure to  high altitudes but also 
in many clinical conditions, especially diseases of the 
lungs and cardiovascular system in which the disease 
state leads to oxygen deficiency (63). The beneficial 
effects of ammonium chloride in hypoxia were believed 
to  be due to  the systemic acidosis produced by the com- 
pound (64,65). Carbonicanhydrase inhibitors have been 
reported to produce beneficial effects in preventing 
symptoms of high altitude hypoxia (66, 67), and it has 
been found that carbonicanhydrase inhibitors attenuate 
the respiratory alkalosis seen during hypoxia. Powell 
and Buckley (63) reported that phenformin hydrochlo- 
ride protected both anesthetized and conscious animals 
from the lethal effects of severe hypoxia by preventing 
cardiovascular collapse and CNS depression. They also 
found that phenformin produced marked respiratory 
stimulation and an arterial PcOI (partial pressure of car- 
bon dioxide) and pH significantly lower than, and an ar- 
terial Po, (partial pressure of oxygen) significantly higher 
than, those observed in untreated decompressed animals. 
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Additional studies demonstrated that phenformin 
hydrochloride markedly improved the lever-press 
shock-avoidance performance of rats at altitudes be- 
tween 5486 and 7315 m. (18,000 and 24,000 ft.) (68); 
however, the compound did not improve the ability 
of rats to  learn an avoidance program at these ele- 
vated high altitudes. Rats treated with phenformin 
hydrochloride for 7 days demonstrated a fivefold in- 
crease in  the myocardial glycogen content. as well as a 
marked increase in  glycogen content in  both liver and 
diaphragm (69). In these studies, blood lactate increased 
a p pro x i mat el y three fo Id fo 1 1 ow i n g p h en for m i n treat - 
ment and approximately eightfold after a single dose of 
phenformin plus 4 hr. of decompression. The data 
suggest that prolonged treatment with phenformin 
enhances the efficiency of recycling carbohydrate under 
anaerobic conditions and increases utilization of carbo- 
hydrate at the expense of lipid stores. Other investigators 
demonstrated that hearts with greater initial glycogen 
stores had higher glycogenolytic rates, and propor- 
tionately more lactate was produced from glycogen 
than from glucose (70). Therefore, anaerobic adenosine 
triphosphate (ATP) production per mole of hexose 
was greater in hearts with higher glycogen stores. These 
results demonstrate that both marked and minor eleva- 
tions in cardiac glycogen are associated with greater 
glycolytic reserve and improve mechanical resistance to  
anoxia. This appears to be mainly due to enhanced 
glycogenolysis and anaerobic adenosine triphosphate 
production (69). During glycoiysis, 3 moles of adenosine 
triphosphate are generated for each mole of glycogen 
used, but only 2 moles are generated for each mole of 
glucose used. Therefore, hearts with a greater fraction 
of lactate produced from glycogen would have pro- 
portionately higher rates of adenosine triphosphate 
generation (70). These data may partially explain the 
protective effects produced by phenformin (65, 68) 
and the fivefold increase in myocardial glycogen con- 
tent induced by phenformin in rats (69). 


McGrath el a / .  (71) reported that there is an adaptive 
response to  a high altitude exposure at the level of 
tissue function and that it could be seen as a greater 
capacity for the myocardium to continue to  contract 
under conditions of oxygen lack. This response appeared 
at least i n  part to be dependent on anaerobic glycolysis 
and the response could be correlated with other adaptive 
response such as hematocrit ratio. Norepinephrine- 
stimulated glycolysis was markedly inhibited by severe 
hypoxia, and these observations suggest that reduced 
mobilization contributes to  the loss of free fatty acids 
as a fuel source in  the severely hypoxic puppy (72). 
Furthermore, these data suggest that anaerobic glycolysis 
needs to  be considered as a factor in  impaired lipolysis 
during severe hypoxia. Heistad et nl. (73) subjected 
healthy males to a simulated altitude of 4267 m. (14,000 
ft.) and found that there was decreased vascular re- 
sponsiveness which was still apparent after 36 hr. of 
hypoxia, suggesting that adaptation of vascular reflexes 
had not occurred. Measurement of the response of 
heart rate to lower body negative pressure also sug- 
gested interference with cardiac reflexes during both 
acute and prolonged hypoxia. In contrast to a small 
increase in  arterial pressure upon standing during 


normal atmospheric pressure and normal oxygen, 
their data indicated that arterial pressure falls upon 
standing during hypoxia. This, of course, would be 
expected if reflexogenic mechanisms are impaired. 


Rats exposed to  a simulated altitude of 4572 m. 
(15,000 ft.) for 17-40 hr. showed no  significant altera- 
tion in I3lI uptake compared wjth ambient pressure 
controls (74). However, altitude-exposed rats did show 
an inhibition in the conversion of radio-monoiodo- 
thyrosine to  radio-iodo-thyrosine and radio-iodo-thy- 
rosine to  radio-thyroxine. These data demonstrate that 
thyroid activity in the rat is reduced by exposure to 
low pressures. The authors (74) suggested that the 
decrease in the release of the thyroid hormone would 
be a definite benefit to  the animals subjected to  hypoxia 
and could be regarded as an attempt on the part of the 
animal to adapt itself to its new environment. The 
effect of hypoxia on the sympatho- adrenal system of 
man was investigated by measuring the epinephrine, 
norepinephrine, and hydroxymcthoxymandelic acid 
excretion of adults confined to  a simulated altitude of 
2743--3657 m. (9OOO-I 2,000 ft.) (75). The norepinephrine 
excretion remained essentially the same as sea-level 
conditions; however, epinephrine and 4-hydroxy-3-me- 
thoxymandelic acid excretion significantly increased dur- 
ing exposure to low oxygen conditions. Subsequent stud- 
ies performed in a low pressure chamber at sea-level con- 
ditions showed a similar response as in  the low pressure 
chamber at reduced pressure, suggesting the importance 
of emotional factors during confinement to  the chamber 
(75). Bernardini (59) found that nonhypoxic factors 
contributed to  certain physiological responses obtained 
in high altitude studies; he suggested that physiological 
involvement may beconcerned not only with an increased 
or decreased oxygen content but with many metabolites 
and enzymatic reactions involving a gas formation 
within a reduced pressure environment. He further 
stated that with the adaptations an organism makes 
toward environmental changes, as might be reflected 
in  cardiovascular modifications, alterations i n  pul- 
monary mechanisms, and deviations of metabolism in 
general, there is a need for continued drug action studies 
under conditions of altitude exposure (59). 


Investigators have found that amphetamine and 
dextroamphetamine improked the intellectual and 
psychomotor performance of subjects exposed to  
simulated altitude of 5486 m. (18,000 ft.), whereas 
caffeine was ineffective (76). Hypoxia markedly po- 
tentiated barbital sleeping time i n  mice and slightly 
potentiated barbital sleeping time in rats (77). On the 
other hand, hypoxia effectively reduced convulsions 
produced by semicarbazide or methionine sulfoximine. 
In addition, lethality due to rn-fluorotyrosine was 
markedly decreased during hypoxia. Similar results 
obtained with exposure to  low oxygen at  normal atmos- 
pheric pressure or to room air at  reduced pressure 
suggest that potentiation of the hypnotic effects of 
barbiturates is associated with the hypoxic environment 
(78). The inability of mice to gain the righting reflex 
under hypoxia at  otherwise inadequate concentrations 
of pentobarbital and the prolongation of barbital 
hypnosis suggest an increased sensitivity of brain 
neurones to barbiturates (78). It appears feasible that 







there is an additive effect due to  the hypnotic effect of 
hypoxia and that of the barbiturates as well as the de- 
crease in the metabolism of pentobarbital due to  hy- 
poxia. 


Acute exposure of mice to a simulated altitude of 579 1 
m. (19,000 ft.) lowered body temperature and increased 
amphetamine lethality (79). The data in these studies 
suggest that the hyperthermic effect of amphetamines 
was not associated with the increased lethality at this 
altitude. A markedly increased Pol shortened hexobar- 
bital sleep times in the intact rat while decreased PO, 
lengthened it (80). These changes did not appear to  be 
related to the rate of hexobarbital transformation. A 
decreased PO, had no effect on the rate of metabolism 
of hexobarbital, harbital, zoxazolamine, phenylbuta- 
zone, sulfadiazine, and isoniazid, but an increased Po2 
increased the rate of disappearance of isoniazid and 
sulfadiazine from the plasma. Mice maintained at  
5486 m. (18,000 ft.) for 5 days and then injected with 125 
mg./kg. of hexobarbital had decreased sleeping times, 
smaller concentrations of brain hexobarbital 50 min. 
after injection, and increased liver microsomal metab- 
olism of the drug compared to  ground-level controls 
(81). These studies also suggest that the responsiveness 
of the receptor sites was not affected by altitude; the 
investigators concluded that the modification of drug 
action was due to stress of altitude exposure (8 l), since 
hexobarbital sleeping time is decreased by hind-limb 
ligation stress (82) and cold stress has been shown to 
affect microsomal drug-metabolizing enzymes (83). 
Guinea pigs born and raised at  altitudes over 3657 
m. (12,000 ft.) were more sensitive to  the hypnotic 
and lethal effects of pentobarbital than guinea pigs 
raised at sea level (84), whereas no differences were 
found in the toxicity of potassium cyanide, strychnine, 
pentylenetetrazol (Metrazole), epinephrine, histamine, 
or ethanol. Administration of aspirin to  rats maintained 
at a simulated altitude of 4634 m. (17,500 ft.) produced 
blood levels and a time course of these levels similar to  
those obtained in animals maintained at  normal at- 
mospheric pressure (85). 


Local ischemia appears to  be the major cause of 
myocardial infarction in humans and one of the most 
important deficiencies to  the myocardial tissue is oxygen 
(86, 87). Environmental hypoxia induced by subjecting 
rats to  an atmosphere of 6 z  oxygen and 94% nitrogen 
for periods ranging from 2 to  24 hr. caused myocardial 
degeneration in rats (88). The changes appeared within 
2 hr. and were most severe at  14-18 hr., decreasing 
thereafter even under the continuing hypoxia. Focal 
necrosis became apparent in  areas of degeneration at  12 
hr. and was later replaced by scar tissue. A single in- 
jection of isoproterenol, 40 mg./kg. s.c., produced 
similar effects. Therefore, these studies suggest that the 
isoproterenol-induced necrosis and necrosis induced by 
hypoxia may be due to  similar mechanisms; the authors 
concluded that the changes were related to  the unmask- 
ing of intracellular phospholipid and to  disturbance of 
hydrogen-transport systems (88). 


In a study in which dogs were artificially respired with 
room air or with a mixture of 12 
nitrogen, isoproterenol produced a reduction in heart 
rate and cardiac contractility in dogs with hypoxemia 


oxygen and 88 


(89). Isoproterenol, in doses from 0.02 to  500 mcg./kg. 
administered intravenously to dogs breathing room 
air, produced increased heart rate and reduced arterial 
pressure. Propranolol, 10 mg./kg. by intravenous 
infusion, prevented the lethal effects of isoproterenol 
when administered in massive doses to dogs breathing 
room air; it also prevented the lethal effects of isopro- 
terenol when administered in previously lethal doses 
to dogs artificially respirated with 12 % oxygen and 88 % 
nitrogen (89). These authors related their data to  the 
increase in mortality from asthma and suggested that 
it may be related to  the excessive use of aerosols con- 
taining isoproterenol. 


Higgins et al. (90) studied the effects of two anti- 
histamines upon performance of humans at  ground level 
[381 m. (1274 ft.)], 3048 m. (10,000 ft.), and 4267 m. 
(14,000 ft.). Two preparations were used. Compound A 
contained phenylephrine, 5 mg. ; phenindamine, 10 
mg.; aspirin, 320 mg.; and caffeine, 16 mg. Compound 
B contained chlorpheniramine maleate, 2 mg. ; aspirin, 
390 mg.; and caffeine, 30 mg. The compound containing 
phenindamine did not impair performance, whereas 
the compound containing chlorpheniramine produced 
detrimental effects on performance at  increased al- 
titudes. Although these investigators found no detri- 
ment of performance with the compound containing 
phenindamine, it did produce some uneasiness, jumpi- 
ness, and jitteriness. The conclusions reached by these 
investigators using combinations of drugs and relating 
them to the particular antihistamine that they were in- 
terested in may not be valid, since Compound A con- 
tained phenylephrine, a potent a-adrenergic stimulant. 
In addition, the side effects observed with Compound A 
are suggestive of increased adrenergic activity. 


Wistar rats, exposed to  a hypoxic mixture of 8 %  
oxygen in nitrogen for 10 min., showed a significant 
increase in brain y-aminobutyric acid; exposures of 
increasing severity (4% oxygen in nitrogen for 10 or 
15 min.) caused correspondingly greater elevations in 
the level of the amino acid (91). Wood (91) concluded 
that when animals are exposed to  hypoxic conditions, 
a decrease in brain-oxidative metabolism, including the 
y-aminobutyric acid shunt pathway, results. This 
causes an accumulation of y-aminobutyric acid which 
depresses nerve transmission, thereby conserving the 
available high energy compounds by lessening the 
requirement of the tissue for high energy metabolites. 
Therefore, y-aminobutyric acid acts as a homeostatic 
agent linking cerebral oxidative metabolism with the 
tissue function utilizing the products of this metabolism 
(91). 


Amino acid catabolism increased in rats acutely ex- 
posed to  a simulated altitude of 5486 m. (18,000 ft.) 
(92). This increase appears t o  be partially due to  a 
caloric deficiency at  high altitude and supports the con- 
cept that nutritional parameters must be considered 
when studying the influence of environmental extremes 
on metabolic response (92). 


STRESS AND DISEASE 


Rats subjected to  chronic intermittent neurogenic 
stimulation developed sustained hypertension (9, 10, 
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93, 94). Selye (95) reviewed the principal cardiovascular 
lesions produced by exposure to stress or by the stress 
hormones that regulate the body’s response during the 
general adaptation syndrome. Rosecrans et al. (96) 
reported that rats subjected to a condition avoidance 
situation developed a sustained hypertension. Other 
investigators Failed to show that stress is an etiological 
factor in the development of hypertension (97). How- 
ever, in  these experiments in which the rat was sub- 
jected to  intermittent electroshock, preceded by either 
a sound or light signal, the mean blood pressure of 
both the control and stress animals was within the 
hypertensive range. Plumlee (98) found that marked 
pressor effects could be conditioned on an avoidance 
design in monkeys. The avoidance schedules, however, 
did not produce chronic elevations in blood pressure 
and only transient effects were evident from the ex- 
perimental design used. Squirrel monkeys subjected to  
intermittent stress were found to  have higher mean 
serum cholesterol levels following the periods of stress 
and increased excretion of urinary 17-ketosteroids (99). 
Nine of 12 monkeys in  the stress group were found to  
have atherosclerosis of the coronary arteries, whereas 
none of the monkeys in the control group had coronary 
artery atherosclerosis. Studies have demonstrated that 
psychological stressors may cause cardiac arrhythmias, 
and acute psychological as well as physical disturbances 
have been observed in patients in  a cardiac infarction 
ward (100). Individuals living in an unfavorable en- 
vironment develop hypertension more often than others 
(101); these include telephone operators under strain 
of heavy responsibility, Negroes and Chinese living in 
an unfavorable environment, animals exposed to noise 
and cramped accommodations, and, under certain con- 
ditions, secretaries responsible for review articles. 


Systemic circulatory response to  stress of simulated 
flight and to physical exercise prior to  and following 
propranolol blockade was investigated by Eliasch 
et a!. (102). They found that heart rate, systemic 
arterial blood pressure, and cardiac output increased 
in pilots subjected to  a Link trainer simulated flight. 
When 5 mg. of propranolol was administered intra- 
venously, the increase in heart rate and cardiac output 
was significantly less when compared to the initial 
Right period. The augmented response in arterial blood 
pressure was not influenced by propranolol; thus it 
appears that peripheral vascular resistance remained 
increased. When approximately half of the subjects 
were subjected to physical exercise using a bicycle 
ergometer with and without propranolol treatment, in- 
creases in  cardiac output and arterial blood pressure 
associated with conspicuous falls in peripheral vascular 
resistance occurred ; however, propranolol induced a 
decrease in heart rate. These authors (102) concluded 
that their results indicate that /3-adrenergic receptor 
activity is extensively involved in the circulatory reaction 
to emotional stress. In contrast, this activity appears to  
be involved but less essential in  the achievement of the 
circulatory adjustments during moderate physical ex- 
ercise. 


Subjects exposed to frequent and dramatic environ- 
mental changes run a higher risk of developing myo- 
cardial infarction within a relatively short period of time 


(67). Further studies in male reha.bilitated survivors of 
myocardial infarction who gave weekly reports of all 
major life changes occurring during the previous week 
showed a positive and significant intrasubject covariation 
between the weekly sum of the life change units and the 
urinary output of epinephrine (10.3). These data further 
support the hypothesis concerning the role of catechol- 
amines in  the pathogenesis of degenerative heart disease 
possibly elicited by psychosocial stimuli (95). 


Ulcer in man has been described as the classic ex- 
ample of a “Psychosomatic Disease” (104). Damage to 
the GI tract is one of the several pathological changes 
that results from exposure to  stressors, especially im- 
mobilization stress (7). The GI  changes are confined, 
almost exclusively, to  the lower, glandular, acid- 
secreting portion of the stomach and appear to  be 
microscopically and histologically similar, irrespective 
of the means by which the animal is immobilized (104). 
A combination of cold and immobilization stress (105, 
106) and cold and continuous electric shock stress (107) 
produced gastric disorders. Rats placed in a cold room 
at 5-8” and subjected to continuous electric shock 
eventually adopted a stiff motionless posture resembling 
immobilization. Gastric lesions i n  the granular portion 
of the stomach were present following 8 hr. of exposure 
to the stressors, and 82% of the animals had these 
lesions following 12 hr. of stress (104). Ader (104) con- 
cluded that psychological factors d o  not in  themselves 
induce ulceration; but when there is an interaction with 
certain physical stimuli (c.g. ,  cold, drugs, and electric 
shock) or a biological disposition, psychological factors 
can exert significant effects. The lesions of the rat’s 
stomach, which are macroscopically and histologically 
indistinguishable regardless of the specific stimulus 
condition used to  induce the lesions, suggest that despite 
the nonspecific nature of some of the stimuli used, 
there may be some common pathway or mediating 
mechanism responsible for the development of such 
lesions, which is in agreement with the work of Selye 


Okabe er a/ .  (108) investigated the sensitivity of ex- 
perimentally induced chronic gastric ulcers in rats to 
cortisone treatment and exposure to  stressors with em- 
phasis on effects of the healing process. Large doses of 
cortisone administered from Day 1 aggravated the 
acetic acid ulcer by inducing a high rate of perforation. 
In contrast, cortisone acetate administered daily 50 
days after initiation of the study had little aggravating 
effects. When the animals in whrch acetic acid ulcers 
had been developed (109) were subjected to acute severe 
stress, no further ulceration occurred (108). The authors 
(108), therefore, questioned the participation of stress- 
ful factors in chronicity of gastric ulcers. However, 
since exposure to  stressors does increase plasma gluco- 
corticoid production (1, 5 ) ,  the effects of cortisone ad- 
ministration suggest that stress per se may potentiate 
factors contributing to  gastric ulceration i n  the early 
stages. 


Histological examination of gastric mucosa of mice 
following stress caused by restraint revealed scattered 
focal areas containing moderate vacuolization of 
cytoplasm in epithelial cells ( I  10). Eighty-five percent of 
the animals under stress had reduced mitosis when com- 


(1, 557). 
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pared to the controls, and 90% of the animals had 
reductions in labeled cells. These decreases were in 
areas of mucosa containing no histological changes 
and were pronounced in areas showing the histological 
alterations. Therefore, despite cell damage and loss 
during the development of the erosions, the rate of re- 
placement of epithelial cells was found to be signifi- 
cantly lower than that of the nonstress controls. 


Life situations of failure, social isolation, and role 
crisis in male college students have been associated 
with those individuals seeking treatment for respira- 
tory symptoms ( 1  11). College students seeking treat- 
ment for upper respiratory infections, asthma, hay 
fever, and neurosis were compared to a control group 
to compare the incidents of unresolved life change of 
students with intensities of symptomatology presented 
for medical care at  a student health service ( 1  12). It 
was found that the more incapacitating the disorder, 
the more likely situations of life stress were reported 
as having occurred during the year preceding the seek- 
ing of treatment. 


Investigators subjected mature female rats to auditory 
stimulation by an electric alarm bell at  an intensity of 
95-100 db. and found that exposure to  this stressor 
prolonged estrus and increased the weight of the uterus 
and ovaries and that the ovaries contained mature 
follicles and increased number of corpora lutea (1 13). 
Auditory stimuli also apparently enhanced anterior 
pituitary gonadotrophic function in mature rabbits, as 
demonstrated by an increase in the size of the ovaries 
and formation of follicle hematomata and corpora 
lutea. Auditory stimuli induced the same changes in 
the genital system as those induced by stimulation of 
the hypothalamus or administration of gonadotrophins 
(113). Exposure of rats to the stress of electric shock, 
which was effective in activating the pituitary adrenal 
axis as shown by increased plasma corticosterone levels, 
did not induce measureable changes in adenohypo- 
physeal LH and follicle-stimulating hormone (FSH) 
during a 24-hr. period following stress, suggesting that 
acute noxious stimuli did not have an effect on pituitary 
gonadotrophins ( 1  14). Exposure of rats to  sound stimuli 
had an inhibitory effect on reproductive functions of 
normal rats but not on rats rendered deaf by kanamycin 
(113). The fertility and birth ratios of rats decreased 
when intensive sound, light, and electric stress were 
applied preconceptionally and even more markedly 
when neurostress was applied subsequent to mating 
(1 15). This same study demonstrated that intensive 
sound, light, and electric stimulation did not influence 
the fertilizing ability of male rats. However, when these 
same stimuli were applied to female rats before allow- 
ing them to begin sexual life, they affected the repro- 
ductional processes and the life conditions of the fetuses 
even after a prolonged period of rest (1 15). 


Exposure of female rats to intensive sound, light, and 
electrical stimulation prior to conception and during 
pregnancy resulted in various developmental disorders 
in over 11 
in the controls (1 15). The most frequent disorder was 
cleft palate, syndactylia, and rudimentary development 
of the tail and hind extremities. Arvay (I  15) concluded 
that the teratogenetic effects induced by exposure of the 


of the newborn as opposed to less than 1 


mother to  noxious stimuli were due to elevated levels 
of endogenous ACTH, cortisone, and epinephrine. Ex- 
treme maternal anguish has been reported to increase 
greatly motor activity of the fetus (1 16), and emotion- 
inducing music causes an increase in the fetal heart rate. 
Emotional differences created in laboratory animals by 
frequent handling and petting produce offspring which, 
at  maturity, function better and are less anxious than 
those of mothers isolated during pregnancy (1 16). 
Humans in severe emotional states were reported to 
produce hyperkinetic and poorly functioning infants 
(1 16). 


Sound-induced convulsive seizures were produced in 
several species of rodents (1 17-1 19). Henry and Bow- 
man (120) showed that by exposing juvenile mice to 30 
sec. of intensive sound, they could induce a high degree 
of susceptibility to sound-produced convulsions. This 
acoustic priming of audiogenic seizures was not effective 
if the mouse was not exposed to the sound source before 
14 days of age and was maximal between 16 and 19 
days of age. Their data suggested that priming affects 
some developing neurostructure during this sensitive 
period and varies as a function of the genetic background 
of the mouse. Other investigators found that the prim- 
ing stimulation of susceptible mice can be either en- 
hancement or inhibition (121). They reported that the 
age of sensitivity in SJL/J males begins at  approximately 
18 days of age and declines after 35 days of age. Mice 
subjected to  sound stimuli a t  20 days of age exhibited 
90 seizure activity upon presentation of the test sound 
3 days later, whereas mice conditioned at  12 or 45 days 
showed little response upon reexposure (122). Rats 
subjected to  sonic stimulation not only developed audio- 
genic convulsive seizures but also myoclonic hyper- 
kinesis, shock hemorrhagic states, and cerebral hemor- 
rhage (123). Renal hypertensive rats subjected to sonic 
stimulation had five times the number of deaths, and 
hyperthyroid rats had approximately seven times the 
normal death rate. 


ENVIRONMENTAL PHARMACOLOGY 


Can environmental stimuli alter drug metabolism, 
drug absorption, and distribution and excretion of 
drugs or alter drug action through some other mecha- 
nism? These actions have been suggested in certain 
sections of this review, especially in relationship to high 
altitude stress (59,77-79). 


Investigators Bhowed that rats subjected to the stress 
of unilateral hind-limb ligation showed decreased sleep- 
ing times following barbiturate administration, suggest- 
ing an increase in liver microsomal enzyme activity 
(82, 124). Cold stress was reported to  have a stimulatory 
effect on hepatic microsomal drug metabolism in the 
rat (125). The enzymes involved in N-dealkylation of 
ethylmorphine and the hydroxylation of aniline were 
shown to  be stimulated after 1, 2, 4, and 7 days of ex- 
posure to cold. Mean liver weights showed no tendency 
to  increase during these periods, and the authors con- 
cluded that the increase in rate of drug metabolism was 
not due to increased enzyme synthesis; however, they 
also suggested that increased protein synthesis may be 
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involved in the stress-induced enzyme induction. Ryan 
et al. (126) concluded that the elevation in hepatic nic- 
otinamide adenine dinucleotide by chlorpromazine 
and stress of hind-limb ligation may be due to  effects on 
the pituitary-adrenal axis. 


The stress of simulated high altitude has been found 
to  enhance hexobarbital sleeping time (127). However, it 
has been suggested that the potentiation of drug-induced 
hypnosis during hypoxia may be related in part to the 
greater degree of hypothermia exhibited by mice ex- 
posed to  hypobaric conditions (77). The same investi- 
gators also found a marked potentiation of barbital 
sleeping time during hypoxia, and they found that the 
pentobarbital concentration in the body declined at  a 
slower rate in  the mice exposed to  hypobaric hypoxia. 
Their data suggest that hypoxia depressed drug metab- 
olism in uioo; however, there is the possibility of 
decreased excretion of pentobarbital during hypoxia. 
On the other hand, irz vitro studies showed that the 
hepatic microsomal fractions isolated from socially de- 
prived mice metabolized hexobarbital at a higher rate 
than the hepatic fractions isolated from control mice 
and that chronic social deprivation also increased liver 
weight (77). Although the aggressive behavior in the 
male mice increased progressively from Weeks 1 to  5 
of social isolation, the reduction in hexobarbital sleep- 
ing time seen after Week 1 remained at  the same level 
throughout the succeeding weeks of isolation. Female 
isolated mice did not develop fighting behavior but also 
exhibited a decrease in  hexobarbital sleeping time. The 
same group of investigators obtained data supporting 
the initial findings of Robinson et al. (127) concerning 
the effects of hypoxia on hexobarbital sleeping time and 
also found that social isolation enhanced microsomal 
enzyme activity. These results suggest that the effects 
of hypoxia are specific as compared to  other types of 
stressors. The hypoxia and accompanying hypothermia 
may possibly be related to a general reduction in cellular 
metabolism and a possible additive central effect be- 
tween hypoxia and the barbiturates. 


The interaction of drugs affecting both central and 
peripheral autonomic activity and environmental 
stressors have been investigated in many laboratories. The 
LDJo of amphetamine is much lower in  animals exposed 
to various types of stressors than in nonstressed animals 
(128, 129). Restraint stress does not enhance the norepi- 
nephrine-depleting action of amphetamines (97); stress 
induced by electric shock, revolving drum, and exposure 
of rats to 4" did not alter the brain levels of norepi- 
nephrine and serotonin or the activity of brain M A 0  
induced by amphetamine (129). However, investigators 
showed that electric shock stress produced a slight in- 
crease in  the levels of serotonin in the brain stem (131). 
Restraint stress markedly elevated 5-hydroxyindole, 
acetic acid, and serotonin in the mouse brain (132); 
these data suggest that the elevation of serotonin by 
stress may be associated with an increase-not a de- 
crease-in the metabolism in the serotonin. 


Adreno-demedulated rats chronically treated with 
guanethidine and maintained at 20" had a significant 
decrease i n  urinary output of norepinephrine ( 1  33). 
When the same group was exposed to  3",  there was no 
significant increase i n  norepinephrine excretion, but all 


of the animals died after 7 days. Control animals sub- 
jected to  3" temperature showed a threefold increase i n  
urinary norepinephrine within the first 24 hr., and no 
deaths occurred in this group. These data indicate that 
the prevention of the increased release of norepinephrine 
by guanethidine was responsible for the lethal effects 
of cold stress since earlier studie5 showed that cold re- 
sistance is dependent upon increased liberation of 
norepinephrine (18, 134). Maickel (135) critically re- 
viewed the interaction of drugs with autonomic ner- 
vous function and thermoregulation. Mammalian orga- 
nisms maintain a fairly constant internal body tempera- 
ture despite wide fluctuations in  the temperature of the 
external environment (1 36). Maickel suggested that such 
a closely balanced thermoregulatory system depends 
upon sensitive and highly responsive mechanisms that 
must intimately involve some aspects of autonomic 
nervous function ( I  36). He, therefore, investigated the 
effects of certain autonomic drugs on the rectal tem- 
perature of rats exposed to  low environmental tempera- 
tures. Drugs were administered by intraperitoneal in- 
jection 20-30 min. prior to placing the animals in the 
cold room maintained at  4". Sympatholytic agents pre- 
vented maintenance of normal body temperature by 
cold-exposed rats (1 35). Amine releasers also interfered 
with thermohomeostasis. Small doses of syrosingopine, 
which did not affect brain norepinephrine and serotonin 
stores and did not elicit ACTH release, also induced a 
significant fall in  body temperature of the cold-exposed 
rats, suggesting the importance of peripheral sympa- 
thetic function. Guanethidine, a compound that 
markedly lowers peripheral stores of norepinephrine 
(137), also produced an inability of the mice to  main- 
tain a normal body temperature under these adverse 
environmental conditions. Maickel et al. (138) had 
previously shown that the effects of peripheral chemical 
sympathectomy could be reversed by administering 
epinephrine. Ganglionic blockade with chlorisond- 
amine or pempidine produced marked decreases in 
body temperature of the cold-exposed mice. Central 
a-adrenergic blockade with phenothiazines also pro- 
duced a marked fall in body temperature, with tri- 
fluoperazine being the most potent of the compounds 
investigated (1 35). The anticholinergic compounds 
atropine and methylatropine produced only a small 
but significant effect on thermoregulation; whereas the 
cholinergic compounds tremorine and oxotremorine 
were shown to cause body temperatures of cold-exposed 
rats t o  fall, despite markedly increased plasma levels of 
glucose and free fatty acids (136). Using the autonomic 
drugs as tools, Maickel concluded that the sympathetic 
nervous system is the messenger-control unit for the 
mobilization of calorigenic substrates from storage 
sites and that the parasympathetic nervous system is the 
messenger-control system for the utilization of calori- 
genic substrates in the production of cellular heat 
(135). 


Increased sympathetic nerve activity has been pro- 
posed as a necessary and mediating factor in the ob- 
served stimulation of catecholamine synthesis during 
exposure to  cold (139), and inhibition of tyrosine 
hydroxylase during cold exposure results in a depletion 
of norepinephrine in the rat heart. Ganglionic blockade 
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with chlorisondamine or pentolinium could eliminate 
phentolamine or cold-exposure-induced stimulation of 
catecholamine synthesis in the rat and indicates that 
a-adrenergic blockade and cold exposure mediate the 
stimulation of catecholamine synthesis uia an increase 
in adrenergic nerve activity (140). 


The effects of heat, cold, and work on the central 
action of scopolamine were investigated in healthy 
male volunteers at temperatures ranging from 4 to 41 " 
(40 to 105" F.). The mental and motor impairments 
induced by a low dose of scopolamine were significantly 
increased in ambient temperatures of 35 and 41" (95 
and 105" F.), and the central effects of the heat-drug 
stress showed no relationship to body temperature 
(141). 


Rats maintained at temperatures ranging from 2 to 
38" were treated with scorpion or rattlesnake venom, 
and both venoms were found to be more toxic to 
rats at either high or low temperature (142). Also, 
the greater the temperature change the greater the 
change in toxicity, and the toxicity of the two venoms 
was increased by administration of epinephrine. Since 
epinephrine is released under conditions of stress, the 
author concluded that the mechanism causing the 
increase in toxicity of the venoms during stress seems to 
be at least in part a result of the synergism between the 
venoms and epinephrine (142). The effects of anti- 
pyretic drugs on the change of body temperature of male 
albino rabbits exposed to extremes in environmental 
temperature showed that oral administration of these 
drugs exaggerated the decrease in body temperature 
when the animals were exposed to -5"  (143). The 
increase in body temperature caused by raising en- 
vironmental temperature from 25 to 35" was exaggerated 
by smaller doses of the antipyretic drugs (aspirin, 
acetophenetidin, antipyrine, aminopyrine, and phenyl- 
butazone). The authors concluded that these data 
did not support the view that antipyretic drugs act to 
reset the "thermostat" of the body for normal tem- 
perature so far as the thermoregulation against heat 
and cold is concerned. 


The stress of foot shock accelerates the metabolism 
of dopamine and serotonin to the same degree as 
norepinephrine, the only difference being that dop- 
amine and serotonin are rapidly resynthesized, whereas 
norepinephrine in the brain cannot be regenerated at 
the same rate (144). In addition, the increased ca- 
tabolism of brain norepinephrine with stress was 
blocked by MA0 inhibitors, whereas catechol-o- 
methyltransferase inhibition with pyrogallic acid (pyro- 
gallol) did not impede accelerated degradation. 


Hypophysectomized or adrenalectomized rats ex- 
posed to cold at 3" did not demonstrate an in- 
crease in levels of plasma free fatty acids and liver 
triglycerides (145). However, pretreatment with cor- 
tisone restored the response to cold exposure whereas 
administration of epinephrine and norepinephrine did 
not elevate the plasma free fatty acid levels in adre- 
nalectomized rats. The data indicate that the pituitary- 
adrenocortical system is important in controlling the 
mobilization of free fatty acids and the deposition of 
liver triglycerides and that the corticoids are needed to 
maintain the responsiveness of adipose tissue lipase 


to catecholamines (145). The toxicity of reserpine in 
adrenalectomized rats is approximately 100 times higher 
than that in intact animals and in hypophysectomized 
rats (146). The increased toxicity of reserpine in adre- 
nalectomized rats did not appear to be attributable to 
failure of the pituitary-adrenal system to respond to 
nonspecific stress, since removal of the pituitary 
does not increase toxicity. Therefore, it appeared that 
the increased toxicity of reserpine was due to  a lack of 
adrenal steroids. 


Following administration of disulfiram, the endog- 
enous brain levels of norepinephrine were found to be 
lower and the endogenous brain dopamine levels were 
found to be higher than in the corresponding controls 
(147). The increase in dopamine levels in the brain 
was even slightly more pronounced when the animals 
were exposed to cold. These investigators suggested 
that the increase in norepinephrine biosynthesis during 
cold exposure could be due to the increased formation 
of dopamine. Since the rate-limiting step in the forma- 
tion of dopamine is the conversion of tyrosine to 
dopa by tyrosine hydroxylase (148), it appears that the 
conversion of tyrosine to dopa is increased during the 
exposure of animals to cold. The increase in tyrosine 
to dopa conversion could be due to an increase in the 
formation rate of dopa or to an induction of enzyme 
synthesis during cold exposure. 


Bousquet et al. (149) investigated the role of endog- 
enous histamine in the events leading to the activation 
of the pituitary-adrenal axis in rats following various 
stressors. They found that histamine release may be of 
significance in mediating the ascorbic acid depletion 
produced by stressors such as cold exposure, chlorpro- 
mazine, and formaldehyde. There was also a lack of a 
quantitative inverse relationship between changes in 
plasma corticosterone and adrenal ascorbic acid levels 
after exposure of the rat to various stressors. 


Chronic exposure of man to emotional stressors 
increases plasma concentration of low density lipo- 
proteins (1 SO), and emotional arousal increases the 
plasma level of free fatty acids in man (151, 152). 
Nicotinic acid (niacin) was found to lower rapidly the 
level of free fatty acids in plasma and to inhibit ef- 
fectively the stimulation of mobilization of free fatty 
acids from adipose tissue by norepinephrine (1 53). 
The plasma levels of free fatty acids of fasted rats 
treated with nicotinic acid (250 mg./kg. s.c.) were 
significantly reduced from 15 min. up to 3 hr., tri- 
glycerides were significantly reduced from 1 to 6 hr., 
and cholesterol was significantly reduced at 2 and 6 
hr. (154). Liver triglycerides were significantly reduced 
from 2 to 6 hr. and elevated at 9 hr., whereas liver 
cholesterol was unaffected. Free nicotinic acid rapidly 
appeared in adipose tissue, and the presence of in- 
creased levels of free nicotinic acid in this tissue cor- 
related well with the presence of reduced free fatty 
acid levels in plasma. The time sequence of events 
supports the hypothesis that the inhibition of free 
fatty acid mobilization caused by nicotinic acid is at 
least partly the cause of the depression of plasma tri- 
glyceride and cholesterol levels (I  54). The administra- 
tion of 3 g. of nicotinic acid orally to male volunteers 
produced a pronounced fall in plasma free fatty acids. 
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During the stress period, there was a very small but 
significant rise in the mean free fatty acid level which 
was significantly lower than the rise in the untreated 
group. The concentration of triglycerides increased 
significantly in the control group and decreased sig- 
nificantly in the group receiving nicotinic acid (155). 
The authors concluded that nicotinic acid inhibited the 
stress-induced hyperlipoproteinemia probably by in- 
hibiting the catecholamine-stimulated free fatty acid 
mobilization. The same investigators also found that 
although the stress-induced rise in free fatty acids 
was significantly inhibited by nicotinic acid and the 
triglyceride level actually decreased, the stress-induced 
increase in catecholamine secretion was not significantly 
affected by the nicotinic acid (156). Since elevated 
levels of triglycerides are frequently found in plasma 
from patients with coronary disease (157), this effect 
of nicotinic acid on plasma free fatty acids levels may 
have some significance in the consideration of the 
therapeutic approach to treatment of this disease 
(158). 


CONCLUSIONS 


Selye (1) first described the pathological, autonomic, 
and endocrine changes that occurred in experimental 
animals subjected to stressors. He concluded that 
these effects could be induced by various types of 
stressors and, therefore, were nonspecific in nature. 
Although this concept has been a t  times challenged in 
principle, the evidence obtained in hundreds of lab- 
oratories has reinforced the original concept. The role 
of the adrenergic division of the autonomic nervous 
system and of the anterior pituitary-adrenocortical 
axis in the initial phases of the stress reaction appears 
to be clearly defined. However, the role of other 
substances elaborated by various organs, especially the 
kidney, needs to be further elucidated. Mason (8) 
recently questioned the concept of nonspecificity in 
the stress theory. In discussing the response of the 
experimental animal to heat and cold, he stated: “If 
the organism perceives the physical stress situation as 
threatening enough then perhaps psychoendocrine 
responses do occur rather universally and are super- 
imposed upon the endocrine and other bodily responses 
to the pure physical stimulus. If this interpretation is 
correct then the stress concept should not be regarded 
primarily as a physiological concept but rather as a 
behavioral concept.” In addition, he concluded that 
the adrenal-cortical responses occur in many different 
laboratory situations involving a wide variety of 
stimuli, because emotional reactions occur commonly 
in a wide variety of laboratory situations in which 
animals or humans are subjected to  physical stress. 


Studies conducted over the past 5-10 years on both 
animals and man suggest that the psychological re- 
sponses in man triggering the physiological and en- 
docrine changes are induced in a manner similar to the 
response to  physical stress by laboratory animals and 
man. Under certain types of environmental stimuli 
(e.g., cold and hypoxia), factors directly concerned 
with the stimulus would be superimposed on the non- 
specific responses obtained in the organism. However, 


this in no way appears to  challenge the basic concept 
of the stress syndrome. 


Evidence has also been presented by many investi- 
gators which suggests a relationship in the develop- 
ment of certain types of cardiovascular diseases (e.g., 
hypertension and myocardial necrosis), gastric and 
duodenal ulcers, upper respiratory disorders, and 
CNS disorders to  environmental stimuli. These diseases, 
which are in most cases chronic conditions, could 
be broadly classified as environmental diseases. Certain 
types of severe environmental stimuli may produce 
teratogenic effects which could be related to over- 
activity of the pituitary-adrenocortical system. 


Although relatively little work has been done on the 
interaction of drugs and environmental stimuli, the 
available data strongly suggest that stress can modify 
drug action and drugs may modify the reaction of the 
organism to the stressors. Nonspecific stress, which 
appears to stimulate liver microsomal enzyme activity, 
also decreases the LDS0 of certain drugs. Stress has 
been shown to increase plasma levels of free fatty acids 
and triglycerides which may possibly be involved in 
the development of certain types of cardiovascular 
diseases. Nicotinic acid and/or other compounds which 
inhibit the increase in plasma free fatty acids and tri- 
glycerides may be beneficial in the treatment of these 
diseases. a-Methyltyrosine, a tyrosine hydroxylase in- 
hibitor, appears to prevent certain responses of the 
organism to stressful stimuli by decreasing the amount 
of norepinephrine in the neuronal endings. This 
interference with adrenergic neuronal activity could 
possibly prevent or attenuate the stress syndrome, 
thereby alleviating certain deleterious effects of ex- 
posure of the organism to noxious environmental 
stimuli. 


REFERENCES 


(1) H. Selye, Narure, 138, 32( 1936). 
(2) H. Barry, 111, and J. P. Buckley, J. Pharm. Sci., 55,  1159 


(3) J. P. Buckley, Fed. Proc., 29, 1972(1970). 
(4) C. D. Lake ,  in “Physiological Effects of Noise,” B. L. 


Welch and A. S. Welch, Eds., Plenum, New York, N. Y., 1970. 
p. v. 


(1966). 


(5) H. Selye, J. Clin. Endocrinol., 6 ,  117(1946). 
(6) H. Selye, Science, 122, 6231955). 
(7) H. Selye, “Stress,” Acta Inc. Medical Publishers, Montreal. 


(8) J. W. Mason, J .  Psychiar. Res., 8, 323(1971). 
(9) H. H. Smookler and J. P. Buckley, Inr. J .  Neuropharmacol., 


(10) H. H. Smookler and J. P. Buckley, Fed. Proc., 29, 1980 


(1 1) A. Rubenson, J. Pharm. Pharmacol., 21, 878(1969). 
(12) A. S. Welch and B. L. Welch, Brain Res., 9,402(1968). 
(13) J .  Froberg and L. Levi, Proc. XVI  Inr. Congr. Occup. 


(14) P. J. Westel, J. Clin. Inoest., 43, 77(1964). 
(15) E. J. Pinter, G. Peterfy, J. M. Cleghorn, and C. J. Pattee, 


(16) C. Wogle and M. Lockett, J. Endocrinol., 42, 253(1968). 
(17) A. E. Arguelles, M. A. Martinez. E. Pucciarelli. and M. V. 


Disisto, in “Physiological Effects of Noise,” B. L. Welch and A. S. 
Welch, Eds., Plenum, New York, N .  Y. ,  1970, p. 43. 


Canada, 1950. 


8, 33(1969). 


( 1970). 


Health, 1%9, 16. 


Amer. J .  Med. Sci., 254, 63q1967). 


(18) J. Leduc, Acra Physiol. Scond. Sirppl., 53, 183(1961). 
(19) M. Goldstein and K. Nakajima, Life Sci., 5, 17Y1966). 
(20) S. Spector, Pharmacol. Reo., 18, 599(1966). 


1186 0 Journal of Pharmaceutical Sciences 







(21) J. LeBlanc, D. Robinson, D. F. Sharman, and P. Tousig- 


(22) H. Thoenen, Nature, 228, 861(1970). 
(23) M. A. Simmonds, J.  Physiol., 203, 199(1969). 
(24) K. Fuxe, Acta Physiol. Scand. Suppl., 64, 247(1965). 
(25) L. D. Carlson, Pharmacol. Rev., 18, 291(1966). 
(26) D. G. Johnson, Acta Physiol. Scand., 68, 129(1966). 
(27) U. S. von Euler and F. Lishajko, Life Sci., 4,469(1965). 
(28) L. Manara, E. Costa, D. N. Stern, and R. P. Maickel, In?. 


(29) R. P. Maickel, N. Matussek, D. N. Stern, and B. B. Brodie, 


(30) R. P. Maickel, D. N. Stern, E. Takabatake, and B. B. 


(31) L. V. Beck, D. S. Zaharko, and S. C. Kalser, Life Sci., 6, 


(32) G. E. Johnson and K. Pritzker, J. Pharmacol. Exp. Ther., 


(33) G. E. Johnson and D. Mickle, Brit. J .  Pharmacol., 28, 246 


(34) P. G. Smelik, Acta Physiol. Pharmacol. Neerl., 15, 123 


(35) E. Anderson, Science, 152, 379(1966). 
(36) E. Zimmerman and V. Critchlow, Proc. SOC. Exp. Biol. 


(37) P. Cherfetz, N. Gaffred, and J. F. Dingman, Endocrinol- 


(38) T. Hiroshige, M. Sakakura, and S .  Itoh, Endocrinol. Jap., 


(39) T. Hiroshige and T. Sato, Endocrinology, 86, 1174(1970). 
(40) L. Mikulaj, R. Kvetnansky, and J. Kolena, Proc. In?. 


(41) R. Kvetnansky, V. K. Weise, and I. J. Kopin, Endocrinol- 


(42) M. I. Paul, R. Kvetnansky, H. Cramer, S. Silbergeld, and 


(43) L. A, Carr and K. E. Moore, Neuroendocrinology, 3, 285 


(44) G. H. Hirsch and J. E. Moore, ibid., 3, 398(1968). 
(45) A. DeSchaepdryver, P. Breziosi, and U. Scapagnini, Brit. 


(46) H. Moussatche and N. Alvares-Pereira, Acta Physiol. La?. 


(47) P. Fischer, J. Renson, and P. Ciccarone, Arch. In?. Physiol. 


(48) N. Sapeika, Arch. In?. Pharmacodyn. Ther., 122, 196(1959). 
(49) S. Garratini, E. Giacalone, and L. Valzelli, J .  Pharm. Phar- 


(50) B. N. Dixit and J. P. Buckley, Neuroendocrinology, 4, 32 


(51) B. B. Blivaiss, R. Litta-modignani, G. Galansino, and P. 


(52) C. S. Evans and S. A. Barnett, Neuroeridocrinology, 1, 113 


(53) K. Brown-Grant, Brit. Med. Bull., 16, 165(1960). 
(54) L. Krulich and S. McCann, Endocrinology, 78, 759(1966). 
( 5 5 )  L. Krulich and S. M. McCann, Proc. Soc. Exp. Biol. Med., 


(56) V. Myer and E. Knobil, Endocrinology, 80, 163(1967). 
(57) C. E. Grosvenor, S. M. McCann, and R. Naller, ibid., 76, 


(58) J. D. Neill, ibid., 87, 1192(1970). 
(59) A. T. Bernardini, Fed. Proc., 29, 1991(1970). 
(60) A. T. Bernardini and M. Taub, Aerosp. Med., 40, 536 


(61) M. Taub and A. T. Bernardini, “USAFSAM-TR-68-58,” 


(62) M. Taub and A. T. Bernardini, “USAFSAM-TR-68-59,” 


(63) R. L. Powell and J. P. Buckley, Ann. N.  Y.  Acad. Sci., 148, 


(64) A. L. Barach, M. Eckman, E. Ginsburg, A. E. Johnson, 


(65) A. L. Barach, M. Eckman, E. Ginsburg, and E. E. Rumsey, 


(66) S. M. Cain and J. E. Dunn, J.  Appl. Physiol., 20,882(1965). 


nant, Amer. J. Physiol., 213, 1419(1967). 


J .  Neuropharmacol., 4, 301( 1965). 


J. Pharmacol. Exp. Ther., 157: 103(1967). 


Brodie, ibid., 157, lll(1967). 


1501( 1967). 


152,432(1966). 


(1966). 


(1969). 


Med., 125,658(1967). 


ogy, 82, 1117(1968). 


16, 465(1969). 


Cotigr. Endocrinol., 3rd, 1968, 142. 


ogy, 87,744(1970). 


I. J. Kopin, ibid., 88, 338(1971). 


(1968). 


J .  Pharmacol., 35,460(1969). 


Amer., 7,71(1957). 


Biochem., 67, 1470959). 


macol., 19, 338(1967). 


(1969). 


P. Foa, Aerosp. Med., 36, 1138(1965). 


(1965). 


122, 61x1966). 


883( 1965). 


(1969). 


Brooks AFB, Tex., 1968. 


Brooks AFB, Tex., 1968. 


671( 1968). 


and R. D. Brookes, J. Auiut. Med., 17,123 (1946). 


ibid., 18, I39( 1947). 


(67) K. V. Mani and S. A. Weinstein, Bull. Johns Hopkins Hosp., 


(68) J. P. Buckley, R. J. Solaro, and H. Barry, 111, J. Pharm. 


(69) S .  El Defrawy and J. P. Buckley, J.  Pharmacol. Exp. Ther., 


(70) J. Scheuer and S .  W. Stezoski, Circ. Res., 27, 835(1970). 
(71) J. McGrath, M. Banerjee, and R. W. Bullard, Proc. Ind. 


(72) D. Baum, J. Pharmacol. Exp. Thrr., 169, 87(1969). 
(73) D. D. Heistad, R. C. Wheeler, and V. S .  Aoki, Amer. J .  


(74) P. F. Mulvey, Jr., and J. M. R.. Macaione, Fed. Proc., 23, 


(75) E. J. Becker and F. Kreuzar, Pfluegers Arch., 304, l(1968). 
(76) P. K. Smith, “USAFSAM-TR-114,” Randolph AFB, 


(77) J. J. DeFeo, I. Baumel, and H. Lal, Fed. Proc., 29, 1985 


(78) I. Baumel, J. J. DeFeo, and H. Lal, Psychopharmacologia, 


(79) S .  M. Robinson and J. Milberg, Toxicol. Appl. Pharmacol., 


(80) 0. 0.  Mustula and D. L. Azarnoff, Proc. SOC. Exp. Eiol. 


(81) J. H. Merritt and M. A. Medina, Life Sci., 7, 1163(1968). 
(82) B. D. Rupe, W. F. Bousquet, and T. S .  Miya, Science, 141, 


(83) R. L. Furner and R. E. Stetzel, Biochem. Pharmacol., 17, 121 


(84) V. Zapata-Ortiz, R. Castro de la Mata, A. Geu, and L. 


(85) D. A. Vaughan, J. L. Steele, and P. R. Korty, Fed. Proc., 


(86) R. E. Olson, J. Chem. Dis., 9,442(1959). 
(87) R. J. Bing, in “The Etiology of Myocardial Infarction,” 


Henry Ford International Symposium, Little, Brown, Boston, Mass., 


119, 331(1966). 


Sci., 58, 348(1969). 


177, 276(1971). 


Acad. Sci., 77, 445(1968). 


PhysioI., 220, 1673( 1971). 


1243(1969). 


Tex., 1949. 


(1970). 


17, 193(1970). 


16, 54q1970). 


Med., 132, 37(1969). 


1186(1963). 


(1968). 


Batalla, Eur. J .  Pharmacol., 3, 351(1968). 


28, 111q1969). 


. .  


1963;~. 175. 
(88) N. R. Niles. J. D. Zavin. and R. M. Marchado, Amer. J .  


C a i o I . ,  221 381(1968). 
(89) J. M. Collins, D. G. McDevitt, R. G. Shanko, and J. G. 


Swanton, Brit. J .  Pharmacol., 36, 35(1969). 
(90) E. A. Higgins, A. W. Davis, Jr., V. Fiorica, P. F. Iampietro, 


J. A. Vaughan, and G. E. Gunkhauser, Aerosp. Med., 39, 1167 
(1968). 


(91) J. D. Wood, Exp. Brain Res., 4, 6(1967). 
(92) B. K. Whitter, R. F. Burlington, M. A. Posiviato, C. M. 


Sidel, and G. R. Beecher, Amer. J .  PhysioI., 218, 1346(1970). 
(93) J. P. Buckley, H. Kato, W. J. Kinnard, M. D. G. Aceto, 


and J. M. Estevez, Psychopharmacologia, 6, 87( 1964). 
(94) J. P. Buckley and H. H. Smookler, in “Physiological Ef- 


fects of Noise,” B. L. Welch and A. S .  Welch, Eds., Plenum, New 
York, N. Y., 1970, p. 75. 


(95) H. Selye, Amer. J. Cardiol., 26, 289( 1970). 
(96) A. A. Rosecrans, N. Watzman, and J. P. Buckley, Bio- 


(97) L. K. Dahl, K. D. Knudsen, M. Heine, and G. Leitl, 


(98) L. A. Plumlee, Psychophysiology, 6, 283(1969). 
(99) C. M. Lang, Proc. SOC. Exp. Biol. Med., 126, 3q1967). 


(100) S .  Wolf, in “Reports from the Laboratory of Clinical 
Stress Research: Society, Stress and Disease,” No. 15, L. Levi, 
Ed., Stockholm, Sweden, 1970, p. 11. 


(101) J. Brod, in “Reports from the Laboratory of Clinical 
Stress Research: Society, Stress and Disease,” No. 15, L. Levi, 
Ed., Stockholm, Sweden, 1970, p. 10. 


(102) H. Eliasch, A. Rosen, and H. M. Scott, Bri?. Hearr J., 29, 
67 1( 1967). 


(103) T. Theorell, in “Reports from the Laboratory of Clinical 
Stress Research: Definition and Evaluation of Stress,” NO. 25, 
L. Levi, Ed., Stockholm, Sweden, 1971, pp. 7, 8. 


chem. Pharmacol., 15, 1707(1966). 


Nature, 219, 735(1968). 


(104) R. Ader, Advan. Psychosem. Med., 6, l(1971). 
(105) L. Buchel, D. Gallaire, and J. Levy, C. R.  SOC. Biol., 160, 


(106) E. C. Senay and R. J. Levine, Proc. SOC. Exp. Biol. Med., 
181 7( 1966). 


124, 1221(1967). 


Vol. 61, No. 8, August 1972 0 1187 







(107) A. Rosenberg, Amer. J. Dig. Dis., 12, 114q1967). 
(108) S. Okabe, R. Saziki, and K. Takagi, J. Appl. Physiol., 30, 


793( 1971). 
(109) K. Takagi, S. Okabe, and R. Saziki, Jap. J. Pharmacol., 


19,418(1969). 
(110) Y. S. Kim, R. Kerr, and N. Lipkin, Nature, 215, 1180 


(1967). 
(111) M. A. Jacobs, A. Spilken, and M. Norman, Psychosem. 


Med., 31,31(1969). 
(112) M. A. Jacobs, A. Z. Spilken, M. M. Norman, and L. 


Anderson, ibid., 32, 233(1970). 
(113) I. Tamari, in “Physiological Effects of Noise,” B. L. 


Welch and A. S. Welch, Eds., Plenum, New York, N. Y., 1970, 
p. 117. 
(114) R. C. Schiavi and D. White, Life Sci., 10, 333(1971). 
(115) A. Arvay, in “Physiological Effects of Noise,” B. L. Welch 


and A. S. Welch, Eds., Plenum, New York, N. Y., 1970, p. 91. 
(116) L. W. Sontag, in “Physiological Effects of Noise,” B. L. 


Welch and A. S. Welch, Eds., Plenum, New York, N. Y., 1970, 
p. 131. 
(117) R. L. Collins and J. L. Fuller, Science, 162, 1137(1968). 
(118) Zbid., 167, lOlO(1970). 
(119) K. Schlesinger, W. Boggan, and D. X. Freedman, Life 


Sci., 4,2345(1965). 
(120) K. R. Henry and R. E. Bowman, in “Physiological Effects 


of Noise,” B. L. Welch and A. S. Welch, Eds., Plenum, New York, 
N. Y., 1970, p. 185. 
(121) J. L. Fuller and R. L. Collins, in  “Physiological Effects of 


Noise,” B. L. Welch and A. S. Welch, Eds., Plenum, New York, 
N. Y., 1970, p. 203. 
(122) G. B. Fink and W. B. Iturrian, in “Physiological Effects of 


Noise,” B. L. Welch and A. S. Welch, Eds., Plenum, New York, 
N. Y., 1970, p. 211. 
(123) L. V. Krushinsky, L. N. Molodkina, D. A. Fless, L. P. 


Dobrokaotova, A. P. Steshenko, A. F. Smiokhina, Z. A. Zorina, 
and L. G. Romanova, in “Physiological Effects of Noise,” B. L. 
Welch and A. S. Welch, Eds., Plenum, New York, N. Y., 1970, 
p. 159. 
(124) W. F. Bousquet, B. D. Rupie, and T. S. Miya, J. Pharmacol. 


Exp. Ther., 147,376(1965). 
(125) R. E. Stitzel and R. L. Turner, Biochem. Pharmacol., 16, 


1489( 1967). 
(126) C. F. Ryan, W. F. Bousquet, and T. S. Miya, ibid., 16,2454 


(1 967). 
(127) S. M. Robinson, W. F. Blatt, R. Schatz, and R. Joy, Fed. 


Proc., 27, 282(1968). 
(128) M. E. Goldberg and A. I. Salama. Toxicol. A D D ~ .  Pharma- 


L .  


coi., 14, 447(1969). - 
Ther., 181,474(1969). 


12, 1283(1963). 


Pharmacol., 4, 384(1968). 


699( 1968). 


(129) A. I. Salama and M. E. Goldberg, Arch. h i .  Pharmacodyn. 


(130) K. E. Moore and E. W. Lariviere, Biochem. Pharmucol., 


(131) A. M. Thierry, M. Fekete, and J. Glowinski, Eur. J. 


(132) A. S .  Welch and B. L. Welch, Biochem. Pharmacol., 17, 


(133) M. Pouliot, Acra Physiol. Scand., 68, 164(1966). 
(134) G. E. Johnson, ibid., 59,438(1963). 
(135) R. P. Maickel, Fed. Proc., 29, 1953(1970). 
(136) R. P. Maickel, P. N. Stern, and B. B. Brodie, in “Biochemi- 


cal and Neurophysiological Correlation of Centrally Acting Drugs,” 
E. Trabucchi, R. Paoletti, and N. Canal, Eds., Pergamon Press, 
Oxford, England, 1964, p. 225. 
(137) R. A. Maxwell, A. J. Plummer, F. Schneider, H. Povalski, 


and A. I. Daniel, J. Pharmucol. Exp. Ther., 128, 22( 1960). 
(138) R. P. Maickel, N. Matussek, I). N. Stern, and B. B. 


Brodie, ibid., 157, 103(1967). 
(139) R. Gordon, S. Spector, A. Sjoerdsma, and S. Udenfriend, 


ibid., 153, 44q1966). 
(140) W. Dairrnan and S. Udenfriend, Biochem. Pharmacol., 19, 


979(1970). 
(141) D. J. Safer, Clin. Pharmacol. Ther., 11, 6q1970). 
(142) H. L. Stahnke, Science, 150, 1456(1965). 
(143) Y. Yokoi, Fed. Proc., 28, 1115(1969). 
(144) E. L. Bliss, J. Ailon, and J. Zwanziger, J. Pharmucol. Exp. 


(145) R. P. Maickel and B. B. Brodie, A m .  N .  Y. Acud. Sci., 104, 


(146) D. H. Efron, Life Sci., 1, 561 (1962). 
(147) H. Goldstein and K. Nakajima, ibid., 5, 175(1966). 
(148) S. Spector, A. Sjoerdsma, and S. [Jdenfriend, J.  Pharmacol. 


(149) W. F. Bousquet, T. S. Miya, and C. Sanchez, Brit. J. 


(150) S .  M. Gundy and A. C. Griffin, .I. Amer. Med. Ass., 171, 


(151) M. D. Bogdonoff, E. H. Estes, .k., and D. Trout, Proc. 


(152) M. D. Bogdonoff, W. R. Harlon, D. L. Trout, N. Kirsch- 


(153) L. A. Carlson and L. Oro, Acta Med. Scand., 172, 641 


(154) L. A. Carlson and E. R. Nye, ibid., 179,453(1966). 
(155) L. A. Carlson, L. Levi, and L. Oro, Forsvarsmedicin, 3, 


Suppl. 2, 129(1967). 
(156) L. Carlson, L. Levi, and L. Orci, in “Reports from the 


Laboratory of Clinical Stress Research,” No. 1, L. Levi, Ed., 
Stockholm, Sweden, 1967. 
(157) L. A. Carlson, J. Boberg, and B. Hogstedts, in “Handbook 


of Physiology: V. Adipose Tissue,” A. E. Renold and G. E. Cahill, 
Eds., American Physiological Society, Washington, D. C., 1965, p. 
625. 
(158) L. Levi, “Reports from the Medical Research: Group of 


the Swedish Army, Department of Medicine and Psychiatry,” No. 
2, 1968, p. 8. 


Ther., 164, 122(1968). 


1059( 1963). 


Exp. Ther., 147, 86(1964). 


Pharmacol., 27, 177(1966). 


1794( 1959). 


SOC. Exp. Biol. Med., 100, 503(1959). 


ner, and E. H. Estes, Jr., J.  Clin. Endocriiiol., 20, 1333(1960). 


(1962). 


ACKNOWLEDGMENTS AND 


Received from the School of Pharmacy, 
Pittsburgh, PA 15213 


ADDRESSES 


University of Pittsburgh, 


1188 0 Journal of Pharmaceutical Sciences 








( 5 )  M. T. Ryanand N. S. Hanna, Anal. Biochem., 40,364(1971). 
(6) K. 0. Pedersen, Scand. J .  Clin. Lab. Invest., 24,68(1969). 
(7) A. Goldstein, Pharmacol. Rev., 1, 102(1949). 
(8) A. Grollman, J .  Gen. Physiol., 9,813(1926). 
(9) J .  Loeb, ibid., 2,  577(1919-1920). 


(10) D. I. Hitchcock, ibid.,8,61(1925-1926). 
(11) M. C. Meyer and D. E. Guttman, J.  PBarm. Sci., 57, 895 


(12) C. M. Kunin, Clin. Pharmacol. T/zer.,7, 166(1966). 
(13) M. S. Von Wittenau and R. J. Yeary, J. Pharmacol. Exp.  


(14) A. H. Andersen and K. S .  Overgard, Acra Pharrnacol. 


(15) G.  Farese, M. Mager, and W. F. Blatt, Clin. Chem., 16, 


(16) E. Krtiger-Thiemer, L. Dettli, P. Spring, and W. Diller, 


(17) H. B. Kostenbauder and T. Higuchi, J. Amer. Pharm. Ass., 


( I  8 )  Ibid.. 46, 205( 1957). 
(19) E. R .  Garrett and 0. R. Woods, J .  Amer. Pharm. Ass., 


(20) H. S. Harned and B. B. Owen, “The Physical Chemistry of 


(1968). 


Ther., 140, 258(1963). 


Toxicol., 12, 240(1956). 


226( 1970). 


Esirurro A t f i  C o q r .  Iiiterti. Med. Cibernetica, 3rd, 1964, 249. 


Sci. Ed.,45,  518(1956). 


Sci. Ed., 42, 736(1953). 


Electrolytic Solutions,” 3rd ed., Reinhold, New York, N. Y . ,  1958. 


Med. Wochemch., 96, 1355( 1966). 
(21) W. Berger, G. R. Constam, and W. Siegenthaler, Schweiz. 


(22) H. Mehnert, Ac/a Diabet La/. ,  6 (Suppl. I), 137(1969). 
(23) R. Beckmann, Ann. N .  Y.  Acad. Sci., 148, 820(1968). 
(24) P. Pignard, Airti. Biol. Clin., 20, 235(1962). 
(25) R. Beckmann and G.  Hubner, Arzneim.-Forsch., 15, 765 


(26) H. G. Shephard and H. J. McDonald, Clin. Chem., 4, 497 
( I  965). 


( 1958). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received Jaruary 3, 1972, from the College of Pharmacy, The J .  
Hillis Miller Health Center, University of Florida, Gaiiresville, FL 
32601 


Accepted for publication May 17, 1972. 
Supported in part by unrestricted grants provided by G. D. 


Searle & Co. and by USV Pharmaceutical Co. for which the authors 
are grateful. The authors also thank Dr. Clarence E. Davis for 
helpful discussions on the statistical evaluation of the assay and 
Dr. Janine Brks for her collaboration on the protein binding studies. 
A To whom inquiries should be directed. 


Preformulation Investigation I: Relation of Salt Forms and 
Biological Activity of an Experimental Antihypertensive 


S.-L LIN*, 1;. LACHMAN*, C. J. SWARTZt, and C. F. HUEBNER 


Abstract The intrinsic dissolution rates of monohydrochloride, 
dihydrochloride, and disulfate salts and free base of an antihyperten- 
sive were studied. The comparative hypotensive activity of these 
compounds was studied in anesthetized dogs. The hypotensive re- 
sponses were also compared to a large number of renal hypertensive 
dogs who had received a placebo treatment. The results from the 
anesthetized dog study indicate that the hypotensive potencies of the 
three salts do not ditTer from each other; however, the intrinsic 
dissolution rates of the dihydrochloride and disulfate salts are 54 
and 42 times greater, respectively, than that observed with the 
monohydrochloride salt. These findings seem to  indicate the over- 
sensitivity of the iti ritro dissolution method in reflecting the in uioo 
hypotensive activity of the compound. The free base failed to  pro- 
duce a significant dose-response curve in the anesthetized dog study 
as well as in the renal hypertensive dog study. This is attributed and 
correlated to the fact that the in uirro dissolution rate of the free 
base is very low in magnitude as compared to  its corresponding salts. 
The results point out that in searching for a potential candidate of a 
drug substance, it is advisable to study routinely the effect of the 
salt form on the biological response. 


Key phrases 1-( 2,3-Dihydro-5-methoxybenzo[b]furan-2-ylmethyl)- 
J-(o-methoxyphen4l)piperazine and salts-dissolution properties, 
comparative antihypertensive activity in dogs Antihypertensive 
activity-1 -(2,3-dihydro-5-methoxybenzo[b]furan - 2-ylmethyl) -4- (o- 
met1ioxyphenyl)piperazine and salts, dogs n Dissolution pro- 
files-free base and salts of an experimental antihypertensive 
Structure-activity relationships-free base and salts of an experi- 
mental antihypertensive 


The dissolution rates, with respect to  pH, of several 
weak acids and their sodium salts in mediarepresenting 
GI fluids were first investigated by Nelson (1). The salts 


were found to  dissolve much more rapidly than the 
corresponding free acids. Similar but further elaborated 
studies on the dissolution kinetics in  reactive media were 
reported by Higuchi and his coworkers (2-4). Salt 
formation of benzphetamine and etryptamine as a 
potential means of obtaining timed release and/or 
prolonged action was studied ( 5 )  by measuring the 
median lethal time in mice and its relationship to in Ditro 
dissolution rates and solubilities. It was demonstrated 
(6) that the dissolution rate of the weak acid, theophyl- 
line, was markedly enhanced by employing its amine or 
alkanolamine salts. The differences in theophylline 
blood levels after oral administration of the salts in a 
clinical study were suggested to  be related to differences 
in dissolution rate. 


It has been documented that the therapeutic and ab- 
sorption efficacy of various drugs can be affected by 
various factors. Consequently, with the emphasis on 
drug bioavailability in the design of a dosage form, it is 
pertinent to investigate the various physical-chemical 
properties of the compound prior t o  preliminary for- 
mulation work. The scope of the preformulation work 
was aptly outlined by Simons (7). The present study 
deals with the physical-chemical evaluation of an 
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Figure 1-Plots illustrating the intrillsic dissolutioti profiles of' the dihydrochloride (A), monoirydrocirloridede (a), arid disulfate (fl) salts and free 
base (8) of I bi 0.1 N iiydrocliloric acid, wafer, andphosphate buffer at pH 7.3. 


experimental anti hypertensive compound, 1 -( 2,3-di hy- 
dro-5-methoxybenzo[b]furan-2-ylmet hyl)-4-(o-methoxy- 
pheny1)piperazine (I) I .  


In this paper, emphasis is placed on: (a) the physical- 
chemical characteristics, especially the dissolution prop- 
erties, of three salt forms of this potential antihyperten- 
sive compound as compared to its free base; and (b)  the 
relationship between the salt form and biological activity 
in dogs. 


EXPERIMENTAL 


Determination of Intrinsic Dissolution Rate-By using the dis- 
solution apparatus of Wood et al. (8), the dissolution behavior of 


' SU-17770. 


the compound under investigation was studied in 300 ml. of 0.1 N 
hydrochloric acid, triple-distilled water, and pH 7.3 phosphate 
buffer in an  800-ml. round-bottom flask. Three hundred milligrams 
of the compound was accurately weighed and transferred into a 
die-punch assembly. The powders were compressed with the Carver 
press under a pressure of 1500 p.s.i. to form a flat-surfaced disk 
having a diameter of 0.08 cm. (0.031 in.). The lower surface of the 
compressed disk was positioned 2 cm. below the surface of the dis- 
solution fluid, which was maintained at  37". A three-blade stirrer, 
4.3 cm. in diameter, was used to  stir the dissolution media. The rate 
of stirring was 40 r.p.m. Aliquots of the dissolution fluid were 
withdrawn, filtered, and assayed spectrophotometrically at  282 nm. 
at specific time intervals. The resuIrs obtained are depicted in Fig. 1, 
and the intrinsic dissolution rate of each compound was calculated 
from the slope of each curve and summarized in Table I. 


Comparative Hypotensive Activity-The monohydrochloride, di- 
hydrochloride, and disulfate salts and free base of Compound I were 
studied in the anesthetized dog for hypotensive activity. The com- 
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Table I-Intrinsic Dissolution Rate of I 


Apparent Intrinsic Dissolution Rate, 


Phosphate 
----mg. cm.a/min. 7 


Compound I Form 0.1 N HCI Water Buffer 


Disulfate salt 32.00 30.00 7.33 
Dihydrochloride salt 25.00 35.33 6.33 
Monohydrochloride salt 0 .59  1.13 1.17 
Free base 1.67 0.07 0.12 


pounds were introduced into the lumen of a loop of the small in- 
testine. The doses employed were molar equivalent doses to  0.56 
and 1.67 mg./kg. of the dihydrochloride salt, as shown in Table 11. 
The ratio between graded doses was always a factor of three. There 
were five to eight dogs in each experimental group. and the results 
obtained are shown in Table 11. By means of statistical analysis, 
the results obtained with the monohydrochloride and disulfate 
salts and free base were compared to  the results obtained with 
the dihydrochloride salt. 


In a second study, the hypotensive responses produced by the 
three salts and the free base of I were compared to  a large number 
of renal hypertensive dogs who had received a placebo. Table 
111 shows a summary of blood pressures recorded initially and 
following 12 days of treatment. 


RESULTS AND DISCUSSION 


As shown in Fig, 1, the intrinsic dissolution rates of the disulfate 
and dihydrochloride salts were much greater than for the corre- 
sponding monohydrochloride salt and free base when the dissolu- 
tion medium employed was 0.1 N hydrochloric acid, distilled water, 
or pH 7.3 phosphate buffer. Determinations were reproducible to  
within 4% of the mean of four runs. No disintegration of the com- 
pressed disk was observed during and after the dissolution tests. 
The difference in the order of magnitude of the intrinsic dissolution 
rates among these compounds is clearly illustrated in Table I. For 
example, the intrinsic rate of disulfate salt in 0.1 N hydrochloric 
acid was about 54 and 19 times greater than that of the monohydro- 
chloride salt and free base. respectively; the intrinsic dissolution rate 
of the dihydrochloride salt in phosphate buffer was approximately 
53 and 5.4 times greater than that of the free base and monohydro- 
chloride salt, respectively. The observed differences in the intrinsic 
dissolution rate between the salts and between any salt and the 
free base were attributed to  the properties of the diffusion layer 
surrounding a dissolving solid. 


It was observed that both the dihydrochloride and the disulfate 
salts were readily soluble in water t o  the extent of about 20%. How- 
ever, the much less soluble monohydrochloride salt was found to  
precipitate out of the solution containing dihydrochloride salt 
within 8 hr. at room temperature. Even in the solid state, gaseous 
hydrochloric acid could be detected with Congo red paper when 
dihydrochloride salt was stored in the closed container. For the 
solution containing disulfate salt, the monosulfate salt was found to 
come out of solution only after 24 hr. at room temperature. The 
monohydrochloride salt gave off no gaseous hydrochloride and was 
considerably less soluble in water. The equilibrium solubility of the 
monohydrochloride salt at  37" was 1.60% in water, 0.73 % in 0.1 N 
hydrochloric acid. and 0.98 


The comparative hypotensive activity of the various salt forms 
in anesthetized dogs is shown in Table 11. The results indicate that 
the potencies of the monohydrochloride and the disulfate salts do 
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Figure 2-Effect of salr conceiitratiorz on the acticify coeficieirt of' 
the monohydrocliloride salt of I at 37". 


not differ from the potency of the dihydrochloride salt within 95% 
confidence limits. The free base failed to produce a significant dose- 
response curve. The hypotensive response was slight and was not 
dose dependent. T o  confirm this finding, further molar equivalent 
doses of the dihydrochloride (1.67 mg./kg.), the monohydrochloride 
(1.53 mg./kg.), and the disulfate (2.15 mg./kg.) salts and the free base 
(1.38 rng./kg.) were administered to groups of six renal hyperten- 
sive dogs for 12 consecutive days. Blood pressure and heart rate 
were monitored and recorded on the Ist, 4th, 8th, and 12th days 
of treatment. By means of statistical analysis, it was found that 
the hypotensive responses produced by a dose of the monohydro- 
chloride and disulfate salts did not differ significantly from that of 
the dihydrochloride salt. However, the free base did not produce a 
significant hypotensive response in the renal hypertensive dogs. 


The iit aiuo results shown in Table I1 do not clearly allow one to 
select the best salt form. Although the difference in hypotensive 
activities of these three salt forms is not demonstrable by the 
in oiuo method, the in citro dissolution rate method (Fig. 1 )  does 
afford distinction among the salts of this compound. For example, 
the intrinsic dissolution rates of the disulfate and dihydrochloride 
salts are 54 and 42 times greater, respectively, than the rate for the 
monohydrochloride in 0.1 N hydrochloric acid. The findings seem 
to indicate the oversensitivity of the in uitro dissolution method in 
reflecting the itr oil;o hypotensive activity of the compound. 


As shown in Fig. 1 and Table I, the hydrochloride salt of the com- 
pound exhibited a greater dissolution rate than the free base in 
distilled water; the order was reversed when the dissolution medium 


Table 11-Comparative Oral Hypotensive Activity of I 


7 -.___ Compound- __-__-___ 


Free Base- 
Dihydrochloride Monohydrochloride 


7 ___.- Salt---- -- Disulfate Salt-- c-- Salt--- ---- 
Dose, mg./kg. 0 .56 1.67 0.51 1 . 5 3  0.72 2.15 6.45 0 .46  1.38 4.14 
Number of dogs 6 6 6 8 5 6 6 6 6 6 
Relative potency 1 .oo 1.59 0.68 Not valid 
95 % confidence limits - 0.81-7.66 0.28-2,51 Common slope not signifi- 


cant 
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Figure 3-Dissolutioti profiles of the  encapsulated free base (- - -) and the motiolrydrochloride salt (--) of I itr 0.1 N hydrochloric acid and phos- 
phate buffer at p H  7.3. 


was changed from water to 0.1 N hydrochloric acid. This isattrib- 
uted to the common-ion effect, and the experimental evidence is 
shown in Fig. 2. Aqueous solutions of sodium chloride in 0.1 N 
hydrochloric acid were prepared in concentrations up  to 0.02 M ,  
and the equilibrium solubility of the monohydrochloride salt in 
these solutions was studied at  37". The empirical equation of 
Setschenow (9) used in expressing the extent of the salt effect is: 


S 
S log f = log 2 = kC (Eq. 1) 


where S and SO are the solubilities of the electrolyte in solvent with 
and without the presence of salt, respectively; and C is the molar 
concentration of the salt solution. The ratio SO/S is equal t o / ;  the 
activity coefficient of the nonelectrolyte in the salt solution. The 
overall salting-out constant, k ,  can be derived from the slope of a 
plot of log fuersirs C .  As shown in Fig. 2, a straight-line relationship 
was observed when 1og.f was plotted uersus molar concentration of 
sodium chloride. The salting-out constant is estimated to be 5.3. 


Table 111 indicates the hypotensive responses produced by the 
three salts in renal hypertensive dogs as compared to a large number 
of renal hypertensive dogs who received a placebo. The dihydro- 
chloride and disulfate salts produced more marked hypotensive 
effects than the monohydrochloride salt. The monohydrochloride 
salt produced a 20-mm. decrease in mean blood pressure, while the 


dihydrochloride and disulfate salts produced 37- and 29-mm. de- 
creases in mean blood pressure, respectively. The percentage de- 
creases of the mean blood pressure after 12 days of treatment as 
compared to that found atzero timewere 19, 15, and 10% when the 
dihydrochloride, disulfate, and monohydrochloride salts were 
employed, respectively. The relative order of decrease in hwoten- 


Table 111-Hypotensive Response of I in Renal 
Hypertensive Dogs 


Mean Blood Pressure, 


z mm. Hg _____ 
Dose, Number Zero Reduc- 


Compound mg./kg. of Dogs Time 12Days tion p 


Placebo - 23 178 175 2 0 001 
Dihydro- 1.67 6 193 156 19 


Placebo - 17 179 175 2 0.01 
Monohydro- 1.53 12 195 175 10 


chloride 
salt 


chloride 
salt 


Placcbo ~ 23 183 180 2 0 001 
Disulfate 2 . 1 5  6 188 159 15 


salt 
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sive responses of the dihydrochloride, disulfate, and monohydro- 
chloride salts appears to have a similar rank order relationship 
with the intrinsic dissolution rates of these compounds, obtained 
with distilled water as the dissolution medium. 


As mentioned previously, the free base failed to produce a signif- 
icant dose-response curve in the anesthetized dog study. In the 
unanesthetized renal hypertensive dog study, the free base also 
failed to produce a significant hypotensive response. This in uiuo 
finding is attributed and correlated to the fact that the in oitro 
intrinsic dissolution rates of the free base in water and phosphate 
buffer (Fig. 1 )  are found to be very low in magnitude as compared 
to the salts of this compound. For further illustration of this in 
uiuo-in vitro correlation, dissolution profiles of the free base and 
the monohydrochloride salt in capsule form without the presence 
of excipients were investigated. Approximately 100 mg. of the com- 
pound was accurately weighed and transferred into a Number 3 
clear gelatin capsule. The dissolution profile was obtained in 300 
rnl. of phosphate buffer or 0.1 N hydrochloric acid contained in 
an 800-ml. round-bottom dissolution flask at 37“ and 60r.p.m. with 
the aid of a three-blade stirrer, 4.3 cm. in diameter. 


As depicted in Fig. 3, the monohydrochloride salt dissolved into 
phosphate buffer quite rapidly and the drug concentration in solu- 
tion remained at about 0.22 mg./ml. for about 40 min. and was then 
followed by an apparent first-order decline of the drug concentra- 
tion in solution. The amount of drug dissolved was found to be 
about 0.03 mg./ml. even at 2 hr. postdissolution. This finding will 
be investigated further. The free base dissolved quite slowly in 
phosphate buffer and attained only 0.02 mg./ml. at the end of 2 
hr. It is apparent that the lower rate of dissolution of the free base in 
phosphate buffer compared to  that of the monohydrochloride salt 
could be responsible for the failure of the free base to produce a 
significant in oiro hypotensive response in dogs when the compounds 
were introduced into the lumen of a loop of the small intestine. 


The dissolution profiles of the encapsulated free base and the 
monohydrochloride salt in 0.1 N hydrochloric acid are also shown in 
Fig. 3. It was found that both the free base and the monohydro- 
chloride salt went into solution very rapidly. The apparent initial 
dissolution rate was slightly greater for the free base than the 
monohydrochloride salt. This was in close agreement with the in- 
trinsic dissolution rates of these two compounds found in 0.1 N 
hydrochloric acid, as clearly shown in Fig. 1.  


The fact that the three salt forms of I produced a marked hy- 
potensive effect but the corresponding free base did not points out 
that it is advisable to  investigate routinely the effect of the salt form 
on the biological and pharmacological response when searching for 
a potential candidate of a drug substance. Compounds having the 
same chemical moiety but differing in the salt form may exert dif- 
ferent degrees of biological activities, as shown in this investigation. 
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(1.8 times) if the buffered sample solution was allowed to  stand a t  a 
lower temperature (25");  however, the time necessary to reach 
maximum absorbance was 144 hr. 


RESULTS AND DISCUSSION 


The red chromophore described exhibits a peak at  520 nm. The 
color is stable for 30 min. and then slowly fades on standing. An 
effort was made to quantitate the color reaction for cephalexin; 
however, a nonlinear relationship was observed in the concentration 
range from 0.25 to 1 .0 mg./ml. 


Effect of Reagent Concentrations on Color Formation -A series of 
test tubes, each containing 2.0 ml. of an aqueous solution of 
cephalexin (1.0 mg./ml.), was prepared. Varying volumes of reagents 
(5z0.l ml. of that specified in the Recornmended Procedure) were 
added to the tubes and the test was completed. No significant dif- 
ference in the extent of color formation was found in the series of 
solutions tested. 


Effect of Heating Time and Temperature on Color Formation- 
A series of tubes, each containing 2.0 ml. of a solution of cephalexin 
(1.0 rnglml.), was treated with the volume of reagents specified in 
the Recomm~nclrc/Procedrrr.r and heated in a boiling water bath for 
varying periods of time. The heating time that resulted in the 
greatest extent of color formation was 3 min. A similar series of 
tubes was heated at varying temperatures for 3 min.; 100" was the 
temperature that resulted in the greatest extent of color formation 
in the time specified. 


Effect of Predegradation of Compound on Color Formation-- 
Urine samples containing cephalexin were tested by this technique. 
It became apparent that the color formation was more intense if 
the solution stood a t  room temperature for several days prior to 
testing. Investigation of this phenomenon revealed that the pH of 
the solution was definitely related to the extent and rate of color 
formation observed. 


The maximum rate and extent of color formation were achieved 
on testing a solution of cephalexin that had been buffered at  pH 7 
and allowed to stand a t  room temperature prior to the test. The time 
of standing at pH 7 (25") required to obtain a maximum absorbance 
in the test was 6 days for cephalexin solutions and 2 days for 
cephaloglycin solutions. This increase in color formation was con- 
current with the degradation of the cephalosporin prior t o  the test, 
as evidenced by the decrease in U V  absorbance at the nucleus wave- 
length, approximately 260 nm. 


Compounds Tested-Several compounds were tested by the 
recommended procedure to  determine the specificity of the color 
reaction. The following compounds gave a positive (+) or negative 
(-) response to the test: 


cephalexin 
cephaloglycin 
desacetyl cephaloglycin 
cephaloglycin lactone 
D-phenylglycine 
7-aminocephalosporanic acid 
7-aminodesacetoxycephalosporanic 
sodium cephalothin 
cephaloridine 
sodium cephalosporin C 
ampicillin (25-50 mg./ml.) 


+ + + + 
- 


acid - 


+ 
The sensitivity of the color reaction for cephalosporin derivatives 


was much greater than that observed for the corresponding peni- 
cillin analogs. The failure of the phenylalanyl derivative of 7-amino- 
cephalosporanic acid and the indole derivative of 6-aminopeni- 
cillanic acid to  respond was puzzling. The necessity of the presence 
of a heterocyclic or aromatic ring immediately adjacent t o  the a- 
amino group was conjectured. This theory could not he fully tested 
since an appropriate derivative was not found [RCH(NH2)CO- 
ceph, where R is an aliphatic chain]. 
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Influence of Chain Length on Oil-Water Ion-Pair 
Partitioning Behavior of p-Alkylpyridinium Chlorides 


K. C. YEH and W. I. HIGUCHI' 


Abstract 0 The intrinsic partition coefficients ( k l )  of p-alkylpyri- 
dines and the extraction constants (L)  of the corresponding ion- 
pairs of the protonated base chlorides were determined in chloro- 
form-water and octanol-water systems. A linear relationship with 
unit slope was found between log ( k t )  and log (R). This result has 
been explained on the basis that, because of methylene (CHZ) 
increments occurring distantly from the polar portion of the mole- 
cule, their influence upon the oil-water partition coefficient would 
be expected to be the same for the free base and the ion-pair. 


Keyphrases 0 p-Alkylpyridiniurn chlorides-influence of chain 
length on oil-water ion-pair partitioning behavior 0 Ion-pair 
partitioning behavior, oil-water-influence of chain length using 
p-alkylpyridinium chlorides 0 Chain length-influence on oil- 
wafer ion-pair partitioning behavior of p-alkylpyridinium chlo- 
rides 0 Partition coefficients, p-alkylpyridinium chlorides- 
chloroform-water and octanol-water systems 0 Extraction con- 
stants, p-alkylpyridinium chlorides-chloroform-water and octanol- 
water systems 


There has been increased interest in the understanding 
of substituent effects upon the oil-water partitioning 
tendencies of drugs because of the possible correlation 


of the latter with drug absorption efficiency and bio- 
logical availability in general. Studies on rat intestinal 
drug absorption (1, 2) and human buccal absorption 


1648 Jortrnal of Pharmaceutical Scieiices 







(3-5) showed that substituent effects upon the absorp- 
tion rate can be related uia physical transport models to 
the oil-water partition tendencies. 


An observation was recently made (1, 2, 4, 5 )  that 
the relevant lipid biophase involved in drug absorption 
may be less nonpolar than previously believed; there- 
fore, the partitioning and transport of ion-pairs (6-9) 
may be important in certain instances. The present 
article reports upon a comparative study of the in- 
fluences of the CHz-substitution on the partitioning 
tendencies of alkylpyridines and the corresponding 
protonated pyridine-chloride ion-pairs. 


5 .  


4 ’  


2 3  


s 
2 


1 


EXPERIMENTAL’ 


Materials-Straight-chain p-alkylpyridines were synthesized by 
the method of Wilbaut and Hey (10). Details of experimental pro- 
cedures, such as the purification of each homolog, will be published 
elsewhere (11). The apparent pKa of each conjugate acid was 
determined spectrophotometrically using the method of Edwards 
(12). 


Determination of Partition Coefficient-Aliquot amounts of the 
organic solvent (either 1-octanol or chloroform) were mixed with 
aliquot amounts of the aqueous phase-at the desired pH. The 
aqueous layer contained 1 M sodium chloride as the swamping 
electrolyte together with 0.01 M each of the citrate and phosphate 
buffers. Partition coefficients were determined after 24 hr. of mild 
shaking in a water bath maintained a t  25’ at  concentrations below 
the CMC of each conjugate acid. Concentrations in the aqueous 
layer were analyzed on a recording spectrophotometer2. Concentra- 
tions in the oil phase were calculated by a modified mass balance 
method (11). 


Chloride Determinations-After determining the apparent parti- 
tion coefficients in a chloroform-aqueous system, the oil layer that 
contained alkylpyridinium-chloride ion-pairs was mixed with a few 
drops of 5 %  aqueous sodium carbonate solution and evaporated 
to  dryness at room temperature. Aliquots of water were added to 
the residues. The mixtures were washed three times with rr-heptane, 
and the aqueous layers were then titrated for their chloride con- 
tents3. 


RESULTS AND DISCUSSION 


Figure 1 shows the pH profile of the apparent partition coef- 
ficients of alkylpyridines in the chloroform-water system. Results 
of similar patterns have been observed in the octanol-water 
system. Based on this ion-pair model, the apparent partition coef- 
ficient k ’  (13) may be expressed as: 


where: 


[B], = concentration of free base in oil phase 
[B],, = concentration of free base in water 


[HBCI], = concentration of ion-pair in oil phase 
[HB+Iu. = concentration of conjugate acid in water 


If the oil phase does not contain ion-pairs, there will be a linear 
relationship between log (k’) and pH when the pH is below the 
apparent pKa of the conjugate acid. The contribution of the ion- 
pair partitione& into the oil phase may be shown in the following 
expression : 


(Eq. 2a) 


6 1 -  /-- C8 


I /’ /-- Cl 


Chain length /// 


I .  I 


1 2 3 4 5 6 7 8 9  
P H  


Figure 1-Apparent pnrtitioir coeficierit-pH profile of alkylpyridines 
in chloroform-water system. 


or : 


log (f) = log ( K , )  - log (kd  + log [C!-I,. + (pKa - PH) 


where: 


(Eq. 2b) 


f = [HBCl],/[Bl,, and is a measure of the relative concentration 
of the ion-pair in oil phase 


K ,  = extraction constant of the ion-pair 


KO = apparent dissociation constant of the conjugate acid (pKa 
6.332 for all substituted alkylpyridines in 1 M sodium 


= [HBCI]o/[HB+lw[C1~lw 


chloride) 
kt = intrinsic partition coefficient of free base 


= [BIoilBlw 


The equation is self-explanatory. i.r., the factor f’ is propor- 
tional to the concentration of the hydrogen ion and the monovalent 
chloride ion in the water phase. It is inversely proportional to the 
intrinsic partition coefficient of free base and to the apparent dis- 
sociation constant of the conjugate acid. Based on experimental 
data in the octanol-water system, the increasing dominance of the 


10 


0 - m 


m 
I, 


. 0 - - 
0 


D . l  


1 A Beckman model 1019 research pH meter was used for all pH 
measurements. 


2 Cary model 14. 
3 A model 4-2000 Standard Buchler-Cotlovr Chloridometcr was 


used. 


2.5 3 3 . 5  4 4.5 5 
pKa = pH 


Figure 2-Effect o f  p H  on the contribution of ion-pairs in octanol 
phase. 
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Table I-Estimated Partition Coefficients 
and Extraction Constants 


~~ ~~~ 


Alkyl 
Chain ---Octanol-Water- -Chloroform-Water- 
Length log (kd log (KJ log (kf) log We) 


Butvl- 3.128 4.671 3.737 -n 72Sa - ... ~. ._. 


Am$ 3.750 -0.i3i 4.380 -0.524 
Hexyl- 4.348 0.489 5.006 0.188 
HeDtvl- 5.008 1.074 5.653 0.744 
ociyi- 5.542 1.782 6.331 1.448 
Nonyl- 6.109 2.405 - - 


(1 There is indication that the error in estimating this value is very large. 


ion-pair with decreasing pH is shown in Fig. 2. The concentra- 
tion of ion-pairs in the organic phase has been quantitatively veri- 
fied by the chloride assay. 


Equation 1 may be further reduced to the following expression 
in acid media of 1 M sodium chloride solution, where [CI-1, = 
1.0 and pH << pKa: 


log (kf) = pKa - pH + log (k’ - Ke) (Eq. 3) 


The simultaneous estimation of kt and K, for each homolog com- 
pound was performed numerically on an IBM 360/67 digital com- 
puter. Results are shown in Table I. It is of interest to note that the 
octanol data yield a Hansch T value of 0.61 Ifi 0.01 for CH2 group, 
which is somewhat larger than the 0.5 value reported by Hansch and 
Anderson (14). This difference might be due to the salting-out effect 
of the 1.0 M sodium chloride used in the present study. For both the 
octanol and chloroform systems, the T values for CH? group were 
found to be essentially constant over the entire range of the com- 
pounds seen in Table I. This suggests that the hydrophobic coiling 
(15) of the alkyl side chain in water, if it is important, does not 
seem to influence significantly the free energy of the water-to-oil 
transfer of the CH2 groups. 


Figure 3 shows plots of log ( K , )  versus log ( k t ) .  As can be seen, 
these gave straight lines with slopes of 1.036 and 0.995, respectively. 
These two values may be considered to be equal t o  1.0 within the 
uncertainty of the data. 


To understand these results, it must be realized that the extrac- 
tion constant is actually equal to the product of two constants. 
The first one is the formation constant of theion-pair in the aqueous 
phase (13). The other is the partition coefficient of the ion-pairs. 
Since the formation of the protonated pyridine-chloride ion-pair in 
water probably involves mainly the electrostatic interaction be- 
tween the chloride ion and the polar portion of the alkylpyridinium 
ion, the stability constant of the ion-pair may not be expected to  
vary when distant methylene groups are added to  the alkyl side 
chain. On the other hand, the partition coefficient of an alkyl 
derivative has been shown to increase exponentially with the chain 
length (14, 16). The linear relationship and the identical slopes 
observed in Fig. 3 suggest that this ion-pair system also follows this 
rule. This can be rationalized on the basis that the addition of a 
methylene group distant from the polar portion of the molecule 
would be expected to have the same effect upon the partition co- 
efficient of the parent amine or that for the ion-pair. 
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RESEARCH ARTICLES 


Arabinosylcytosine Stability in Aqueous Solutions: 
pH Profile and Shelflife Predictions 


ROBERT E. NOTARI', MARILYN LUE CHIN, and RICHARD WITTEBORT* 


Abstract 0 Apparent first-order rate constants, k, for the degrada- 
tion of arabinosylcytosine in aqueous solutions were determined 
as a function of pH, temperature, and buffer concentrations. 
Profiles showing the effect of pH on k were constructed from data 
obtained in hydrochloric acid and sodium hydroxide and by ex- 
trapolation of buffer data to zero buffer concentration. Maximum 
stability is observed in the neutral pH region where arabinosylcy- 
tosine undergoes deamination to arabinosyluracil and 90 po- 
tency is maintained for 6.5 months in 0.06 Mphosphate buffer, pH 
6.9, at 25". The observed rate constant, k, increases as the pH de- 
creases from 6 to 2.8, where it passes through a maximum value 
and again decreases as the pH approaches zero. In the pH region 
0-6, the loss of substrate is accompanied by the formation of an 
intermediate which reacts further to yield arabinosyluracil. The 
profile for the maximum yields of the intermediate as a function of 
pH resembles the k versus pH profile. Kinetics for deuterium ex- 
change at the H, on arabinosylcytosine and TLC studies charac- 
terizing the intermediate were combined with the other kinetic data 
in developing a proposed mechanism involving 2'-hydroxyl par- 
ticipation and the formation of an intermediate in acid pH. In al- 
kaline solutions the loss of arabinosylcytosine is about 10 times 
more rapid than in acid and most likely is due to hydrolysis of the 
pyrimidine ring since no arabinosyluracil UV absorption spectra 
were detected. 


Keyphrases 0 Arabinosylcytosine stability in aqueous solutions- 
pH profile, shelflife predictions 0 pH profile-arabinosylcytosine 
stability in aqueous solutions 


Arabinosylcytosine', I, has been clinically proven to 
be a markedly effective antileukemic agent and is now 
marketed2 as such. It is a synthetic analog of naturally 
occurring arabinosyluracil, 11, which has been ex- 
tracted from certain sponges found only in the Carib- 
bean (1). In general, few cases of solid tumors have 


I II 


1 There are several names for this nucleoside in the literature. The 
chemical name is l&u-arabinofurano:ylcytosinei the USAN name is 
cytarabine; the IUPAC name is arabinosylcytostne: and the common 
(though incorrect) name is cytosine arabinoslde. The approved abbrevia- 
tion is Ara-C (also incorrectly abbreviated CA). 


2 Cytosar, Upjohn. 


benefited from I but remissions have occurred in sub- 
stantial numbers of children and adults with acute 
leukemia (2, 3). The greatest beneficial response 
appears to be in acute granulocytic leukemia, for 
which I has shown a 24 


Arabinosylcytosine is clinically available as a freeze- 
dried preparation2 to  be reconstituted for injection at 
the time of use. In aqueous buffered solutions, I has 
been shown to undergo hydrolytic deamination to form 
the inactive nucleoside, 11 (4). The stability of I in 
aqueous solution is, therefore, of pharmaceutical 
interest with regard to storage or admixture with other 
agents. This paper provides data for the stability of I 
as a function of pH in aqueous solutions at  70 and 80" 
together with the necessary parameters for calculating 
shelflife at  other temperatures. The catalytic effects of 
a number of buffers were evaluated, and a prediction of 
the shelflife at  room temperature under conditions for 
maximum stability is included. 


remission rate. 


EXPERIMENTAL 


Kinetics of Arabinosylcytosine Loss-Reaction solutions con- 
taining I in the presence of excess hydrochloric acid, buffer, or 
sodium hydroxide were prepared as shown in Tables 1-111. All 
long-term studies were conducted in sealed ampuls. Short-term 
reactions (ti/z < 15 hr.) were carried out in glass-stoppered flasks. 
Reactions in the pH range 0-5 (Tables I and 11) were assayed as a 
function of time by determining the absorbance at 260 and 280 
nm. after diluting an aliquot with an appropriate volume of 0.1 M 
HCl and solving for the concentrations from Eqs. 1 and 2, which 
have been shown to be applicable to mixtures of I and I1 (4): 


I = (0.928A280 -0.389&0) X lo-* (Eq. 1) 


11 = ( 1 . 2 1 ~ ~ ~ ~  - 0 . 5 4 1 ~ ~ ~ ~ )  x 10-4 (Eq. 2) 


Table I-Experimental Conditions and Apparent First-Order 
Rate Constants for Arabinosylcytosinea Loss 
in Hydrochloric Acid 


7 70 - 7  80 '-- 7 


10 102k, 10 102k, 10 10zk, 10 102k. 
[HCl] hr.-l [HCl] hr.-1 [HCl] hr.-l [HCl] hr.-l 


9.56 1.95 1.91 2.62 9.56 4.46 1.91 5.78 
7.64 1.95 0.458 2.91 7.64 4.76 0.458 6.96 
5.73 2.14 0.092 3.29 5.13 5.06 0.092 7.50 


- 3.82 5.39 - - 3.82 2.38 - 
0 Initial concentrations: 5 x lo-, M ,  80'; 5 X 10-4 M, 70". The 80" 


reactions were assayed without dilution. 
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Table XI-Experimental Conditions and Apparent First-Order 
Rate Constants for Loss of 5 X lo-' M Arabinosylcytosine in 
the Presence of Buffers in the pH Region 2.8-4.5 


Table III--Experimental Conditions and Apparent First-Order 
Rate Constants Determined from the Decrease in UV Absorbance 
Due to Loss of 6 X 10-4 M Arabinosylcytosine in Alkaline pH 


Tempera- Buffer ~ --. 103k, 
ture pH [HCOzH] [HCOZNa] [NaCI] hr.-l 


70 ' 


70 O 


70" 


70 


70 ' 


70 a 


80 O 


80 ' 


80 O 


80" 


2.87 
f 0 . 0 8  


3.15 
f0.05 


3.61 
f0.08 


3.90 
f0.05 


4.18 
f 0 . 0 3  


4.49 
k O . 0 4  


3.50 
f 0 . 0 6  


2.79 
fO.05 


4.05 
f 0 . 0 3  


4.18 
2EO.04 


0.35 
0.25 
0.15 
0.10 
0.05 
0.105 
0.075 
0.045 
0.030 
0.015 
0.35 
0.30 
0.25 
0.20 
0.10 
0.035 
0.025 
0.015 
0,010 
0.005 
0.020 
0.015 
0.010 
0.008 
0.003 
0.010 
0.008 
0.006 
0.004 
0.002 
0.035 
0.030 
0.025 
0.020 
0.010 
0.390 
0.338 
0.222 
0.106 
0.018 
0.009 
0.004 


0.035 
0.025 
0.015 
0.010 
0.005 
0.035 
0.025 
0.015 
0.010 
0.005 
0.35 
0.30 
0.25 
0.20 
0.10 
0.035 
0.025 
0.015 
0.010 
0.005 
0.040 
0.030 
0.020 
0.016 
0.006 
0.040 
0.032 
0.024 
0.016 
0.008 
0.35 
0.30 
0.25 
0.20 
0.10 
0.352 
0.304 
0.200 
0.096 
0.016 
0.008 
0.004 


[CH3- 
CHO- [CHaCHO- 


HCOIH] HC02Na] 
2.95 0.35 - 
1.71 0.20 
0.86 0.10 
0.086 0.01 
0.259 0.35 
0.148 0.20 
0.072 0.10 
0.007 0.01 
0.107 0.352 
0.061 0.200 
0.024 0.080 
0.002 0.008 


0.31 
0.32 
0.33 
0.34 
0.34 
0.31 
0.32 
0.33 
0.34 
0.34 
0.00 
0.05 
0.10 
0.15 
0.25 
0.31 
0.32 
0.33 
0.34 
0.34 
0.31 
0.32 
0.33 
0.33 
0.34 
0.31 
0.32 
0.33 
0.33 
0.34 
0.00 
0.05 
0.10 
0.15 
0.25 
0.00 
0.05 
0.15 
0.26 
0.34 
0.35 
0.35 


[NaCI] 
0.00 
0.15 
0.25 
0.34 
0.00 
0.15 
0.25 
0.34 
0.00 
0.15 
0.27 
0.34 


59.8 
58.1 
55.6 
52.1 
47.0 
56.4 
55.0 
51.5 
47.0 
40.8 
73.8 
70.2 
67.6 
62.8 
55.9 
46.5 
43.8 
40.1 
35.9 
30.7 
35.1 
33.2 
30.8 
29.1 
22.4 
24.4 
22.9 
21.1 
18.8 
16.3 
26.7 
25.8 
24.4 
22.4 
17.9 


165 
159 
137 
119 
81.8 
72.4 
61.5 


155 
153 
138 
103 
113 
102 
81.3 
52.3 
77.5 
62.4 
52.9 
31.3 


In the alkaline pH region (Table III), the loss of I was not ac- 
companied by a corresponding increase in the concentration of 11. 
Instead, the UV absorption spectrum of I was found to decrease as a 
function of time without the appearance of any new spectra. There- 
fore, the alkaline kinetic runs were carried out by diluting reaction 
aliquots with 0.1 M HCI and determining the UV absorbance spec- 
tra as a function of time. Absorbance data were then used directly 
to calculate the apparent first-order rate constants. 


Kinetics of Deuterium Exchange and Deamination in Deuterated 
Solvents-Exchanging deuterium for the Hb proton of cytosine 
nucleosides results in the collapse of the Hg proton doublet to a 
singlet (Fig. 1). Santi et al. (5) showed that the percent deuterium 
exchange at Hs is linearly related to the fraction, f, where: 


f = ( A  f B)/ (A -I- B f c) (Eq. 3) 


8.92s 
8.92 
8.92 
8.92 


10.78b 
11.28b 
11.63b 
12.58b 


0.02 Borate0 
0.01 Borate 
0.005 Borate 
(Unbuffered) 
0.01 NaOH 
0.04 NaOH 
0.10 NaOH 
1 .OO NaOH 


80" -- 
ll.w 0.04 NaOH 
11 .43b 0.10 NaOH 
12. 35b 1.00 NaOH 


0.739 
0.709 
0.655 
0.575' 
8.23 


36.8 
66.9 


315 


77.3 
168 
792 


0 Taken from "Documenta Geigy Scientific Tables," 7th ed., p. 279. 
b Calculated using literature values for activity coefficients (10). except 
for 0.01 N where the value y = 1 was used. c Extrapolated from buffer 
data. 


and A and B are the peak heights of the doublet and C is the peak 
height of the singlet as shown in Fig. 1. This linear relationship is in- 
dependent of the "R' group at N-1 (5). However, the slope of the 
line, f versus % D, may vary with R. To determine the exact % D, it 
is necessary to construct a calibration plot. Since the parameter f is 
linearly related to % D, the values off can be used directly to cal- 
culate first-order rate constants for exchange. It is, therefore, un- 
necessary to know the absolute values of D to obtain the rate 
constants. 


Monodeuteroacetic acid, deuterium chloride, deutero sodium 
hydroxide, and deuterium oxide3 were used to prepare the buffers 
listed in Table IV. The ionic strength was adjusted to 0.36 with 
sodium chloride. The pD values of the buffer solutions were deter- 
mined by adding 0.4 to the pH readings of the deuterium oxide solu- 
tions at  70" (6). The readings were determined with a microelectrode 
(pH 0-14, 0-80"), and a digital-reading pH meter' which was cali- 
brated with two standard buffers. The reaction mixture was in- 
jected into an NMR tube which was then placed in a 70" constant- 
temperature bath. At various intervals, the tube was withdrawn and 
the NMR spectrum from 450 to 500 Hz. was determined6. Spec- 
trophotometric assays for I and I1 in the mixtures were performed 
in triplicate as a function of time by diluting 3 111. of the reaction 
mixture with 25 ml. of 0.1 M HCI and determining the absorbance 
at 260 and 280 nm. Equations 1 and 2 were then employed for I 
and 11 concentrations. 


Effects of Reaction Conditions on Intermediate Formation- 
Material balance was monitored during all studies by summing the 
concentrations of I and I1 throughout the reaction. The concentra- 
tion of additional component(s) was calculated from the equation: 


(XI  = ( 0 0  - (1 -t. 11) (Es. 4) 


Thus, the concentrations of the reaction components (I, 11, and 
X) were calculated for each reaction sample and results were plotted 
as a function of time. Figure 2 shows a typical time course for the 
three components. The shape of these plots is characteristic of a 
series of rate processes where X represents an intermediate formed 
during the hydrolysis of I to 11. 
UV Absorption Characteristics of X--A reaction mixture con- 


taining 39.6% I, 41.4% X ,  and 19% 11 in formic acid-formate 
(0.0177-0.0016) buffer was assayed with a spectrophotometere, 
and the UV absorption spectrum from 400 to 220 nm. was deter- 
mined using a spectrophotometer'. A simulated mixture containing 
calculated amounts of I and I1 was prepared in formic acid-formate 
(0.0177-0.0016) buffer, and its absorption spectrum from 400 to 
220 nm. was determined. The difference between these plots of ab- 


3 E. Merck A. G., Darmstadt, W. Germmy. 
4 Sargeant model DR. 
6 Using a Varian A-60A. 
6 Beckman DU. 
7 Cary 15. 
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Table LV-Experimental Conditions and Apparent First-Order 
Rate Constants for Deuterium Exchange and Deamination of 
0.5 M Arabinosylcytosine in Deuterium Oxide at  70°5 


[CHa- 
pD [CHaCOzD] C02Na] Exchange Deamination 


5 .15  0 .3  0.03 95 0.97 
4.74 1 .0  0.10 134 2.24 
4.47 2 . 0  0.20 181 3.08 


p adjusted to 0.36 with sodium chloride. 


sorbance as a function of wavelength represents the spectrum for 
the 41.4 


The absorption spectrum of X was also determined under al- 
kaline conditions as follows. Four milliliters of reaction mixture 
was diluted to  25 ml. with 0.1 M NazHP04 solution, and the ab- 
sorption spectrum of the resulting solution was determined from 
330 to 220 nm. at various time intervals. First-order plots for the 
increase in absorbance at  various wavelengths due to arabinosyl- 
uracil formation were extrapolated to the Y-axis to obtain ab- 
sorbance values at zero time. These values were then compared 
with the spectrum of a simulated mixture containing the calculated 
amounts of I and I1 in  0.1 M Na2HP04. 


Spectrophotornetric Differential Assay for X-A UV assay for 
the concentration of X in a reaction mixture was developed. The 
basis for the assay is the quantitative conversion of X to 11. Thus, 
the analysis of I1 in the reaction mixture before and after complete 
conversion allows one to calculate the concentration of X from: 


(Eq. 5 )  


X in the original mixture. 


(XI = (II)/ - (II), 


where (II), is the final concentration and (1I)i is the initial concen- 
tration. Complete conversion of X to I1 can be achieved within 
minutes by warming the solutions under mildly alkaline condi- 
tions. The following example illustrates the application of this 
property to the assay of X in a reaction mixture. 


A reaction mixture containing 0.0005 M I  in formic acid-formate 
(0.0177-0.0016) buffer was heated to 70" for 25 hr. The mixture was 
then assayed by determining the absorbance at 260 and 280 nm. 
after diluting 2 ml. to 25 ml. with 0.1 MHCl and applying Eqs. 1 and 
2. Asecond assaywas performed by adding 2 ml. boric acid (0.32 M)-  
borate (0.32 M) buffer to 2 ml. of reaction mixture and warming 
the resulting solution to 35" for 10 min. This solution was then 
diluted to 25 ml. with 0.1 M HCl and assayed in the manner al- 
ready described. 


TLC Separation of Reaction Components-Three types of TLC 
were employed to separate reaction components: one dimensional, 
two dimensional, and preparative. The two developing solvents 
employed in each case were benzene-methanol (3 : 1) and water- 
saturated butanol-propanol (3 : 1). Plates were coated with a 0.25- 
mm. layer of silica gel GF254 slurry in either water or 0.1 M HCl ex- 
cept for the preparative scale studies for which a 1-mm. thick slurry 
in 0.1 MHCl was employed. 


Figure I-Change of the 480-Hz. N M R  signal for  He.from a doublet 
to a singlet during the exchange ofthe Hg proton ofarabinosylcytosine 
for deuterium under the conditions in Table IV. 
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Figure 2-Time course for arabinosylcytosine (0), arabinosyluracil 
(O), and the intermediate, X (O), during the deamination of arabino- 
sylcytositie in formate buffer, p H  3.2, 70". 


One-dimensional chromatography was used routinely to  monitor 
deamination of I by comparing reaction components to reference 
standards for I and 11. Two-dimensional chromatography was em- 
ployed in the following manner. Compound I(0.05 M) was heated 
in formic acid (0.088 M)-formate (0.008 M) buffer at 70" for 14 hr. 
The resultant mixture was chromatographed on a 20 X 20-cm. plate 
coated with silica gel GFZ5, in 0.1 M HCl. After developing, the 
solvent was allowed to evaporate and the plate was sprayed with 
0.1 M NaOH and allowed to dry. Then the plate was again de- 
veloped in the same solvent but in a direction perpendicular to the 
first. 


Preparative scale TLC separation was carried out on a reaction 
mixture containing 0.032 M I  in 0.01 M HCOOH and 0.033 M HCl 
which was allowed to react at 70" for 36 hr. The reaction was con- 
centrated from 20 to 1.2 ml. with a flash evaporator. Temperatures 
lower than 35" were employed in the evaporation procedure. The 
concentrate was then streaked on six 20 X 20-cm. plates so that 
each plate contained an equal amount of concentrate. A control 
which contained no reaction mixture was developed together with 
the streaked plates to a height of 15 cm. with water-saturated 
butanol-propanol (3 : 1). After developing and drying, the middle 
bands (Rf 0.49) from the six plates were eluted with 0.1 MHCOOH 
in three divided portions totaling 16 ml. Each fraction was passed 
through a sinteced-glass filter. The combined filtrate was concen- 
trated to a volume of 1 ml. and assayed for X. 
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Figure &Change in percentage composition as a function of time 
of an acidic reaction mixture when placed in borate buffer at 35", 
pH 9,  where 0 is arabinosylcytosine, 0 is arabinosyluracil, and 0 
is the intermediate. X. 
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Table V-Experimental Conditions and Pseudo-First-Order Rate 
Constants for Conversion of 3.3 X 
Phosphate and Borate Buffers 


M X to  I1 in 


70 


60 


I 


$ 5 0  
i 
0 
,-I 


40 


Table VI-Apparent First-Order Rate Constants, k in hr. -1, 


for Loss of Arabinosylcytosine as a Function of pHa 


- 


- 


. 


. 


70" - 7 


Buffer PH 10ak Tem- [NaH,- "a2- 
perature PH PO,] HPO,] [NaCI] k, hr.-1 


Hydrochloric 
acidb 


0.15 
0.26 
0.38 
0.56 
0.86 
1.42 
2.08 


19.5 
19.5 
21.4 
23.8 
26.2 
29.1 
32.9 


55.5" 5.55 f 0.05 


6.58 f 0.07 


7.55 + 0.07 


45.0" 6.58 f 0.07 


7.55 & 0.07 


0.25 
0.15 
0.08 
0.02 
0.09 
0.06 
0.03 
0.01 
0.010 
0.008 
0.005 
0.002 
0.081 
0.054 
0.030 
0.010 
0.010 
0.008 
0.005 
0.002 
HaBOa 
0.20 
0.10 
0.05 


0.025 
0.015 
0.008 
0.002 
0.09 
0.06 
0.03 
0.01 
0.10 
0.08 
0.05 
0.02 
0.081 
0.054 
0.030 
0.010 
0.10 
0.08 
0.05 
0.02 


HzBOa- 
0.20 
0.10 
0.05 


0.035 2.15 
0.i65 1.45 
0.256 0.75 
0.334 0.23 
0.00 8.17 
0.12 5.65 
0.24 2.85 
0.32 1.20 
0.050 12.20 
0.112 10.55 
0.205 7.78 
0.298 4.45 


Formate 2.81 
3.15 
3.61 


31 
35 
26L 


Acetated 
Formate 


Acetated 


Phosphate" 


3.66 
3.90 
4.18 
4.49 
4.71 
5.66 


34 
18 
13 
12 
10 
1.4 


0.00 3.81 
0.12 2.307 
0.24 1.382 
0.32 0.473 6.15 


6.90 
7.81 


0.71 
0.29 
0.38 


0.050 4.82 
0.112 4.76 
0.205 3.21 
0.298 1.71 
NaCl 


80" - 
Hydrochloric 


acidb 
0.16 
0.27 
0.39 
0.56 


44.6 
47.6 
50.6 
53.9 
57.8 
69.6 
75.0 


8.97 = 0.07 0.16 46.0 
0.26 32.8 
0.31 26.0 0.85 


1.43 
2.08 


Lactate 
Formate 
Acetated 
Lactate 


Acetated 


2.79 96/ 
3.50 47 
3.66 90 
4.05 48 
4.18 28 
4.72 18 
5.66 3.5 


Kinetics of Instability of the Intermediate X-It is apparent from 
the previous sections that X can best be produced at  low pH and low 
buffer concentrations but that X is very unstable in the presence 
of base. Since I and I t  are relatively stable a t  lower temperatures 
(Fig. 3, for example), the kinetics of loss of X were studied by pro- 
ducing X in a reaction mixture a t  high temperature and studying 
its loss in buffers a t  low temperatures. The concentration of I re- 
mained constant throughout the loss of X during all studies, and 
the final concentration of I1 after complete conversion of X re- 
mained constant and equal to (I)o - An example of a typical 
procedure follows. 


A solution containing 0.0329 M I, 0.01 M formic acid, and 0.033 
M HCI (pH 2.7) was allowed to react at 70" for 36 hr., after which 
approximately 50% of the initial concentration of I was converted 
to X. One milliliter of this reaction mixture was added to  49 ml. of 
the buffer which was equilibrated to the desired temperature. The 
reaction was quenched as a function of time by diluting 2-ml. 
aliquots with 25 ml. of 0.1 M HCI, and the dilutions were assayed 
for I and I1 by Eqs. 1 and 2. The concentration of X as a function 
of time was calculated according to  Eq. 4, and first-order plots were 
constructed. Experimental conditions are listed in Table V. The 


a Rate constants in pH region 2.8-5.7 were determ,ined by obtaining 
the intercepts of kl uersus buffer concentration using a polynomial 
regression on an IBM 360/75. where the degree of the polynomial was 
chosen so that the percent error between the resultant curve and the 
datahad thelimits 0 < (percent error) < 3. Intercepts in phosphate buffers 
were determined from linear plots ,of kl cersus buffer concentration. 
b The pH of hydrochloric acid solutions was calculated usin literature 
values for activity coefficients (11). c This value was used kr the pH 
profile since the formate series at pH 3.61 includes more dilute buffers 
than the acetate system (Fig. 4). d Taken from Reference 4.  a Taken from 
Reference 7 .  I This value agrees with the observed constant in dilute 
formate at pH 2.8 (HCGH = 0.02, HCOzNa = 0.002), which is 97 X 
10-3 (hr.-I). 


effect of the formate ion is negligible since its concentration is 2 X 
1 1 ~ 4  M. 


RESULTS 


Kinetics of Arabinosylcytosine Loss-The concentrations of I, 11, 
and X were determined as a function of time in the neutral and 
acid pH region using Eqs. 1, 2, and 4. Pseudo-first-order rate con- 
stants for the loss of I were calculated from plots based on the 
equation : 


In I = In I. - kr 
where I. is the initial concentration of I. Results ate given in Tables 
I and 11. Rate constants for loss of I as a function of pH were de- 
termined directly from the hydrochloric acid studies and indirectly 
from the buffer data by extrapolation to  zero buffer concentration 
by the methods described in Table VI. Although the phosphate data 
showed a linear buffer dependency (7), the pH region 2.8-5.7 was 
characterized by nonlinear plots for k wrsus buffer as shown in 
Fig. 4. The buffer system that allowed the most dilution at  a given 
pH was chosen to  make the estimates of the intercepts of the 
curves. 


In the alkaline region the absorbance of I in the 25&35&nm. 
region was found to decrease as a function of time, resulting.in an 


(Eq. 6) 


30 t ?  
20 1 ,  


0 0.05 0.10 0.20 0.30 
(HCOOHj 


Figure &Apparent first-order rate constants .for loss of arabinosyl- 
cyrosine in formate buffer, p H  3.6, 70", as a function of formic acid 
concentration. 
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Figure 5-Maximum yields of the intermediate, X, formed during 
the deamination of arabinosylcytosine in .formate buffer as a function 
of ,formic acid Concentration at 70". Key: p H  2.8, 0; pH 3.2, 0; 
p H  3.6, 0; pH 3.9, Q; and pH 4.2, A. 


eventual loss of the UV absorption spectrum. Since the chromo- 
phore was completely lost and the final absorbance was zero, the 
apparent first-order rate constants for loss of I were calculated 
from the equation: 


In A = In A. - kt  (Eq. 7) 


where A is the absorbance at a given wavelength. Results are given 
in Table 111 where A at 290 nm. was employed to obtain the best 
first-order plots. 


The values of E,  and log A were calculated as a function of pH 
using the Arrhenius equation. These values are employed in the 
Discussion section to predict the stability at room temperature. 


Kinetics of Deuterium Exchange and Loss of I in Deuterated 
Solvents-Pseudo-first-order rate constants for the exchange of D 
for the H, proton were calculated from the slopes of linear plots of 
In ( j  - fm> versus time, wheref has been defined in Eq. 3, and Fig. 1 
shows a typical change in NMR spectrum obtained during a deu- 
terium-exchange reaction. The value for fm was determined by 
reiteration to obtain log plots having the longest duration of 
linearity. 


Rate constants for the loss of I in the deuterated solvent systems 
were determined using Eq. 6 where the assays were performed in 
triplicate over a period of time that extended well beyond the 
deuteration studies due to  the large difference in the rates of ex- 
change and degradation. Table IV  lists the results and allows direct 
comparison between the exchange rates and the stability of I. 


Effect of Reaction Conditions on Intermediate Formation-Plots 
of the concentration of reaction components as a function of time 
were constructed by calculating the concentration of I, 11, and 
X using Eqs. 1,2, and 4. These plots were typical of two consecutive 
first-order rate processes, where Xis a reactive intermediate formed 
from I during its hydrolytic deamination to 11. Plots representing 
the concentration of X as a function of time passed through a 
maximum as illustrated in Fig. 2. The maximum yield of 2 X,,, 
defined as: 


z xm*x = 1oOXrn../(I)o (Eq. 8) 


was determined as a function of pH, buffer, and temperature. At a 
constant pH, the largest values of % X,,, were obtained from the 
studies with the most dilute buffer concentrations as illustrated in 
Fig. 5.  The X,, values in the absence of buffers were estimated 
from the intercepts of plots such as those in Fig. 5. These intercept 
values were used to construct the pH profile for % X,,, in the 
absence of buffer shown in Fig. 6. The reaction conditions and the 
resulting yields are given in Table VII. The data regarding the for- 
mation of X were used to produce maximum yields of the inter- 
mediate in order to carry out the characterization studies. 
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Figure 6-The pH profile for the maximum yields of the intermediate, 
X, formed during the deamination of arabinosylcytosine at 70". 
The yields in p H  region 0-2 were obtained directly in hydrochloric 
acid, and the rest were obtained indirectly by extrapolation of data to 
zero buffer concentration as illustrated in Fig. 5. 


UV Absorption Characteristics of Intermediate-Since the assays 
for I and I1 were based on the absorption at 260 and 280 nm. in 0.1 
M HCl, it was necessary to determine what contribution, if any, 
X made to the absorbance in this spectral region. A reaction mix- 
ture containing 50% X was assayed for I and 11, and the UV 
spectrum was determined. This spectrum was compared to that 
obtained for a simulated mixture of I and 11. There was no dif- 
ference between the two spectra in the 240-320 nm. region, indicating 
that the intermediate did not interfere with the UV assay for I and 
11. The UV spectrum for X was also determined in 0.1 M Na2- 
HPO+ In this case the instability of X made it necessary to use an 
extrapolation procedure. The spectrum at time zero was obtained 
by extrapolating first-order plots for the absorbance at  each wave- 
length to time zero. The resulting spectrum was again similar to  
that for a simulated mixture of 1 and 11, indicating that X did not 
influence the UV spectra in phosphate solution. 


Spectrophotometric Difterential Assay for X-I and I1 are stable 
in boric acid-borate (0.32 M each) buffer at 35' during a 10-min. 


Table VII-Percent Yield of Intermediate at Its Maximum Value, 
% X,,, Formed during Deamination of Arabinosylcytosine to 
Arabinos yluracil 


- 70 
PH z Xm,, 
0.15 4 . 7  
0.38 8 .8  
0.56 
0.86 
1.42 
2.08 
2.80 
3 . 1 5  
3 . 6 3  
3.90 
4.18 
4.49 


5.7-7.8 


12.4 
16.2 
33.4 
49.6 
51 .O 
5 1 . 5  
43.5 
41 .O 
29.0 
9 .5  
0 .0  


- 80" --- 
0.16 7.9 
0.27 9 . 4  
0.39 10.8 
0.56 
0.85 
1.43 
2.08 


12.9 
17.1 
32. i 
48.3 
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time interval, which is sufficient t o  convert the intermediate X to 
It. The concentration of X can thus be determined by assaying for 
11, according to Eq. 2, before and after treatment with borate buffer 
at  35". Phosphate buffers can also be employed for the conversion, 
but a longer time interval is required. However, it was found that 
0.2 N NaOH results in material loss since the sum of the final con- 
centrations of I and 11 was less than Ia. 


TLC Separation of Reaction Components-When the plates were 
made with a slurry of silica gel GFz, in distilled water, the resulting 
chromatograms showed only two spots visible under UV light. 
In the benzene-methanol developing system, the RJ values were 
0.07 and 0.25, corresponding t o  I and 11, respectively. During the 
evaporation of the developing solvent from the plate, a third spot, 
RJ 0.34, slowly became visible by UV detection. Preparation of the 
slurry in 0.1 M HCI instead of distilled water resulted in failure to  
achieve UV detection of the third spot ( R J  0.34), which became 
visible under UV light only after spraying the plate with 1 N NaOH. 
The new RJ values were 0.07, 0.17, and 0.27 for I, 11, and X, re- 
spectively. For the water-saturated butanol-propanol developing 
system and a slurry of silica gel GF), in 0.1 M HCI, the RJ values 
were 0.45,0.55, and 0.70 for I ,  X, and 11, respectively. 


Two-dimensional chromatography using water-saturated bu- 
tanol-propanol (3: 1) was used to demonstrate the conversion of X 
to I1 as follows. Two compounds corresponding to RJ 0.45 and 
0.70 were detected after the first separation. On spraying the plate 
with 1 N NaOH, X(RJ 0.55) became visible by UV detection. When 
the plate was developed in a direction perpendicular to the first, 
the RJ values for I and I1 remained constant, whereas the RJ value 
for X was the same as that for 11, indicating that X was converted 
to 11. A similar demonstration was carried out using benzene- 
methanol (3 : I ) .  


Preparative TLC allowed I, X, and I1 to be separated in bands 
with RJ values of 0.40 (I), 0.49 (X), and 0.57 (It). Attempts to  
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Figure 7-Observed first-order rate constants for loss of arabinosyl- 
cytosine at 70" (0, A) and 80" (0, A) as a function of pH.  The values 
for the circles are represented by !he scale on the left ordinate (102 
k); the values for the triangles are represented by the scale on the 
right ordinate (10 k). 


PH 


isolate and crystallize X from the middle band failed due to  the 
instability of X which continually formed I1  during the workup. 


Kinetics of Instability of X-The rate constants, k, for the con- 
version of X t o  11 were determined by plotting In X versus time 
where the concentration of X is defined by Eq. 4. Values for the 
first-order rate constants, k (Table V), were shown to be dependent 
upon buffer concentration. Catalytic constants were calculated 
from equations previously published for the phosphate buffer 
system (8). The values of the catalytic constants are 88.2 1. mole-' 
hr.-l at 55.5" and 48 1. mole-' hr.-l a t  45" for kapor-z. The values 
for kHpo - are negligible. 


DISCUSSION 


Prediction of Stability in Aqueous Solution-Data from Tables 
111 and VI were employed to construct the plots for k versus pH 
as shown in Fig. 7. It can be seen from this figure that 1 is most 
stable in the neutral pH region. The apparent first-order rate con- 
stants, k, for the deamination of I in 0.06 M phosphate buffer, pH 
6.9 (47, 55, 60, and 70"), were utilized to  calculate E,, (7). An Ar- 
rhenius plot of log k versus 1/T, where Tis  the absolute temperature, 
yields a value for E. which was determined to be 16.4 kcal. mole-'. 
Calculation of the rate constant at 25" yields the value 2.2 X lo-' 
hr.-1. Substitution of the rate constant in Eq. 9 yields the time re- 
quired for a 10% reduction in potency: 


= -In 0.9/k (Eq. 9) 


This is calculated to  be 6.5 months. 
Proposed Mechanisms for Acid-Catalyzed Degradation of Ara- 


binosylcytosine in Aqueous Solution-The pH profile for loss of I 
in aqueous solutions may be conveniently discussed in two parts. 
In the acid to  neutral region, pH (r7.8 in Fig. 7, 1 undergoes 
deamination to  yield 11 via an  intermediate, X, which is formed in 
maximum yield a t  pH 2-3 and is not formed in detectable yields 
at  pH 5.5-7.8 (Fig. 6). The observed rate constant for the loss of I 
in the absence of buffer catalysis was found to  pass through a 
maximum value at  approximately pH 2.8 (Fig. 7). 


Scheme I is consistent with the kinetic data reported here. The 
dissociation constant, K, ,  represents the loss of a proton by 111 t o  
form its conjugate base I. The pKa of I11 is known and was re- 
determined spectrophotometrically under the concentrations em- 
ployed in this study to  be 4.2. Attack by t.he 2'-hydroxyl group to 
form the 6,2'-cyclic intermediate, IV, was discussed previously (4). 
Scheme I suggests that IV would achieve equilibrium with 111 as 
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described by the constant Kz.  Evidence for a rapid equilibrium be- 
tween IV and I11 andthus IV and I is given in Table IV, where it can 
be seen that the deuteration of I occurs 60-100 times faster than 
deamination in deuterium oxide. Thus the concentration of IV 
would be dependent upon that of 111, which is pH dependent since 
it involves protonation of I. However, IV must be regarded as a 
reactive intermediate which does not exist in measureable concen- 
trations. This supposition is supported by the fact that the UV 
absorptivity of I in 0.1 M HCI is not less than that of cytidine. 


Scheme I predicts that the loss of I would pass through a max- 
imum at some pH less than the pKa of 111, which is 4.2. The fol- 
lowing derivation illustrates this point. The concentration of sub- 
strate as determined by the assay using Eq. 1 would be: 


c = (I) + (111) + (IV) 0%. 10) 


and: 


dV/dt = ki(1V) - k,H+(V) - k3(V) (Eq. 11) 


Applying the steady-state assumption to V yields: 


(V) = ki(IV)/(ka + kzH+) (Eq. 12) 


since: 


K1 = (I)H+/III 0%. 13) 


and: 


then : 


C = (IV)(1 + Kz + KiKz/H+) (Eq. 15) 


Substitution for V in Eq. 11 using Eq. 12 gives: 


-dC/dt = kl(IV) - kZH+kl(IV)/(k3 + kzH+) (Eq. 16) 


which may be written in terms of C using Eq. 15: 


-dC/dt = [kiksH+/(kzH+ + k3)(H+ + 
KzH+ + GKz)lC (Eq. 17) 


It can easily be shown that the observed first-order rate constant 
for loss of I, kobs, will have the general shape illustrated in Fig. 7 
when plotted as a function of pH. From Eq. 17, it is apparent that: 


koba = klk3H+/(kzH+ + k3) (H+ + KzH+ + KiKz) (Eq. 18) 


When pH < pK1 - 2, then: 


kobs = klka/(kzH+ + k&I + Kz) (Eq. 19) 


and since Kz >> 1, then: 


koba = kl/(Kz + kzKzH+/kd (Eq. 20) 


and: 


1Ikoba = &/kl + kzKzH+Jklka (Eq. 21) 


Equation 21 predicts that a plot of l/k,b. versus H+ would be 
linear with slope kzK2/klk, and intercept K2/kl. Equation 21 shows 
good agreement with Fig. 8 at 70°, where the least-squares regres- 
sion lines have regression coefficients of 99.93 and 99.96% (ex- 
cluding the one experimental point not on the line in each case). 
Thus, Eq. 20 predicts a decrease in the observed rate constant as pH 
is decreased in the acid pH region which agrees with that illustrated 
in Fig. 7. That figure also shows a decrease in kaba with increasing 
pH in the pH region higher than the pKa. Therefore, if pH > pK1 + 
2, Eq. 18 becomes: 


kobs = klH+/(KlK, + KlKzkzH+/kZ) (Eq. 22) 


which can be rearranged to  give: 


Ilkoh, = 4Kz/klH+ + KlKzkz/ktka (Eq. 23) 


which predlcts a linear plot of l/k,b, versus 1/H+ with positive slope 


.I 


0 1 2 3 4 5 6 7 
10 [H +] 


Figure 8-Least-squares regression lines for  plots of reciprocal values 
of observed first-order rate constants for arabinosylcytosine loss 
versus the hydrogen-ion activity, [H+], at 70" (D) and 80" (0). The 
two points that do not lie on the lines were omitted from the regression 
calculations. 


of Kl4/kl. Thus, kobs versus pH would decrease with increasing pH 
in the pH region above the pKa, in agreement with Fig. 7. 


Scheme I and its corresponding equations would indicate VI as 
a possible intermediate in degradation of I to 11. The various 
characteristics of the unknown intermediate, previously called X, 
can be easily ascribed to VI. For example, VI would not be ex- 
pected to have a UV absorption spectra of any significance in the 
24@-320-nm. region. The decyclization of VI would be expected 
to resemble the mechanism for the dehydration of an aldol. De- 
hydration of the aldol, streptovitacin A, has been reported to be 
lo6 times faster in base than in acid (8). Compound VI would there- 
fore be expected to show greater stability in acid than in base in 
agreement with the observed stability of X, which is extremely un- 
stable in base relative to acid and subject to general-base catalysis 
but not general-acid catalysis in phosphate buffers a t  45-55", pH 
5.5-7.6. Thus, VI would be expected to yield 11 readily in the 
presence of base and also to yield 11, albeit less readily, in the 
presence of acid, but VI would not be expected to give rise to  I. 
This is in agreement with the observed properties for the inter- 
mediate X. 


Proposed Mechanism for Arabinosylcytosine Degradation in 
Alkaline Solution-The loss of I in solutions of alkaline pH is not 
accompanied by a concomitant increase in 11. Instead, the degrada- 
tion of I in alkali is characterized by a complete loss of UV spectra. 
This suggests that the pyrimidine ring is being hydrolyzed, as was 
shown in several previous reports for uracil nucleosides. Fox et al. 
(9) showed that the UV absorption spectrum of Ip-D-arabinofu- 
ranosyl-5-fluorouracil is completely lost within 30 min. at 60-70" in 
the presence of 0.1 N NaOH due to formation of the open-chain 
ureide, VII, which was isolated in nearly quantitative yield. 


When 1~-~-arabinofuranosy~-~-fluorocytosine was heated in 
0.1 N NaOH at 60-70" for 30 min., its UV spectrum was also com- 
pletely lost but the yield of VII was approximately SO%, indicating 
the loss of substrate to other nonchromophoric product(s) in 
addition to VII. Fox et al. (9) also reported that I and I1 undergo 
much slower loss of absorption under the above conditions, thus 
indicating that the fluorine atom on C-5 enhances the suscepti- 
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bility of C-6 to nucleophilic attack. A detailed mechanism for the 
formation of VII due to intramolecular attack by the 2’-hydroxyl 
anion in alkaline solutions to form the 6,2’-anhydronucleoside and a 
lucid discussion of the reaction may be found in that reference and 
will not be repeated here. 


Although the products of the reactions of I and 11 in 0.1 N NaOH 
at 6&70° were not investigated by Fox et at. (9), they suggested 
that 6.2’-anhydro formation in alkali is probably a general char- 
acteristic of those pyrimidine ring nucleosides that have a 2’-hy- 
droxyl in the cis-position relative to the ring. Loss of 1 in the present 
study at pH values of 9-1 3,70-80”, would be expected to undergo 
reactions similar to 5-fluoro derivatives at slower rates. Scheme I1 
illustrates the probable reaction pathways for loss of 1 in alkali based 
on the work of Fox et al. (9) and the kinetic studies reported here. 


It is interesting to contrast 6,2’-anhydro formation under acidic 
conditions ultimately leading to 11 (Scheme 1) with intramolecular 
attack in alkali which yields VIII and/or IX. Attack of the 6-posi- 
tion by the 2‘-hydroxyl in acid is made possible by the protonation 
of N-3 with resultant electron deficiency at C-6 (4, 7). In alkali, 
6.2’-anhydro formation is attributed to attack by the 2’-oxygen 
as an anion (9). Perhaps more significant is the difference between 
proposed intermediates for the two routes. Fox et at. (9) suggested 
XI as the precursor to VII. This compound is the 5-fluoro derivative 
of the conjugate base of VI. It would thus appear that the proto- 
nated form of the 6,2‘-anhydro intermediate, VI, yields the cor- 
responding uracil derivative, 11, whereas its conjugate base would 
be expected to yield the ureide structure, 1X (which is VII with a 
5-H in place of 5-F). This is consistent with the observation that the 


XI 


intermediate X was readily converted to 11 at pH values 5-9, 35- 
55”,  whereas degradation of I1 in 0.2 N NaOH resulted in loss of 
material to nonchromophoric products. (See the section entitled 
Spectrophotometric Differential Assay for X ,  Table V, and Fig. 3.) 
Since a pKa of 9-10 represents a reasonable estimate for VI, it is 
conceivable that the degradation product is kinetically controlled 
and that the acid, VI, undergoes a reaction analogous to aldol 
dehydration to yield I1 whereas its conjugate base undergoes py- 
rimidine ring hydrolysis to  yield the ureide structure similar to VII. 
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Preformulation Investigation 11: 
Dissolution Kinetics and Thermodynamic Parameters of 
Polymorphs of an Experimental Antihypertensive 


SONG-LING LIN 


Abstract 17 Polymorph I of an experimental antihypertensive was 
obtained by recrystallization from methanol, water, or hydrochloric 
acid; Polymorph I1 was harvested from isopropanol, dimethyl- 
formamide, or dimethylacetamide. The dissolution rate and peak 
solubility of Polymorph I 1  are three or four times greater than that of 
Polymorph 1. After reaching the maximum concentration plateau, 
the dissolution rate of Polymorph I1 is exceeded by the nucleation 
rate and an apparent first-order decline in the drug concentration is 
observed. This is attributed to the in sitit crystalline transformation 
of a less stable Polymorph I1 to a more stable Polymorph I. Al- 
though the nucleation process remains as first order within a 3-hr. 
period, the nucleation rate is changed at  a specific time. The time 
a t  which the first-order nucleation rate changes is a function of the 
temperature: the lower the temperature, the slower the nucleation 
half-life and the longer the observed transition time of the nuclea- 
tion process. The relation between the rate of first-order nucleation 
process and the degree of saturation of the system is derived and 
verified with the experimental data. Various thermodynamic 
parameters involved in this transformation are calculated. The 
enthalpy change, the free energychange, and the entropy change for 
the conversion of Polymorph I1 to Polymorph I were determined to 
be -2232 cal./mole, - 172.4 cal./rnole, and -6.6 e.s.u., respec- 
tively. Furthermore, the attainable peak solubilities and the first- 
order nucleation rates of Polymorph I1 obtained from different 
recrystallization solvents are different from each other. These find- 
ings may imply that the variation of absorption and therapeutic 
eficacy of a drug supplied in a dosage form by different firms could 
be caused not only by employing different polymorphs but also by 
using the same polymorph recrystallized from different solvents. 


Key phrases Dissolution kinetics-polyrnorphs of an experi- 
mental antihypertensive, effect of recrystallization from different 
solvents [7 Bioavailability, polymorphs of an experimental anti- 
hypertensive-effect of recrystallization from different solvents on 
dissolution kinetics Polymorphism-effect of structure and re- 
crystallization from different solvents on dissolution kinetics 0 
1-( 2,3-Di hydro-5-methoxybenzo[b]furan-2-ylmethyl)-4-(0- methoxy- 
pheny1)piperazine hydrochloride polymorphs-dissolution kinetics, 
thermodynamic parameters 


Particular substances are by no means restricted to  
specific crystalline forms or even to  different forms in 
the same crystallographic system. Such multiplicity of 
forms with the same chemical properties is termed poly- 
morphism. In general, the number of forms that a ma- 
terial assumes is relatively few, although in principle 
there is no limit. Two types of polymorphism are en- 
countered in nature: reversible (enantiomorphism) 
and irreversible (monotropism). The familiar pair of 
rhombic and monoclinic sulfur is a common example of 
dimorphic enantiomorphism, while white and red phos- 
phorus form a monotropic system. 


The pharmaceutical applications of polymorphism 
were recently reviewed by Haleblian and McCrone (1). 
Three main reasons for studying polymorphism in the 
drug industry are: (a) to  improve the physical and/or 
chemical stability of a drug i n  various dosage forms, 
(6) to  enhance the tableting behavior of powders, and 


(c) to  increase the dissolution rate and, ultimately, the 
absorption and therapeutic efficacy of a drug. Since the 
first patent on stable cortisone acetate suspension was 
granted to Macek (2) and the bioavailability of amor- 
phous versus crystalline novobiocin acid was denion- 
strated by Mullins and Macek (3), the investigation of 
polymorphism has been increasing. 


Generally speaking, two types of phase changes may 
take place during the dissolution or solubility study of a 
compound : polymorphic change and solvate forma- 
tion. A number of pharmaceutical compounds under- 
going phase reversions have been reported. These in- 
clude: cortisone acetate (2), novobiocin acid (3), 
phenobarbital (4, 5), sulfathiazole (6, 7), methylpred- 
nisolone (7-lo), prednisolone (1 I), glutethimide (12), 
theophylline (12), aspirin (13-16), ampicillin (17), 
aminoalicyclic penicillin (1 8), chloramphenicol palmi- 
tate and stearate (19-25), mefenamic acid (25), a poten- 
tial antihypertensive (26) and antiviral (27) compound, 
chlordiazepoxide hydrochloride (28), cephaloglycin (29), 
and cephalexin (29). 


In a previous paper (30), the relationship of salt forms 
and biological activity of a potential antihypertensive 
compound was reported. The present report focuses on 
the dissolution kinetics and thermodynamic parameters 
of polymorphs of this same compound, 1-(2,3-dihy- 
dro-5-methoxybenzo[h]furan-2-ylmethyl)-4-(0 - methoxy- 
pheny1)piperazine hydrochloride I .  


EXPERIMENTAL 


Preparation of Polymorphs-The compound employed for this 
investigation was known to be crystallized from isopropanol- 
ethyl acetate (95:5). A series of solvents including methanol, iso- 
propanol, isoamyl alcohol, acetone, dirnethylacetarnide, dimethyl- 
formamide, distilled water, and 0.1 N hydrochloric acid were em- 
ployed as recrystallization solvents. An excess quantity of the com- 
pound was introduced into 500 ml. of solvent at 60". The undis- 
solved drug was filtered off, and the saturated solution was cooled 
overnight in a 6" refrigerator. The crystals were then harvested by 
filtration with a sintered-glass funnel and allowed to dry at  60" under 
high vacuum for 7 days. The crystals obtained from each solvent 
were subjected to the following tests: elemental analysis, melting- 
point determination, purity tests, IR spectra, and X-ray diffraction 
patterns. By using U. S. standard sieves, a fraction of 20-30-mesh 
particles was collected for use in the dissolution studies. 


Determination of Dissolution Profiles-An excess of the drug be- 
yond its equilibrium solubility was introduced into 100 ml. of 0.1 
N hydrochloric acid maintained at  37". The method employed was 
essentially that of Shefter and Higuchi (12). The drug and the dis- 
solution medium were stirred by an overhead stirrer operating at  
500 r.p.m. The three-blade stirrer, 2.3 cm. in diameter, was placed 
2 cm. below the surface of the dissolution medium. At prescribed 
intervals, aliquot samp!es were withdrawn and replaced with the 
same volume of fresh medium kept at  37". The samples were im- 
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3600 3400 3200 1600 1400 1200 1000 800 600 
FREQUENCY, c m . 3  


Figure 1-X-ray pattertis of an e.uperimrtita1 antiliyperterisice before 
recrystallization study (Pattern A ,  Polymorph I I )  and after recrystal- 
lizatioti from metliatiol (Patterrz D .  Polymorpli I ) ,  isopropatzol (Pat- 
tern B,  Polymorpli I I ) ,  and isoamyl alcoliol (Pattern C ,  mixed Poly- 
morplis I aiid I 1  but predomiiiatilly Polymorph 11). 


mediately filtered through a Millipore filter assembly using filter 
paper having a pore size of 0.45 p .  The filtrates were properly diluted 
and assayed spectrophotometrically at 282 nm. using a spectro- 
photometer (Hitachi). 


Determination of Intrinsic Dissolution Rate-Approximately 250 
mg. of powder was compressed into a disk in a die-punch assembly 
attached to the Carver press. Acompression force of about 2OOOp.s.i. 
was employed, with a 0.8-cm. (0.33-in.) punch. By using the dis- 
solution apparatus of Wood el al. (31), the intrinsic dissolution 
rate of the compound was investigated in 600 ml. of 0.1 N hydro- 
chloric acid at 37". The solution was stirred with a three-blade 
stirrer, 4.3 cm. in diameter, at 60 r.p.m. At prescribed time inter- 
vals, aliquot samples were withdrawn and assayed as already indi- 
cated. 


RESULTS AND DISCUSSION 


Elemental analysis and various purity tests for samples recrystal- 
lized from methanol, isopropanol, and isoamyl alcohol are shown in 
Table I. Residual recrystallization solvents were not discernible, 
and the purity tests further substantiated the analytical purity of 
these samples. The representative X-ray diffraction patterns are 
depicted in Fig. 1. The original sample before recrystallization is 
designated as Polymorph I1 and is shown as Pattern A in Fig. 1. 
The original sample was transformed to Polymorph I after the 
material was recrystallized from methanol. As indicated by Pattern 
B of Fig. 1, the original sample remains as Polymorph I1 i f  iso- 
propanol is employed as the recrystallization solvent. However, the 
material transforms to Polymorph I upon contact with methanol. 
The X-ray diffraction pattern of Polymorph I is depicted as Pattern 
D in Fig. 1. If isoamyl alcohol is used, mixed Polymorphs I and I1 
are obtained with Polymorph I1 as the predominant constituent. 
This is depicted in Pattern C of Fig. 1. The IR spectra of Poly- 


3600 3400 3200 1600 1400 1200 1000 800 600 
FREQUENCY, cm.-l 


Figure 2-IR spectra of an experimental antihypertensive recrystal- 
lized from methatiol (Polymorph 1, upper spectra) aizd isopropanol 
(Polymorpli I I ,  lower spectra). 


morphs I and I1 are illustrated in Fig. 2. Distinct differences in IR 
and X-ray profiles are evident and offer a rapid method of poly- 
morph identification. 


The dissolution behavior of Polymorph I (recrystallized from 
methanol) in 0.1 N hydrochloric acid is shown in Fig. 3. The curves 
were obtained at 15, 27, and 37". As expected, the initial dissolution 
rate is increased as the temperature of the dissolution medium is in- 
creased. It can be seen that the concentration of drug in solution 
approaches the equilibrium solubility very rapidly and remains es- 
sentially constant. The remaining materials from the dissolution 
study of Polymorph I were isolated and dried under vacuum. The 
X-ray diffraction patterns, IR spectra, and melting points of these 
materials were found to be identical to those of Polymorph I before 
commencing the dissolution profile determination. 


The dissolution profiles of Polymorph I1 (recrystallized from 
isopropanol) at 10, 27, and 37" as a function of time are shown in 
Fig. 4. It is evident from these curves that after an apparently rapid 
dissolution and attainment of peak drug concentration, there is a 
decline of drug in solution with time. A dissolution profile of this 
type can be properly characterized by the following five parameters: 
(a)  the magnitude of initial dissolution rate, (6) the peak solubility 
attained at pseudosteady state, (c )  the time the apparent nucleation 
process commences, ( d )  the kinetic order and rate of nucleation and 


Table I-Elemental Analysis and Purity Tests for the Samples of the Antihypertensive Recrystallized from 
Methanol, Isopropanol, and Isoamyl Alcohol 


7 Purity Tests . 
Recrystallization -Elemental Analysis- Water Residual Polymorph Melting 


Solventa Theory Found Titrimetryb Content" TLCd Solvente Assigned! Pointg 


Methanol C 64.52 
H 6.96 
CI 9.01 
N 7.13 


Isopropanol C 64.52 
H 6.96 
c1 9.01 
N 7.13 


Isoamyl C 64.52 
alcohol H 6.96 


c1 9.01 
N 7.13 


64.54 99.8 f 0.5 <O. 2 % Trace impurity None 
6.97 at R! 0.75 
9 48 . . . _  
7.05 


7.11 at R! 0.75 
9.75 
7.16 


7.04 at RI 0.75 
9.68 
7.21 


64.71 100.2 i 0.5 <0.2% Traceimpurity None 


64.67 99.7 f 0 .5  <O. 2 % Trace impurity None 


~~ ~ 


I 224 ' 


I1 219" 


I + I1 - 
(I1 >> I) 


~ ~~~~~ ~~ 


a See text for sample treatment. 
by Karl Fischer titrimetric method. 
HA95r. 


Corrected values as determined with the Thomas-Hoover capillary melting-point apparatus. 


h Nonaqueous potentiometric titration with perchloric acid in the presence of mercuric acetate. 0 As determined 
d Major spot has RI of 0.90 when developed by ethyl acetate-isopropanol-methanol (80:18:2) on silica gel 


1 As assigned by IR and X-ray results. e As determined by GLC for determining the residual solvent employed for recrystallization study. 
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Figure 3---Dissolutioti profiles of ati experimetital antihypertetisiue re- 
crystallized from metlmtrol (Polytnorpll I )  iit 0.1 N HCI at 15, 27, 
utid 37". 


MINUTES 


whether or not the nucleation rate is changing as a function of time, 
and ( e )  the approximate equilibrium solubility. 


It is apparent from a comparison of Figs. 3 and 4 that the initial 
dissolution rate and the peak solubility of Polymorph I1 are three 
or four times greater than those of Polymorph 1. It took approxi- 
mately 30-40 min. for Polymorph I1 t o  reach the pseudosteady 
phase or peak solubility. When the maximum concentration 
plateau is reached, the dissolution rate of Polymorph I1 is exceeded 
by the nucleation rate and an apparent first-order decline in the 
drug concentration is observed. This is attributed to the in situ 
crystalline transformation of a less stable Polymorph I1 to a more 
stable Polymorph I (26), as evidenced by the facts that: ( a )  the 
limiting value of this decline in drug concentration was found to  
approximate the equilibrium solubility of Polymorph I, and ( b )  
the properties of the materials isolated from the dissolution study of 
Polymorph I1 were found to be identical to those of Polymorph I. 
Hence, the complete in situ crystalline reversion of Polymorph I1 to 
Polymorph I was clearly confirmed. Further evidence of the trans- 
formation was tested by the following two experiments: 


1. During the course of determining the dissolution profile of 
Polymorph 11, the precipitate retained on the filter paper was col- 
lected and dried under high vacuum at 40" for several hours. The 
X-ray diffraction patterns of the precipitate collected 30 min. post- 
dissolution is shown as the middle photo of Fig. 5. The data clearly 
demonstrate that Polymorph I1 undergoes it2 situ crystalline trans- 
formation. The diffraction maxima at  2@ = 13.7, 14.8, and 17.5 are 
characteristic of Polymorph I, and these values are already clearly 
detectable with the sample of Polymorph I1 at 30 min. postdissolu- 
tion. 


2. The material harvested 24 hr. after the dissolution study of 
Polymorph I1 was collected in a medium-porosity sintered-glass 
funnel and divided into two portions. The first portion was im- 
mediately subjected to Karl Fisher determination and found to 
contain 14.8 water. The second portion was dried under vacuum 
at 40" for 24 hr., and the water content was found to be 0 .27z .  
By using these "wet" and "dry" samples, the dissolution profiles 
in 0.1 N hydrochloric acid at  37' were redetermined and found to 
be identical t o  each other as well as superimposable to the dissolu- 
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Figure 4-Dissolutioti profiles of a11 experimeiitul utitiiiypertensive 
rcvystallized from isopropattol(Polyrnorp11 11) iti 0.1 N HCI ut 10, 27, 
Ul7d 37".  
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Figure 5-X-ray diffructioii patterns of' Polyrtiorph 11 o f  a11 cx- 
perimetitul atltillypertetrsive bcJfore dissolutioti (upper photo) atid 
at 30 miti. postdissolution (middle photo). Polymorph 1 is S I I O W I I  it? 
lower photo. 


tion profile of Polymorph I at  37", as shown in the upper curve of 
Fig. 3. 


When isoamyl alcohol was employed as the recrystallization 
solvent, mixed Polymorphs I and I1 were harvested, with Polymorph 
I1 as the predominant component. From the dissolution profiles of 
Polymorphs I and I1 (Figs. 3 and 4, respectively), it was predicted 
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Figure 6-Dissolution profiles of ail experimetital antihypertensive 
,from isoarnylalcoholiti 0.1 N HCI ut 15, 27, at id37". 
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0 30 60 90 120 150 180 Z4(hr.) 


Figure I-Dissolutioii profiles of Polymorph I (from metltariol, 
lower curve), Polymorpk I1 (from isopropunol. upper curve), mid mixed 
Polymorplis I aiid I1 ( from isoamyl alcoliol with I I >  > I ,  middle 
curve) of an experinierital antiliyperteiisive i n  0. I N HCI at 37”.  


MINUTES 


that the dissolution rate, peak solubility, time for commencing the 
nucleation process, and nucleation rate obtained with this sample 
would be intermediate between those of Polymorphs I and I1 but 
with closer resemblance to Polymorph 11. This prediction is con- 
firmed by the dissolution profiles shown in Fig. 6.  As the drug begins 
to dissolve, the initial rate is dominated by the solubility of Poly- 
morph 11. Because of the reversion of Polymorph I1 to I, Polymorph 
I forms and crystallizes out into the dissolution medium. Therefore, 
upon reaching peak solubility and followed by the decrease of drug 
concentration in solution, the limiting solubility of this mixed poly- 
morph was found to be the equilibrium solubility of Polymorph I. 
The complete transformation to  Polymorph I was verified again by 
the various methods already mentioned. 


Figure 7 provides the relative magnitude and characteristics of the 
dissolution profiles of the individual and mixed Polymorphs I and 
I1 in 0.1 N hydrochloric acid at 37“. The dissolution curve of Poly- 
morph I1 (upper curve) merges together with that of the sample 
containing mixed polymorphs (middle curve) at  about 2 hr. post- 
dissolution. Nevertheless, complete conversion from Polymorph I1 


4 8 12 16 
MINUTES 


Figure 8-Plots illustrating the intrinsic dissolution beliaciors of 
Polyrnorph I I  recrvstallized from isopropanol (upper curce), Poly- 
morpli I recrystallized from metliaiiol (lower curve), and sample 
coiitairiitig mixed Polymorplis I arid I1 us harvested from isoaniyl 
ulcohol (middle curre). 


Table 11-Relationship of Initial and Intrinsic Dissolution Rates 
in 0.1 N Hydrochloric Acid at  37“ 


Initial Intrinsic 
Dissolution Dissolution 


Recrystalliza- Ratea, Rateb, mg.- 
tion Solvent Polymorph mole/min. cm.Z/min. 


Methanol I 0.0038 0.27 
Isoamyl I + I1 0.0091 1 .oo 
Isopropanol I1 0.0109 1.27 


alcohol (I1 >> I) 


a Amount of drug in solution at 5 min. postdissolution as obtained 
from the dissolution profiles of Fig. 7. b Calculated from the slope of 
Fig. 8. 


to Polymorph I was seen to  occur within 24 hr., as shown by the 
same equilibrium solubilities of these three samples at 24 hr. post- 
dissolution. It is apparent from the comparison of these three curves 
that the initial dissolution rate of Polymorph I1 is decreased, the 
peak solubility is reduced from 6.45 X t o  4.55 x lo-* M. 
the time needed for initiating the nucleation process is shortened 
from about 40 to 10 min., and the nucleation rate is suppressed ap- 
proximately threefold when there is only about 5-10z of Poly- 
morph I “contaminating” Polymorph 11. The difference in the peak 
solubilities of Polymorphs I1 and I is about 3.5-fold. Therefore, in 
selecting the proper polymorph, the advantages of faster dissolution 
rate and higher peak solubility afforded by Polymorph I1 are cer- 
tainly obvious from the in vitro standpoint. 


Intrinsic dissolution rates of these three samples were determined 
under conditions of constant agitation, constant surface, and con- 
stant thickness of diffusion layer. The result is depicted in Fig. 8. 
As expected from the dissolution profiles shown in Fig. 7, Poly- 
morph I1 had a more rapid intrinsic dissolution rate (upper curve, 
Fig. 8) than Polymorph I (lower curve, Fig. 8). Although a straight- 
line relationship is observed for Polymorph I, the slope of the line 
for Polymorph I1 deviates from linearity after about 8 min. This 
deviation was also found for the sample recrystallized from isoamyl 
alcohol (middle curve of Fig. 8). The upper and middle curves of 
Fig. 8 strongly confirm the fact that Polymorph I1 is being trans- 
formed to  Polymorph I during the dissolution process. 


I I 


0.5 1.0 
INTRINSIC DISSOLUTION RATE, rng.-cm.*/min. 


Figure 9-Correlatioii of initial dissolution rate arid intriiisic dis- 
solution rate oJ m i  experimental antiltyperteasiue. See Table I1 for 
details. 


1426 0 Journal of Pharmaceutical Sciences 







Table 111-Characteristics of Dissolution Profiles in 0.1 N Hydrochloric Acid 
~ ~ 


-_-- Nucleation Characteristics -----. 
Time -First-Order Nucleation Process- Equilibrium 


Recrystallization Peak Solubility, Nucleation Transition Solubility: 
Solvent" Polymorph molar, X lo2 Starts, min. t 1 / ~ 1 ,  min. t1/211, min. Time, minb  molar, x 102 


Methanol 


Isopropanol 


I 


I1 


1.71 
1.20 


- 0.79 0.82 (15') 
6.45 (37") 40 35 265 90 1 69 


- - - 
- - - 


1.92(37") < 5  1.23 (27") - 
- - - 


35 
40 


.~ 


39 280 100 
54 295 114 


. . .. 
1.23 
1.02 


Isoamyl alcohol I + I1 4.55 (37") 10 89 260 72 1.71 
(II >> I) 3.79 (27") 10 90 235 87 1.23 


2.99 (15") 15 105 186 118 1.07 


a See text for sample treatment. * Time at which first-order nucleation rate is changed. c Drug concentration in solution at 24 hr. postdissolution 
was taken as approximated equilibrium solubility. 


Table 11 demonstrates the relationship between the intrinsic 
dissolution rate and the initial dissolution rate. The intrinsic dissolu- 
tion rate was calculated from the slope of the individual curve shown 
in Fig. 8, whereas the initial dissolution rate was obtained from 
the drug concentration in solution at  5 min. postdissolution from 
the dissolution profiles illustrated in Fig. 7. It is shown that the com- 
pound with the higher dissolution rate goes into solution rapidly 
regardless of the rotating speed and the method employed. The cor- 
relation of intrinsic and initial dissolution rates is clearly illustrated 
by Fig. 9. 


As mentioned previously and as shown in Figs. 4 and 6, the con- 
centration of drug in solution starts to decline after reaching the 
pseudosteady phase. Although the order of the decline in drug con- 
centration was reported to be first order by several authors (1 I ,  17, 
25), definitive analysis of the data was not performed. For this rea- 
son, the dissolution data presented in Figs. 4 and 6 are transformed 
into logarithmic plots as demonstrated in Fig. 10. These curves 
show that the nucleation characteristics during the dissolution pro- 
file determination in 0.1 N hydrochloric acid are first order in nature. 
The upper three curves are obtained with Polymorph I1 recrystal- 
lized from isopropanol, whereas the lower three curves are obtained 
with the sample recrystallized from isoamyl alcohol. Although the 
nucleation process remains as first order within a 3-hr. period, the 
nucleation rate is changed a t  a specific time for each curve. The 


0 30 60 90 120 150 180 
MINUTES 


Figure 10-Plots den~oristrcctiiig the first-order nircleation cliaracter- 
istics (If (in experimental antiliyperte/isire during the dissolution 
profile determinutiom in 0.1 N HCI. The upper three curves are for 
Polymorpli I I  recrystallized from isopropanol: the lower three curces 
are the sample recrystallized from isoamyl alcohol containing mixed 
Polymorplis Iand I I .  


time at  which the first-order nucleation rate changes is found to be a 
function of the temperature of the dissolction medium: the lower 
the temperature, the slower the nucleation half-life and the longer 
the observed transition time of the nucleation process. The nuclea- 
tion characteristics obtained at  various temperatures are sum- 
marized ii Table III. For example, the first-order nucleation process 
of Polymorph I1 a t  37" starts at  about 40 min. postdissolution with 
a nucleation half-life of 35 min.; at  about 90 min. postdissolution, 
the half-life is 265 min. until the equilibrium solubility is reached. 


Peak solubility at  the pseudosteady state of the dissolution profile 
in 0.1 N hydrochloric acid was considered to  approximate true 
solubility of the polymorph (Polymorph 11) before in situ crystalline 
conversion takes place, while the drug concentration in solution at  
24 hr. postdissolution was taken as the equilibrium solubility of the 
polymorph after reversion (Polymorph I). Since the thermodynamic 
quantities involved in the crystalline transformation of the meta- 
stable polymorph to the stable one can be calculated from measure- 
ments made at  several temperatures, the classical Van't Hoff plot 
was obtained (Fig. 11). A linear relationship exists between logarith- 
mic molar solubility and inverse absolute temperature. The transi- 
tion temperature for the reversion of Polymorph II to I was esti- 
mated to  be about 124.7". The values of the heat of solution for 
each crystal form were calculated from the slopes of Fig. 1 1  and 
were found to be 3058 and 826 cal./mole for Polymorphs I and 11, 
respectively. Therefore, the enthalpy (AH) for the conversion to  
Polyrnorph I was determined to  be -2232 cal./mole. This value is 
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Figure 11-The classical Van't Hoff plot for Polymorph I (D, re- 
crystallized from metlianol), Polymorpli I I  (0, recrystallized from 
isopropaiiol), and mixed Polymorphs I and I1 (A, obtained from iso- 
amyl alcohol) o,f ari experimental aiitiliypertetisice. 
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Table IV-Thermodynamic Properties of Polymorphs of the Antihypertensive Compound 


Poly- AH,. AH, 7-- AGT, cal./moleb---- -AST, e.s.u.b- -Transition--- 
morph cal./molea cal./moleb 310°K. 300°K. 310°K. 300°K. T, oC.a AS, e.s.u. 


- - - - - - - I 3058.2 
I1 826.1 -2232.1 -172.4 -248.7 - 6 . 6  - 6 . 6  124.7 - 5 . 6  


a Heat of solution was calculated from the slope of Fig. 11. b Calculated for the conversion to Polymorph I .  


considerably less than that noted for the trihydrate-anhydrous 
system (17) of ampicillin (-6400 cal./mole) and for Polymorphs C 
to A (-4592 cal./mole) or B to A (-6352 cal./mole) systems of 
chloramphenicol palmitate (25). However, it is twice as large as 
that found for Polymorphs I and I1 of mefenamic acid. 


The free energy difference, AGt, between Polymorphs I and I1 at 
constant temperature and pressure was found to be - 172.4 cal.1 
mole at 37" and -248.7 cal./mole at 27". The entropy change, AS,, 
for the crystalline transformation was computed to be -6.6 e.s.u. 
The entropy change at the transition temperature of 124.7" was cal- 
culated to be -5.6 e.s.u. The thermodynamic parameters for Poly- 
morphs I and I1 of the compound are summarized in Table IV. 


The deposition or nucleation of a solid crystalline phase from 
liquid can only occur if some degree of supersaturation is first 
achieved in the system. The degree of supersaturation is the prime 
factor controlling the deposition process. Exactly how a crystal 
nucleus is formed is not known with a great degree of certainty. 
However, the phenomenon can be analyzed by considering the 
various energy requirements. Since the formation of a solid particle 
demands the expenditure of a certain quantity of energy in the crea- 
tion of the solid surface, the total work ( W t )  needed to  form a stable 
crystal nucleus is equal to the sum of the work required to form the 
surface ( W,, a positive quantity) and the work required to  form the 
bulk of the particle ( W,, a negative quantity). Thus: 


wt = w, + ( - W , )  (Eq. 1) 


For the formation of a spherical particle, for instance, Eq. 1 can be 
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Figure 12-Test of Eq. 12 .for the relationship between the rate of the 
first-order nucleation process and the degree of saturation of the 
system .for the polymorphs obroined .from isopropatiol (lower turoe) 
iind isonmy1 crlcoliol (upppr crrrre). 


expressed as: 


Wt = A 6  - V.Ap (Eq. 2) 


where 6 is the surface energy per unit area, Ap is the pressure dif- 
ference within and without the covered surface, and A and V are the 
surface area and volume, respectively, of the particle formed. If the 
new particle is taken to be a sphere with the radius of r,  then: 


A = 4rrZ 


v = 41 3 m 3  


and: 


2 6  Ap = - 


Then, Eq. 2 can be written as: 


(Eq. 5 )  


= 4/3rr2 6 (Eq. 66) 


The total work of nucleation is thus one-third the work of forming 
its own surface. As a measure of the supersaturation, S, of the 
system as its size decreases, estimation is done from the well-known 
Gibbs-Thomson formula, which may be written in a general form 
as : 


2M6 I n s = - -  RT dr 


where d is the density, M is the molecular weight, R is the gas con- 
stant, and T is the absolute temperature. When the value of r in Eq. 
7 is substituted in Eq. 6, one gets: 


This expression gives a measure of the work of nucleation in terms 
of the degree of supersaturation of the system. This equation is ex- 
tremely important. It can be seen, for example, that when the system 
has just reached saturation (S = 1 or In S = 0), the amount of 
energy required for nucleation is infinite and, therefore, a saturated 
solution cannot nucleate spontaneously. However, the very same 
equation also suggests that any supersaturated solution can nucleate 
spontaneously because there is some finite work requirement as- 
sociated with the process-it is merely a question of supplying the 
required amount of energy to the system. 


The rate of nucleation, N ,  means the number of nuclei formed per 
unit time per unit volume. Kinetically, N can be expressed in the 
form of the Arrhenius reaction velocity equation: 


N = A . exp (-$) 
where A is a frequency factor, and AG is the overall excess free 
energy of the particle, i.e., the work of nucleation, Wi. From Eqs. 
8 and 9, one gets: 


16rM263 ) (Eq. 10) ( -3R3T3 &(In S)2 
N = A . exp 


This equation indicates that three main variables govern the rate of 
nucleation: temperature (T ) ,  degree of saturation (S),  and inter- 
facial tension (6). 


For a first-order nucleation process, the rate of nucleation can be 
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Table V-Characteristics of Dissolution Profiles in 0.1 N Hydrochloric Acid at  37" 


-Nucleation Characteristics 7 


Peak Time -First-Order Nucleation Process- Equilibrium 
Recrystallization Solubility, Nucleation Transition Solubility", 


Solvent" Polymorph molar, X102 Starts,min. r l j p 1 ,  min. min. Time, r n h b  molar. ~ 1 0 2  


Isopropanol 
Dimethylformamide 
Dimethylacetamide 
Methanol 
Water 
0.1 N HCI 
Isoamyl alcohol 


Acetone 


I1 6.45 40 
I1 5.94 30 
I1 5.37 28 
I 1.92 <5  
I 1.71 <5 
I 1.74 <5 


I + I1 4.55 10 
(I1 >> I) 
I + I1 3.56 12 


(I1 > I) 


35 265 90 1.69 
49 320 92 1.69 
78 600 140 1.67 


1.71 
1.69 
1.71 


89 260 72 1.71 


180 540 45 I .73 


- - - 
- - - 
- - - 


0 See text for sample treatment. * Time at which first-order nucleation rate is changed. c Drug concentration in solution a t  24 hr. postdissolution 
was taken as approximated equilibrium solubility. 


expressed kinetically as : 


The value of 1 1 / ?  is based upon a change in particle generation and 
is reflected by the drug concentration in solution. Combining Eqs. 
10 and 11, one obtains: 


Therefore, a linear relationship is expected when In tl/ ,  is plotted as 
a function of the reciprocal values of (In S)z. As shown in Fig. 12, 
a fairly good linear relationship between the rate of the first-order 
nucleation process and the degree of saturation of the system is 
established for the Polymorph I1 (lower curve) and the mixed Poly- 
morphs 1 and I1 (upper curve). 


This discussion is centered around the polymorphs recrystallized 
from methanol, isopropanol, and isoamyl alcohol. The char- 
acteristics of the dissolution profiles for the samples, recrystallized 
from other aqueous and nonaqueous solvents, in 0.1 N hydrochloric 
acid at 37" are summarized in Table V. As indicated in the first and 
second columns of Table V, the type of polymorph obtained is 
strongly dependent upon the solvent used in the recrystallization 
process. Polymorph 11 is obtained by employing isopropanol, di- 
methylformamide, or dimethylacetamide as the recrystallization 
solvent; Polymorph I is harvested from methanol, distilled water, 
or 0.1 N hydrochloric acid. However, if acetone or isoamyl alcohol 
is employed, samples containing mixed Polymorphs I and I1 with 
Polymorph I 1  as the major component are obtained. Although the 
equilibrium solubilities of these eight samples, as listed in the last 
column of Table V,  are practically identical regardless of the crystal- 
lization solvent employed, the peak solubilities attained by each 
sample are different from each other. There is almost a fourfold 
difference in peak solubilities a t  37" between the samples obtained 
from isopropanol and the crystals harvested from water. Further- 
more, the peak solubilities of Polymorph I1 obtained from different 
recrystallization solvents are different from each other. For ex- 
ample, Polymorph I1 harvested from dimethylacetamide attains a 
peak solubility of 5.37 X lo-* M, which is approximately 10 and 
207; lower than that reached by Polymorph I 1  obtained from di- 
methylformamide and isopropanol, respectively. Since the samples 
employed for dissolution profile determination are fractions of 
2@40-mesh particles, particle-size effect on the dissolution behavior 
(32) as a contributing factor to this difference in peak solubility 
could be ruled out. However, one should bear in mind that the 
surface characteristics of the solid particles recrystallized from dif- 
ferent solvents could be different even if they were in the same 
particle-size range. Another plausible explanation is that a very 
minute amount of Polymorph I contained in Polymorph I1 re- 
crystallized from dimethylacetamide or dimethylformamide was 
not detectable by the IR and X-ray techniques, thus lowering the 
peak solubilities for these two samples as compared to Polyniorph 
I 1  prepared from isopropanol. 


The nucleation characteristics of the dissolution profiles in 0.1 
N hydrochloric acid at  37" are also presented in Table V. The first- 


order nucleation rate differs among various Polymorph 11's re- 
crystallized from different solvents. For example, the first-order 
nucleation process of Polymorph I1 obtained from isopropanol had 
a half-life of 35 min. (ti/:, fast nucleation step), which was changed 
at  about 90 min. postdissolution to a half-life of 265 min. ( t I / > I ,  slow 
nucleation step, and possibly crystal growth is involved). The same 
Polymorph I1 harvested from dirnethylforrnamide and dimethyl- 
acetamide had a ti/$ of 49 and 78 min. which changed to a r1/>1 


of 320 and 600 min. a t  about 92 and 140 min. postdissolution, re- 
spectively. By assuming that the same formulation, manufacturing 
processes, and equipment are employed by different firms in produc- 
tion of the solid dosage form containing Polymorph 11, the implica- 
tion of these findings are significant since different dissolution pat- 
terns and, consequently, different bioavailabilities could be found 
if the Polymorph I1 employed was not harvested from the same re- 
crystallization solvent. It is apparent that the proper choice of the 
most suitable crystalline modification can often significantly en- 
hance the absorption and therapeutic efficacy of a given drug. 
Since modification of a crystalline habit of this type could be readily 
studied in a relatively short period of time, this approach may often 
provide the answer for those potential therapeutic agents that show 
poor availability itz uiuo because of slow rates of dissolution. 
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Use of Adsorbents in Enhancement of Drug Dissolution I 


DONALD C. MONKHOUSE and JOHN L. LACH' 


Abstract A new approach is described for increasing the dissolu- 
tion rates of relatively insoluble powders. It is based on the con- 
cept of increasing the surface available for contact with dissolution 
media, This is accomplished by equilibration of the drug in an 
organic solvent (e.g., acetone) on an insoluble excipient with an 
extensive surface (e.g., fumed silicon dioxide). The drugs studied in- 
cluded indomethacin, aspirin, sulfaethidole, griseofulvin, reserpine, 
chloramphenicol, oxolinic acid, probucol, and hydrochlorothiazide. 
The effects of pH, wetting agents, and agitation intensity were in- 
vestigated in some systems. An increased rate of release from the 
minuscular drug delivery system was observed in all instances. 


Keyphrases 0 Adsorbents-used to increase the dissolution rates of 
relatively insoluble drug powders 0 Dissolution rates-micronized 
(minuscular) drug dispersed on microparticulate adsorbents 
Drug delivery system-micronized (minuscular) drug dispersed on 
microparticulate adsorbents 


The poor dissolution characteristics of relatively in- 
soluble drugs has long been a problem to the pharma- 
ceutical industry. If one accepts the premise that the 
absorption of such drugs is rate limited by the dissolu- 
tion process, then the physicochemical factors control- 
ling the dissolution rate may be described by the Noyes- 
Whitney and Nernst equations (1, 2). The terms in these 
equations can be modified and the dissolution rate altered 
through the use of soluble salts, polymorphs, hydrates 
or solvates, molecular complexes, eutectics, and solid 
solutions. These approaches to altering the dissolution 
rate will now be considered in detail. 


As a rule, a pharmaceutical salt exhibits a higher dis- 
solution rate than the corresponding nonelectrolyte at  
an equal pH, although the salt and nonelectrolyte may 
have the same equilibrium solubility. Thus, under the 
conditions that favor conversion of the salt to the non- 
electrolyte, faster dissolution of the salt occurs, but the 
nonelectrolyte precipitates as fine particles which then 
have the required characteristics for proper redissolu- 
tion (3). If rapid dissolution of a nonelectrolyte is de- 


sired, it can be achieved by incorporation of a buffer 
substance into the formulation. Such a buffer effectively 
alters the pH of the diffusion layer, enhancing dissolu- 
tion by in situ salt formation (4). 


The concept of employing a suitable ligand to com- 
plex with a drug substrate in the formation of a more 
soluble entity is not new (5 ) ,  but it has not been widely 
exploited until recently. One such application was made 
with the caffeineergotamine combination (6) .  


The successful utilization of a polymorph of signifi- 
cantly greater thermodynamic activity ( i .e. ,  solubility) 
than the stable modification may provide, in some in- 
stances, therapeutic blood levels from otherwise physio- 
logically inactive drugs. The use of such metastable 
compounds may lead to crystal reversions on standing, 
and these stability aspects must be considered (7). The 
use of solvates and hydrates has also enjoyed limited 
use, although the anhydrous forms of semisynthetic 
penicillins have been used to give blood serum levels 
consistently earlier and significantly higher than those 
observed after administration of similar formulations 
containing the hydrated material (8). 


Reduction of particle size remains the accepted 
method for increasing dissolution rates. However, upon 
micronization, hydrophobic drugs have a tendency to 
clump when exposed to the dissolution medium (9). An 
apparent solution to  this problem was provided by 
Sekiguchi and Obi (10). They proposed that the incor- 
poration of a microcrystalline or molecular dispersion 
of a poorly soluble drug in a solid matrix of water- 
soluble carrier would increase the dissolution rate and 
absorption of the drug. Since then, modifications of the 
technique have been suggested under a variety of names, 
including solid solutions (1 1), eutectics (lo), coprecipi- 
tates (12), and fast-release solid dispersions (13). The 
exact physical nature of these compositions is not ex- 
actly clear, but it is believed that the insoluble drug is 
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The term prostaglandin first appeared in the literature 
in 1935 and was applied by von Euler (1) to a new group 


of physiologically active substances extracted from 
sheep vesicular glands. Over the next 30 years, very few 
studies of this new class of compounds were reported. 
However, after Bergstrom (2) reported structure char- 
acterization and techniques to  produce small amounts 
via biosynthetic pathways in the early part of the last 
decade, the literature has virtually exploded. Five 
prostaglandin papers appeared in 1960-1961,58 in 1965, 
and a total of 1200 through 1970, and they are cur- 
rently being published at a rate of two per day. The 
search to define the physiological role and to develop 
therapeutic applications of prostaglandins as well as 
the search for synthetic prostaglandin analogs with 
improved activity will undoubtedly increase this rate 
even further. 


In addition to the manuscript explosion, prostaglan- 
dins have been the subject of several reviews (3--8) and 
international symposia (9-12). In an effort to disseminate 
efficiently the rapidly accruing prostaglandin litera- 
ture, a comprehensive bibliography (13) was placed 
at the disposal of interested scientists and a journal 
(14) solely devoted to prostaglandins was recently 
published. 


The present review is designed to  cover all aspects of 
the prostaglandin field, with in-depth presentation of 
material only on those areas that have not recently been 
reviewed. Other areas are covered by a general discus- 


l o c H  


20 


I 1  13 15 17 19 


I 


Vol. 61, No. I.?, December 1972 0 1861 







PGF 
S* 


PGE 
Series - 


PGA 
Series - 


PGB 
Series 


H I )  
PGBl 


V 


HC) HC) 
PGF2, 


VI eH 
I 


HO HO 
PGE2 
VII 0 


I 


HO 
PGA2 
Vl l l  0 eH HC) 


PGBz 
IX 


H? 


G" 
e 
tcz20H 


HC) Hi) 
PGF3, 


X 0 


HO H b  
PGE3 


XI 0 


H i  
PGA3 
XI1 0 


II 


HO 
PGB3 
X l l l  


sion with special emphasis on the most recent reports 
and thorough referencing to earlier studies. 


NOMENCLATURE 


Prostaglandins are analogs of the parent 20 carbon 
acid ( I )  given the trivial name of prostanoic acid. The 
prostaglandins are subdivided into four series accord- 
ing to the functionalities present in  the cyclopentane 
moiety as shown in Structures 11-XIII. The PGE series 
(111, VII, and XI) are characterized by a carbonyl 
group at Cg and hydroxyl groups at Cll and C1,. The 
PGF series (11, VI, and X) contain hydroxyl groups at  
Cg, Cll, and C15. The PGA series (IV, VIII, and XII) 
are the A1a,ll-analogs derived from PGE through elimi- 
nation of water, whereas the PGB series (V, IX, and 
XIII) represents the A8~12-isomer of the PGA series. The 
subscript numeral I ,  as in PGEI, denotes the presence 
of one /runs-double bond at C13. The subscript 2 denotes 
a trans-double bond at CI3 and a cis-double bond at  C5. 
In the subscript 3 series, a cis-double bond is located at  
CI7 and the other two double bonds are located at c13 
and C,. The a and p designation in the abbreviated 
nomenclature designates the configuration of the sub- 
stituent at Cg on the cyclopentane moiety with the same 
assignment as in  the steroid area; i.e., a = down and 
,8 = up. Thus, the naturally occurring prostaglandin 
PGF?, has an a-hydroxyl at Cg giving a cis-diol 
system at C, and Cll, whereas the unnatural compound 


PGF20 has a P-hydroxyl group at C, and therefore a 
trans-diol system at Cg and Cll. 


The Cahn-Ingold-Prelog system (15) is used for de- 
fining the stereochemistry at  Clj. The hydroxyl group at  
C15 is in the S-configuration in the naturally occurring 
prostaglandins, and this is shown by a dotted line in- 
dicating an a-type configuration. Trivial nomenclature 
is commonly used for isomeric prostaglandins as well 
as analogs, and Table I illustrates the use of this short- 
hand nomenclature. The systematic nomenclature of 
prostaglandins uses the carboxylic side chain as the 
parent compound. Using this approach, PGF2a is named 
7- { 3a,5a-di hydroxy-2P-[(3S)-3-hydroxy-trans- 1 -0ctenyl1- 
1 a-cyclopentyl/ -cis-5-heptenoic acid. The more common 
prostanoic acid-based nomenclature for PGF?, is 9a,- 
1 l a ,  1 Sa-trihydroxy-5-cis, 13-,rans-pl.ostadienoic acid. 


BIOSY "THESIS 


The first reports of biosynthesis of prostaglandins 
resulted from independent studies by Bergstrom et a/. 
(16, 17) and van Dorp et al. (18, 19), who showed that 
certain w-6-unsaturated fatty acids were biological 
precursors of prostaglandins. Thus, PGE1, P G b ,  and 
PGE3 can be formed by incubating homogenates of 
sheep vesicular glands with homo-7-linolenic acid 
(XXVI), arachidonic acid (XXVII), and 5,8,1 I ,  14,17- 
eicosapentaenoic acid (XXVIII), respectively (Scheme 
1). 


Anggird and Samuelsson (20) were the first to report 
the biosynthesis of a prostaglandin of the PGF series, 
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where the incubation of arachidonic acid with guinea 
pig lung homogenate produced PGF2,. Subsequent 
studies showed that various E and F prostaglandins can 
be biosynthesized or are readily released upon stimula- 
tion of virtually all mammalian tissues (5, 21). Recent 
studies suggest that little prostaglandin is actually pres- 
ent in most tissue in vivo but is rapidly formed following 
homogenization or other stimulation (26). Precursor 
acids, such as arachidonic acid, for prostaglandin bio- 
synthesis exist in tissues as phospholipids. Present 
theory indicates that the release of prostaglandins in- 
volves a splitting of the phospholipid by phospholipase 
A, which is thought to be the rate-limiting step (22-24). 
The released precursor acid then gains access to  prosta- 
glandin-synthesizing enzymes (25). 


A mechanism proposed for the bioconversion of 8,11,- 
14-eicosatrienoic acid into PGEl and PGF1, is shown 
in Scheme 11. The first step is the stereospecific removal 
of one hydrogen at C13 followed by the introduction of 
oxygen at CU to give ll-peroxy-8,12,14-eicosatrienoic 
acid (XXIX) (27, 28). The cyclic peroxide (XXX) is 
then formed by a concerted reaction involving addition 
of oxygen at C15, isomerization of the C12 double bond, 
formation of a carbon-carbon bond between Ce and 
C1$, and attack by the oxygen radical at C9 (29). Studies 


that led to  the determination of the mechanism shown 
in Scheme I1 showed that the oxygens at  C, and Cll 
originate in  the same molecule of oxygen (29-34) and 
that the hydrogens at Cs, CII, and Clz are retained in 
their original position during the bioconversion (35, 
36). Recently, a mechanism not involving an endo- 
peroxide intermediate was proposed (37). 


The cyclic peroxide appears to be the direct precursor 
of either E or F prostaglandins where PGEl is formed 
by removal of hydrogen at  C9 and PGFI, by reductive 
cleavage. In earlier studies, no interconversion between 
E and F prostaglandins was observed (23, 38); how- 
ever, recently, PGF2, has been reported as a metabolite 


The effects of various cofactors on the biosynthesis of 
prostaglandins were first reported by Samuelsson (23) 
and Nugteren et al. (39). Samuelsson studied the forma- 
tion of PGEl from incubations of a C20-Aa,11*14-a~id 
with sheep vesicular gland homogenates and found 
that both the microsomal and supernatant fractions 
are needed for optimum conversion. The supernate 
could be replaced by glutathione, tetrahydrofolic acid, 
or 6,7-dimethyltetrahydropteridine whereas ascorbic 
acid, NADH, and NADPH had no effect. Nugteren 
et al. (39) also studied PGEl formation in sheep vesicu- 


of PGE, (165). 
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Scheme I-Biosynthesis of prostaglandins 


lar gland preparations and found that glutathione stimu- 
lated PGEI formation, whereas other SH-containing 
compounds, such as cysteine and homocysteine, had no 
effect. Antioxidants, such as hydroquinone, stimulated 
PGEl biosynthesis at low concentrations but were in- 
hibitory at high concentrations. Albumin, ATP, NADH, 
and NADPH had no effect. Certain metal ions such as 
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Scheme 11-Mechanism of prostaglanditi biosynthesis 
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Scheme Ill-First sytithesis of a t~atwrally occurring prostaglatidiii 
(62, 63) (Et = ethyl; 6 = phenyl) 


C U + ~ ,  Zn+2, and Cd+2 inhibited PGEl formation 
whereas Fe+2, Fe+3, Co+?, Snf2, Mnf2? Mg+2, and Ca+2 
did not. Complexing agents such as edetic acid and 8- 
hydroxyquinoline were not inhibitory. Van Dorp (33) 
reported that the presence of glutathione in sheep vesic- 
ular gland preparations stimulated PGE but inhibited 
PGF production. Lands et al. (40;) presented evidence 
that the greater amount of prostaglandins produced 
in the presence of glutathione is due to specific stimu- 
lation of the breakdown of the cyclic peroxide inter- 
mediate and not to stimulation of  overall cyclization 
and oxygenation. They also reported that C U + ~  plus 
dithiol stimulates PGF production. 


Recently, Takeguchi et al. (41) studied the biosyn- 
thesis of PGEz from arachidonic acid in bovine seminal 
vesicle preparations where the appearance of PGEe 
was successfully measured by a modified cation of the 
Zimmerman reaction. Homogenates of bovine seminal 
vesicles showed low synthetase activity whereas the 
microsomal fraction exhibited good activity. Gluta- 
thione and hydroquinone were necessary for optimum 
enzyme activity. Several other substances such as L- 
epinephrine, L-norepinephrine, p-aminophenol, and 
serotonin can be used in place of hydroquinone, but 
no other SH-compounds duplicate the effect of gluta- 
thione. 


Substrate specificity studies to date have indicated 
that the precursors must be acids whose chain length 
can vary from C18 to C2, with at lea.st three interrupted 
cis-methylene units located at W-5, w - 6 ,  or W-7 ( 5 ,  33, 
42,43). 


As mentioned previously, van Dorp (42) reported that 
antioxidants, such as hydroquinone, at high concentra- 
tions and certain metal ions inhibit PGEl formation in 
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Scheme IV-Epoxy exo-bicyclohexaiie route (66) (THP = tetrahydropyranyl) 


sheep vesicular gland preparations. Other workers have 
shown that compounds of similar structure to pros- 
taglandins also inhibit biosynthesis. Van Dorp (42) 
and Nugteren (44) reported that 8c,l2r,l4c-eicosa- 
trienoic acid and 5c,8c, /2f, 14c-eicosatetraenoic acid 
were competitive inhibitors of prostaglandin synthesis 
in in vitro and in viuo systems. Oleic (18 : 1, ~ - 9 ) ,  linoleic 


(I8 :2, w-6),  and linolenic (18 : 3, W-3)  acids inhibit the 
conversion of arachidonic acid to PGEz by seminal 
vesicle and stomach acetone powders in a competitive 
and irreversible fashion (44,45). 


Recently, a number of studies reported that certain 
anti-inflammatory substances inhibited prostaglandin 
synthesis in cell-free homogenates, in isolated cells, in 
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a whole organ perfused in vitro, and in an in vivo system. 
Smith and Lands (46) reported that indomethacin and 
aspirin irreversibly inhibited prostaglandin biosynthesis 
in sheep vesicular gland preparations and that the in- 
hibitor could be blocked by o-phenanthroline. Vane 
(47) showed that indomethacin, aspirin, and sodium 
salicylate all inhibited the generation of PGFzo, or PGE2 
activity by guinea pig lung homogenates. On a mole 
basis, indomethacin was 47 times more potent than 
aspirin while sodium salicylate was less potent than 
aspirin. Similarly, these same three compounds in- 
hibited the production of prostaglandins by human 
platelets and the order of effectiveness was the same 
with indomethacin, the most potent, and sodium sali- 
cylate, the least potent (48). This effect was interpreted 
as inhibition of synthesis and appeared to be selective, 
since there was no inhibition of release of 5-hydroxy- 
tryptamine, p-N-acetylglucosamidase, or phospholipase 
A. Ferreira et a/. (49) found that indomethacin and 
aspirin inhibited prostaglandin release from an isoIated 
dog spleen whereas sodium salicylate and hydrocorti- 


sone were ineffective in this system. Collier and Flower 
(50) reported that the concentration of E- and F-type 
prostaglandins in human semen was reduced in subjects 
who had ingested 2400 mg. of aspirin daily for 1 week. 


CHEMISTRY 


A comprehensive discussion of the total synthesis of 
prostaglandins was described in several review articles 
(51-59). A summary of the synthetic schemes reported 
in the literature will be given here, with emphasis on the 
two most widely used routes, the Corey cyclopentyl- 
lactone route and the bicyclohexane route. 


The synthesis will be divided into: (a) naturally oc- 
curring primary prostaglandins and (b)  prostaglandin 
analogs and derived prostaglandins. 


Naturally Occurring Prostaglandins-The synthesis of 
the naturally occurring primary prostaglandins is com- 
plicated by the propensity of the E series to undergo 
@-elimination of the 11-hydroxyl group under both 
acidic and alkaline conditions (60). Epimerization can 
occur at  Cs and, in the case of PGE1, potassium acetate 
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Scheme VII- Cyrlopenryl-iodolactotie route (77) 


in methanol is sufficient to produce an equilibrium mix- 
ture of Cx-epimers (61). The instability and the presence 
of up to four asymmetric centers in the primary pros- 
taglandins led to  a number of independent and in- 
geniously devised synthetic schemes employing novel 
protective groups and reagents. 


Many of the older routes gave d,l-mixtures of stereo- 
isomeric prostaglandins, and only a few routes provide 
stereocontrolled synthesis of optically active prosta- 
glandins. The first synthesis (Scheme 111) of a naturally 
occurring prostanoic acid, namely, racemic 14,lSdihy- 
dro-PGE1 (as the ethyl ester) (XXXVI), was reported in 
1966 (62, 63). Shortly after this, Just and Simonovitch 
(64) reported the synthesis of PGEl and PGF1, using 
the cxo-bicyclohexane route. The reproducibility of this 
process proved to be difficult (65), but a collaborative 
effort on the part of McGill University and The Upjohn 
Co. (66) produced a reproducible synthesis of PGFI, and 
related prostaglandins as shown in Scheme IV. 


Two significant improvements were made in the syn- 
thetic process (Scheme V). The first improvement was 
the discovery that the cyclopropyl rearrangement is 
facilitated by use of the bismesylate XLVII (67, 68). 
The second improvement was the finding that the endo- 
bicyclohexane system gives a much higher yield (69) 
than the em-bicyclohexane system of Just and 
Simonovitch (64). The racemates of PGE2, PGF2,, 
PGFnS, and PGEa were synthesized by the mesylate 
endo-bicyclohexane route ( 7 e 7 2 ) .  
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Scheme IX-Oxide-cyclopentyl-lactone route (8 7) 


In 1968, Corey et al. (73) published the first of a series 
of papers describing the total synthesis of the naturally 
occurring prostaglandins by a number of alternative 
routes. The initial synthesis (73), Scheme VI, was fol- 
lowed by alternative routes to Compound LVI (74, 75). 
Resolution of the 9-amino-prostaglandins as the (+)- 
wbromocamphor-r-sulfonic acid salt led to the 
synthesis of the natural (leuo) and enantiomeric (dextro) 
forms of PGEl (76). In 1969, Corey et aZ. (77) introduced 
a new method for synthesizing prostaglandins as shown 
in Scheme VII. The key intermediate is the versatile 
cyclopentyl-lactone aldehyde LXIV from which d,l- 
PGFzQ (VI) and d,Z-PGE2 (VII) were synthesized. Oxi- 
dation of LXVII (R = tetrahydropyranyl) gave the Ez 
series following acid-catalyzed removal of the protec- 
tive groups. Hydrolysis of the lactone LXIV gave the 
corresponding acid, which was resolved as the ephed- 
rine salt, and this led to a stereocontrolled total syn- 
thesis of the naturally occurring forms of both PGFzQ 
and PGEz (78). Selective hydrogenolysis of the C, 
double bond (Pd/H2) gave the analogous compounds 
PGFI, and PGEl in the naturally occurring forms (79). 
With additional refinements in protective groups and 
reagents (go), the now highly efficient cyclopentyf- 
lactone route led to the synthesis of PGF3, and PGEz 
(8 1) as well as to a host of related prostaglandin analogs 
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Scheme X-Prostaglandin route of Traub et al. (88) 
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Scheme XII-Synllresis o /first prostanoic acid analog (91)  


(82--85). In  an alternative route, Scheme VIII, Compound 
LXlX or LXXI gave the tricarbocyclic intermediate 
LXXII (86). Oxidation of LXXIII gave the lactone 
LXXIV, thus tying in with the synthesis in Scheme VI I .  
A subsequent report by Corey and Noyori (87) de- 


scribed the synthesis of PGF?, using the oxido-lactone 
LXXVI (Scheme IX). 


Traub et al. (88) devised a 29-step synthesis of d.1- 
PGE1 from 6-methoxy-3-indanol (Scheme X). The C ,  
ketone was constructed early in the synthetic route, and 
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the ethylene ketal served as an effective protective 
group for stabilizing the p-ketol system. 


Weinheimer and Spraggins (89) isolated 1 S(R)-PGA? 
from a gorgonian coral known as Plexaura homornalla 
in 1969. Conversion of lS(R)-PGA, (LXXXVIII) iso- 
lated from coral to PGEz and PGF?, was described by 
Bundy et al. (90) (Scheme XI). PGE? was synthesized 
by a modified route in which inversion of the ClS hy- 
droxyl group was accomplished by solvolysis of the ClS 
mesylate. 


Analogs and Derived Prostaglandins- -T he first re- 
ported synthesis (Scheme XII) of a prostanoic acid 
analog was that of Saniuelsson and Stillberg (91) in 
1963. The modified PGB Compound XCV was shown 
to be identical with a degradation product of PGEI. In 
1966, Bagli et a/ .  (92) described the first synthesis of a 
prostaglandin with a C15 allylic alcoho;. 11-Desoxy- 
PGF,, compounds were initially prepared by a 12-step 
route (Scheme XIIIa) and later by a shortened route 
(Scheme XIIIb) (93). In a third route (Scheme XIV), 
Bagli and Bogri (94) synthesized 1 l-deoxyprostagland- 
ins by a photochemical addition of chlorovinyl ketone 
CIX with the cyclopentenone CI to give a quantitative 
yield of the bicyclic structure CX. Treatment of CXI 
with zinc and acetic acid gave the prostanoic acid 
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Scheme XIV-Photochemical route (94) 


skeleton. Hardegger et al. (99 ,  in 1967, synthesized 
d,I-PGBl (V) from the cyclopentenone CI according to 
Scheme XV. 


A number of other groups (96-98) synthesized PGB- 
type compounds from the enol ether CXVII first de- 
scribed by Collins et al. (99). Reaction of CXVII with 
1 - octyn - 3 - tetrahydropyranyloxymagnesium bromide 
gave the lower side chain of the prostanoic acid. PGBl 
was synthesized from the resolved intermediate l-octyn- 


The PGF-type compounds were synthesized by 
Vandewalle et al. (100) from the tri-keto CXVIII by 
alkylation with an octynol to  give the C12 side chain. 
Pappo et al. (98) used this approach to  obtain ll-hy- 
droxy-PGB-type compounds. 


Klok et al. (101) reported the synthesis of a mixture of 
dihydro-PGEl stereoisomers CXXI from the PGB-type 
Compound CXIX (Scheme XVI) (102). 
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Scheme XV-Sytirltesis of prostuglattdiris by Hurdegger et al. (95)  
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15-Keto-PGB, was synthesized from Compound 
CXXII by intramolecular condensation and pyrolytic 
removal of cyclopentadiene (103, 104). A modification 
of this process used a Wittig reaction to construct the 
C,, side chain (105). 


Alternative methods for synthesizing 1 5-keto-PGB1 
were reported by Morin et al. (106), in which the general 
plan was to construct the two prostanoic acid side 
chains on a benzene nucleus followed by conversion of 
the latter to the cyclopentane moiety. A number of 
workers (96, 97, 99) reported the synthesis of PGBl 
from the di-ketone CXXIII. 


Klok er al. (107) synthesized PGB, from the inter- 
mediate cyclopentenone CI. Strike and Smith (108) 
described a novel synthesis of stereoisomeric prosta- 
glandins (Scheme XVII), in which the appropriately 
substituted levulic aldehyde CXXIV was initially con- 
structed. Intramolecular aldolization gave the PGA 
analog CXXV, which was epoxidized and catalytically 
hydrogenated to give a stereoisomeric mixture of the 
PGE-type compounds, CXXVI. Several d,l-3-oxa- 
prostaglandin analogs such as CXXVII were synthe- 
sized by Nelson (54) using the bicyclohexane route. The 
ether oxygen was introduced in an attempt to block 
in vivo @-oxidation of the carboxylic side chain. 


Bundy et al. (90) synthesized 15-methyl-PGF2, from 
15-keto-PGF2, by means of the Grignard reaction. Both 
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the 15-methyl-prostaglandins and the 3-oxa-prostagland- 
ins were active in several biological test systems. 
CrabbC (82) used Corey’s cyclopentyl-lactone route to 
obtain various 1 l-desoxy-prostaglandins and 10-hy- 
droxy-prostaglandins as well as amide derivatives at 
C1. CrabbC’s report showed the use of the Corey routes 
in modifying the side chains as well as the cyclopentyl 
group of prostaglandins. 


7-Oxa-prostaglandins were synthesized by Fried and 
coworkers (109-1 11) from epoxide CXXVIII in Scheme 
XVIII. In the gerbil colon assay, 7-oxa-PGF1, (CXXX) 
showed 5 of the activity of PGF1,, whereas the anal- 
ogous compound 7-oxa-PGEl showed only 4 X lo-* 
times the activity of PGEl in the same test. 7-Oxa- 
PGE, was reported to undergo rapid dehydration in 
neutral solvents. Separation of CXXIX from its en- 
antiomer led to the preparation of the optically active 


Crossley (1 13) synthesized cyclohexane analogs of 
prostaglandins using methods (Scheme XIX) for con- 
structing the lower and upper side chains similar to 
those employed by Corey. Racemic CXXXV was re- 
ported to be “less potent than the natural prostaglandins 
in several biological assays.” 


The choice of protective groups in the design of syn- 
thetic routes is important, as shown by Finch and Fitt 
(1 14). In the attempted synthesis of PGE1, the meth- 
oxime was used as a protective group to stabilize the 
p-hydroxy carbonyl system. However, removal of the 
protective group from the completed prostaglandin 
proved to be difficult, and only a small amount of the 
desired PGEl was formed, presumably due to acid- 
catalyzed degradation of the resulting @-hydroxy car- 
bony1 system. 


Sodium borohydride reduction of PGE, occurs non- 
specifically to give a mixture of PGF2, and PGFzp (1 15). 
Using bulky borohydrides, Corey and Varma (116) 
achieved stereospecific reduction of the PGEz to PGF2,. 
Reduction of PGE2 to PGEl can be achieved with no 
reduction of the C13 double bond by hydrogenation of 
the dimethylisopropylsilyl derivative of PGEz. The 
dimethylisopropylsilyl ethers are more easily removed 
than tetrahydropyranyl ethers, and it was proposed 


cxxx (1 12). 
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Scheme XVII -Synthetic route of Strike and Smith (108) 


that the dimethylisopropylsilyl derivative may be a use- 
ful protective group in other synthetic routes (1 16). 


Conformation of Prostaglandins-----Abrahamsson (1 17) 
reported the conformation of PGF1, using X-ray anal- 
ysis of the crystalline tri-p-bromobenzoate methyl 
ester. Hoyland and Kier (1 18) used the extended Hiickel 
theory in calculating the preferred conformation of 
PGEl shown in Fig. 1. The calculated conformation is 
in agreement with the X-ray studies of Abrahamsson. 
Rabinowitz el al. ( 1  19) used unit cell dimensions to  cal- 
culate the preferred conformation of prostaglandins, 
and i t  was shown that the calculated interaction energy 
between the terminal portion of the upper (a) and the 
lower ( w )  chain decreased in the order: PGE1, PGF1,, 
PGAI, and PGB1. These authors noted that the isolated 
rat uterus potency decreased in the same order and sug- 
gested that interaction between the two chains results 
in increased potency. The additional double bond in  the 
PG2 series, i.e., PGE, and PGF,,, results in a greater 
estimated interaction energy between the two side 
chains and, in accord with the hypothesis, the PG, 
series is more active than the PG, series. 


Studies of the aqueous solution behavior of pros- 
taglandins did not show evidence of aggregation or mi- 
celle formation (120). 


STABILITY 


The general instability of natural prostaglandins in 
basic and acidic milieu has resulted in a substantial 
challenge to the chemist in the synthesis of different 
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prostaglandins (121) and to  the physical pharmacist in 
the development of chemically stable dosage forms. 
For example, PGE, isomerizes to  10% 8-iso-PGEl with 
potassium acetate in ethanol after 100 hr. at  room tem- 
perature (61), while epimerization (60) can occur at the 
CIS hydroxyl group under acid conditions (formic acid- 
sodium formate for 2 hr .  at 25").  Bergstrom (122) 
showed that dehydration and rearrangement of PGE, 
to PGA, and PGB1 occur under alkaline conditions 
(Scheme XX). PGAl and PGB, were not as biologi- 
cally active as PGEl in several in virro test systems (123, 
124). 


The stability of dilute solutions of PGE1, PGE2, 
PGF1,, and PGF?, in 0.9% sodium chloride was as- 
sessed as a function of pH at room temperature, using a 
biological assay (125). Maximum stability of PGEl and 
PGE2 was between pH 6 and 7 ; at lower and higher pH 
values, considerable loss of activity was noted. On the 
other hand, PGF1, and PGF2, were stable for 6 months 
at room temperature at pH 5-1 1, while substantial 
loss of biological activity occurred at pH 1-4. Studies 
on the dehydration of prostaglandins were also re- 
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Scheme XVIII---7-Oxa-prostaglattditi synthesis (109-1 I I )  
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ported by Andersen (126), using UV and optical rota- 
tory dispersion methods. Acid- and base-catalyzed con- 
version of PGEl to PGA, was observed (Scheme XX). 
After 1 month at  5-10', 5 -20z  of a 40-mcg./ml. solu- 
tion of PGEl in methanol was converted to PGA1. How- 
ever, PGE2 in 95% ethanol was stable at -20" for 6 
months (127). The kinetics of reaction (Scheme XX) were 
studied under basic conditions by Oesterling (128). Iso- 
merization (PGA1 to PGB1) was the rate-limiting step 
in the formation of PGBl, because isomerization rate 
constants were approximately 10 times smaller than 
dehydration (PGE1 to PGAl) rate constants. A first- 
order dependency of the rate constant upon the hy- 
droxide-ion concentration was found for both isomeri- 
zation and dehydration, with the energy of activation 
for isomerization being 14.6 f 0.5 kcal./mole. 


ANALYTICAL METHODS 


TLC-The first systematic TLC study of the natural 
prostaglandins was performed by GrCen and Samuelsson 
(129), who reported techniques for the separation of the 
three members of each of the PGE, PGB, PGF,, and 
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Figure I-Calculated preferred con,formation of PGE, according / o  
Hoylandand Kier(Il8).  


PGFB series. Members of the PGE and PGF families 
can be separated on silica gel, but silica gel impregnated 
with silver nitrate is necessary to resolve members of 
each series differing in the degree of unsaturation. Table 
I1 shows the R ,  values of the prostaglandins in the 
various solvent systems studied. Another early paper 
describing TLC of prostaglandins was that of Eglinton 
et al. (130), who reported the separation of PGF,,, 
PGF,,, PGE1, and their methyl esters on Kieselgel G in 
four different solvent systems. TLC techniques reported 
in several subsequent metabolism and biosynthesis 
studies (59) were based on the original studies of GrCen 
and Samuelsson (129). These systems were applicable 
to  the separation of prostaglandin metabolites as well 
as other naturally occurring compounds such as 19- 
hydroxy-prostaglandins (1 3 1). Recently, Andersen 
(132) developed a large number of solvent systems for 
the preparative TLC of PGF, and PGEl epimers. Ap- 
parent Rf values of prostaglandins in these solvent sys- 
tems are shown in Table 111. 
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Scheme XX-Conversion of PGE, to PGB, (126) 
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Table 11-Rj Values of Prostaglandins in Five Solvent Systernsasb 


-RI of Methyl Esters- -Rf of Free Acids- 
---Solvent System-- -Solvent System- 


Compound M-1' M-I1 M-I11 A-P A-I1 


PGEl 0.58 0.65 0.62 0.62 0.80 
PGE, 0.57 0.57 0.49 0.62 n 70 
PGE~ 0.58 0.29 0.20 0.63 0:35 


0.38 0.47 - 0.46 0.64 
- 0.35 0.58 


PGFm 
0.25 0.43 


PGRu 0.37 0.35 - 0.47 0.49 
PGFIB 


0.26 0.33 - 0.36 0.48 
PGF-0 0.38 0.18 - 0.47 n 23 
PGEzB 


PGF;; 0.26 0.18 - 6.36 0.23 
PGB, - - n 9n - - 


- - 0.84 
0.50 


- - 
- - - - 


PGB, 
PGB3 


a M-I, benzene-dioxane (5 :4); M-11. ethyl acetate-methanol-water 
(8:2:5); M-111, ethyl acetate-methanol-water (16:2.5 : lo) ;  A-I, ben- 
zene-dioxane-acetic acid (20: 20: 1); and A-11, ethyl acetate-acetic acid- 
methanol-2,2,4-trimethylpentane-water (110:30: 35: 10: 100). b Adapted 
from Reference 129 with permission. c Without silver nitrate. 


Prostaglandins separated by TLC techniques can be 
quantitated by elution followed by assay. Bygdeman 
and Samuelsson (133, 134) determined the amounts of 
several prostaglandins in human seminal fluid by re- 
moving the compounds from the TLC plate followed 
by UV assay for PGE, PGA, and PGB and by VPC 
assay for PGF compounds. Kunze and Bolin (135) and 
Willis (1 36) recently reported elution techniques for 
the subsequent bioassay of PGE1, PGE2, PGFl,, and 


GLC-GLC, alone and in combination with mass 
spectrometry, has been applied extensively to the 
identification of prostaglandins and their metabolites 
and degradation products (5, 59, 137). The sensitivity 
and selectivity offered by GLC have been elegantly and 
skillfully applied to the determination of prostaglandins 
in biological systems. A wide variety of column support 
material and instrumental conditions have been utilized 
in the determination of prostaglandins by GLC (137). 


Table 111-Apparent RJ X 100 for Some Prostaglandinsamb 


PGFZ,. 


In general, derivatization of prostaglandins is neces- 
sary to prevent on-column degradation, optimize res- 
olution, and minimize adsorption. Members of the F 
series are commonly chromatographed as the tris(tri- 
methylsilyl) ether-trimethylsilyl ester (138, 139) or the 
tris(trimethylsily1) ether-methyl ester (1 34, 140) deriva- 
tives. Albro and Fishbein (138) found that the tris(tri- 
methylsilyl) ether-trimethylsilyl ester derivative of 
PGFzp could be resolved from the tris(trimethylsily1) 
ether-trimethylsilyl ester derivative of PGFzB, but the 
same column ( 3 z  OV-1 on Gas Chrom Q) did not 
resolve the tris(trimethylsily1) ether-trimethylsilyl ester 
derivatives of PGFI, and PGFza. On the other hand, 
Vane and Homing ( I  39) obtained single peaks for these 
same derivatives of PGF1,, PGFlp, PGF2,, and PGFZB, 
and all four derivatives were resolved on a 1% OV-17 
Gas Chrom P column. The tris(trimethylsily1) ether- 
methyl ester derivatives of PGFl, and PGF2, yielded 
single well-resolved peaks, as did the trifluoroacetate- 
methyl ester derivatives (140). However, Anggird (142) 
reported that perfluoroacyl derivatives of F prosta- 
glandins were undesirable for GLC due to multiple 
peak formation. Other derivatives of F-type prosta- 
glandins that have been satisfactorily chromatographed 
include the triacetoxy-methyl ester (130, 141, 143), tri- 
methyl ether-methyl ester (144), and n-butylboronate- 
trimethylsilyl ether-trimethylsilyl ester (145). These 
latter derivatives of prostaglandins form rapidly at 
room temperature, chromatograph as one peak, and 
are specific for the cis-configuration of the 9,ll-hydroxyl 
groups (145). Analysis should be performed soon after 
their formation since they are sensitive to solvolysis. 


The 6-hydroxyketone system of E prostaglandins is 
quite susceptible to dehydration under conditions re- 
quired for derivatization or chromatography. Forma- 
tion of a 9-methoxime accompanied by proper deriva- 
tization at other functional groups will prevent the de- 
hydration ; however, the 9-methoxime derivative chro- 


~ ~~ -- Acidic Silica---- 
7 Neutral Silica ___ 


18 5 - - - -  - - 17 23 - - - 15 - 12 10 14 3 15 8 PGFia 
PGFm 22 12 - - - -  - - 26 30 - - - 25 - 
PGEi 34 25 24 38 15 - - 15 42 37 32 57 - 37 24 
11-epi-PGE, 35 29 31 48 17 - - 21 - - - 66 - 47 29 
15-epi-PGEL 40 37 36 56 21 - - 28 56 46 48 76 - 57 36 
11,15-epi-PGEl 42 40 41 59 22 - - 29 - - - 76 - 56 34 
PGAl 57 78 69 82 50 - - 69 78 57 62 - - 76 50 
15-epi-PGA1 59 80 72 84 57 - - 73 80 58 - - - 77 51 
PGBi 56 79 67 81 50 - - - 77 - - - - 74 - 
CHa-PGEL 47 38 34 49 20 27 42 - - 45 - - 38 - 30 


- - - 57 - - 51 - - - - - 51 - - 
CH3-15-epi-PGE, - - - 63 - - 58 - - - - - 64 - - 


- - - 65 - - 57 - - - - - 63 - - 
CHS-PGAI 64 84 79 - 69 58 - - - 65 76 - - - 67 


63 85 79 - - 58 - - - - - - - - - CH3-PGBi 


CH3-l l-epi-PGEl 


CH3- I 1,15-epi-PGEl 


23 18 24 
37 32 39 
49 45 54 
58 54 62 
59 55 64 
79 77 79 
83 81 86 
79 76 78 


7 
10 
11 
15 
19 
62 
68 
60 
- 
- 
- 
- 
- 
- 


25 17 
38 27 
52 39 
58 48 
60 50 
75 81 
81 87 
76 85 - _  
- -  
_ _  
_ _  
- _  
- -  


a P-I1 is the superficially dried (dried by brief shaking with crystalline sodium chloride) organic layer from ethyl acetate-hexane-water-methanol- 
acetic acid (4:2:2: 1 : 1). C-I is chloroform-tetrahydrofuran-acetic acid (10:2: I). H-I is hexane-tetrahydrofuran-methylene dichloride ( I  : 1 : 1). The 
H series consists of hexane-methylene dichloride-tetrahydrofuran-acetic acid in ratios as follows: H-I, 6:2:2:  I ; H-JI, 30: 10:3 :3; and H-IV, 
10:10:1O:l.TheDseriesconsistsof benzene-dioxane-aceticacidinratiosasfollows: D-I .3:2:0;  D-11.40: 1O:l ;  D-III,20:10: 1;  andD-IV. 20:20:1. 
D-IV is the same as Green and Samuelsson's A- I  system (129). The F series is based on ethyl acetate and more polar additivesas indicated: F-I. ethyl 
acetate-formic acid (100: 1); F-IV, ethyl acetate-formic acid (400:s); F-V, ethyl acetate-ethanol-acetic acid (100: 1 : 1); F-VI, ethyl acetate-acetone- 
acetic acid (90: 10: 1); and F-VII, cyclohexane-ethyl acetate-acetic acid (60:40:2). * Adapted from Reference 132 with permission. 
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matographs as two peaks, representing the syn- and 
anti-isomers. This is particularly disadvantageous when 
mixtures of E, A, and B prostaglandins are chromato- 
graphed since incomplete resolution of the resulting 
signals complicates precise quantitation. Prostaglandins 
of the E series were chromatographed as bis(trimethy1- 
silyl) ether-trimethyl silyl ester-9-methoxime (139, 
145, 146), bis(trimethylsily1) ether-methyl ester-9- 
methoxime (146, 147), dimethyl ether-methyl ester (144), 
diacetoxy-methyl ester-9-methoxime (143) derivatives 
or by conversion to  more stable A or B prostaglandins, 
which are then derivatized and chromatographed as 
described below. In general, methyl esters of E prosta- 
glandins are formed prior to  derivatization at other sites. 
The best reagent for methyl ester formation appears to  
be diazomethane since boron trifluoride-methanol 
causes dehydration of the p-ketol(138). 


Prostaglandins of the A series were chromatographed 
as bis(trimethylsily1) (137, 140), bis(trimethylsilyl)-9- 
methoxime (1 39), and trifluoroacetate-methyl ester 
(140) derivatives. Both the trimethylsilyl and trifluoro- 
acetate derivatives give single peak responses, whereas 
chromatography of the bis(trimethylsilyl)-9-methoxime 
derivative of PGA, yielded two peaks of approximately 
equal magnitude. 


PGB, and PGB2, formed by conversion of the cor- 
responding E prostaglandin, were chromatographed as 
the methyl ester (148), trimethylsilyl ether-methy1 ester 
(42), and acetylated methyl ester (1 38). Acetylated 
methyl esters of PGBl and PGBz were stable and gave 
single resolvable peaks. Prostaglandins of the B series 
were also successfully chromatographed as bis(tri- 
methylsilyl) (1 37, 140) and bis(trimethylsilyl~9-meth- 
oxime (139) derivatives. The latter derivative of PGB, 
unexpectedly gave only a single peak, suggesting that 
only one methoxime isomer was formed. Thompson 
et al. (140) reported that trifluoroacetate methyl esters 
of the B prostaglandins could not be chromato- 
graphed. 


In the early stages of prostaglandin development, 
GLC was utilized primarily as an aid in characterization 
of naturally occurring compounds and metabolites. 
Quantitation of tissue levels was mostly attempted by 
means of bioassays, which were sufficiently sensitive 
but lacked specificity and precision. Recently, the power 
of GLC as a tool to measure low levels of prostagland- 
ins while at  the same time providing excellent specific- 
ity and precision was applied by several workers. Albro 
and Fishbein (1 38) reported that the tris(trimethylsily1) 
ether-trimethylsilyl ester or tris(trimethylsily1) ether- 
methyl ester derivatives of PGF,, and PGF2, and the 
acetate methyl esters of PGB, and PGB, can be de- 
tected at levels as low as 10 mcg. with flame-ionization 
detection. Jouvenaz et al. (26) found that the bis(tri- 
methylsilyl) ether-methyl ester derivative of PGB can 
be detected at levels as low as 1 mcg. by GLC with an 
electron-capture detector (42). A linear response in 
the range of 1-100 mcg. was obtained for B prosta- 
glandins, whereas very little response from E, A, or F 
prostaglandins was observed. The amount of PGE, (con- 
verted to  PGB, by treatment with base) in various rat 
tissues was measured by this technique. Grten and 
Samuelsson (149) also utilized this technique to meas- 


ure levels of tetranor PGEl and tetranor PGBI in the 
urine of rats subjected to  cold stress. Jouvenaz et al. 
(26) also reported that bromodimethylsilyl ether-methyl 
ester derivatives of F prostaglandins can be detected 
by electron capture in the nanogram range; however, 
no data were presented. Another derivative which has 
been detected in the nanogram range by electron-capture 
detection is the trisheptafluorobutyrate methyl ester of 
PGF,, and PGF,, (185). 


The application of GLC-mass spectrometry, where 
the mass spectrometer serves as the detector, was also 
reported for the quantitation of low levels of prosta- 
glandins. Thompson et al. (140) quantitated tris(tri- 
methylsilyl) ether-methyl ester and trifluoroacetate- 
methyl ester derivatives of PGFl, and PGF2, in 
amounts down to 10 mcg. by measuring heights of 
prominent peaks in the mass spectrum. The technique 
was applied to the determination of prostaglandins in 
biological materials and can be utilized to detect PGA1, 
PGAz, PGBI, PGB,, and their 19-hydroxy derivatives. 
Kelley (150) reported the determination of I ng. of 
PGF,, in biological fluids by the use of GLC-mass 
spectrometry coupled with an analog computer. 


Samuelsson et al. (147) recently developed a novel 
application of GLC-mass spectrometry for the quanti- 
tation of PGE, at  the nanogram level. The method 
involves the addition of a deuterated derivative of PGEI, 
which serves as the carrier and internal standard, to  
the protium form. PGE, is quantitated by measuring 
the ratio of the responses obtained from monitoring 
one ion in the fragmentation pattern of each species. 
The derivative formed was the bis(trimethylsily1) ether- 
methyl ester-9-methoxime derivative, where deuterium 
was introduced in the methoxime moiety. The lower 
limit of detection was 3 mcg., with a linear response up 
to  10mcg. 


The sensitivity of the technique was increased 10-fold 
by Axen et al. (143), who incorporated deuterium into 
the parent compound rather than during the derivatiza- 
tion step. This method offers the additional advantage 
that the deuterated internal standard is added before 
isolation and derivatization. Compounds prepared as 
carrier-internal standards were (3,3,4,4,D4) PGF2, and 
(3,3,4,4,D4) PGE2, which were then added to  the pro- 
tium form and derivatized. This technique allows de- 
tection of as little as 250 pg. of PGE2 or PGF,,. 


Spectral Methods-Bergstrom (2) observed very early 
that E prostaglandins readily undergo dehydration of 
the p-ketol system in mild acid or base to form A pros- 
taglandins which, in turn, isomerize to form correspond- 
ing members of the B series in base. The high molar 
absorptivity of B prostaglandins (c = 23,000) (4) has 
served as a basis of assay for B as well as E and A pros- 
taglandins which undergo this facile and quantitative 
conversion to  PGB. Applying this technique to  PGE,, 
Andersen (126) reported that 67 mcg. can be detected 
with 95 % accuracy. 


Andersen (126) also reported on the applicability of 
optical rotatory dispersion to the analysis of pros- 
taglandins. Utilization of this technique allows quanti- 
tation of as low as 4 mcg./mI. of E, A, B, and F pros- 
taglandins, and the sensitivity could possibly be ex- 
tended to  200 ng. 
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Figure 2-Cross-reacfioify of oarioiu prosfaglaiidiiis with PGFz,-hovilie serum albumin aiitiserum. (Reprikted from Reference 153 with 
permission ) 


Recently, two assays were described where pros- 
taglandins are converted into spectroscopically active 
materials. Takeguchi et al. (41) showed that a modifica- 
tion of the Zimmerman reaction is applicable to  pros- 
taglandins containing a cyclopentanone moiety where 
the chromogen is formed by reacting prostaglandins 
with m-dinitrobenzene in strong base. The condi- 
tions for chromogen formation are sufficiently strong 
that E and A prostaglandins are converted to  the cor- 
responding B compounds; thus the assay does not apply 
to E, A, and B mixtures. Morozowich (151) developed 
an assay based on the conversion of PGE2, PGA2, and 
PGF?, to the strongly UV-absorbing p-nitrobenzyl 
esters. When a mixture of PGE2, PGA2, and PGF2, was 
passed through a liquid chromatograph, complete 
resolution of all three compounds was obtained. The 
lower limit of detection of the assay is less than 20 ng., 
with a linear response to 600 ng. 


A fluorescent assay for PGEl was reported (152) in 
which fluorescence is measured following reaction of 
PGEl in 70 sulfuric acid for 30 min. at 65 '. The lower 
limit of detection is 0.2-0.5 mg. PGEl. The nonspeci- 
ficity of the technique is illustrated by the report that 
the responses of PGE2, PGEa, PGA1, and PGBl were 
similar to  that of PGEI. This is not surprising since 
these compounds are all quite acid labile (see Stability 
section) and, under the harsh conditions by which 
fluorescent species were generated, all of the com- 


pounds were probably converted to similar chromo- 
phoric species. 


Radioimmunoassay-Recently, several groups of in- 
vestigators reported on studies aimed at the develop- 
ment of radioimmunoassays for prostaglandins. Radio- 
immunoassays offer both the sensitivity and specificity 
required for adequate quantitation of the low levels of 
prostaglandins found in biological tissues. In all studies 
to date, the antibody has been generated by application 
of the hapten principle, where prostaglandins are 
rendered antigenic by covalently bonding them to large 
molecular weight proteins. Protein portions of the 
antigen have consisted of bovine serum albumin (153, 
154), human serum albumin (1S5), polylysine (156), 
and porcine gamma-globulin (157). Antibodies have 
been developed in rabbits (154-157) and goats (153). 
Techniques utilized to separate free from antibody- 
bound drug have included precipitation by ammonium 
sulfate (155) and by dextran-coated charcoal (154) or 
by the addition of a second antibody (153). 


In general, the sensitivity of these techniques is in the 
range of 25- 100 pg. ; however, Levine and van Vunakis 
(156) reported only nanogram sensitivity. Radioim- 
munoassays have been reported for E, A, and F classes 
of prostaglandins; those of the F series appear to  be 
more reliable and are less troubled by cross-reactivity. 
For example, the antibodies prepared by both Cornette 
et al. (153) and Caldwell et al. (154) showed less than 
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2% cross-reactivity with E, A, or B prostaglandins 
(Fig. 2). On the other hand, more difficulty has been 
encountered in the development of antibodies to E 
prostaglandins. Both Jaffe et al. (155) and Levine and 
van Vunakis (156) reported that antibodies developed 
to E prostaglandins showed equal or greater response 
to the corresponding PGA compounds. Recently, 
Jubiz and Frailey ( I  57) apparently developed an anti- 
body to E prostaglandins that does not cross-react with 
members of the A and F series. 


Enzymatic Assay-A highly sensitive prostaglandin 
assay, utilizing a purified enzyme isolated from swine 
lung, was developed (158, 159). The enzyme is a 
dehydrogenase which catalyzes the oxidation of the 
secondary 15(S) alcohol of many prostaglandins, except 
those of the B series and their 19-hydroxy analogs. 
Prostaglandins are quantitated by coupling the dehydro- 
genase with NADf-NADH and measuring the appear- 
ance of NADH. The lower limit of sensitivity of the 
assay is about 350 pg. Since the enzyme is nonspecific, 
mixtures of E, A, and F prostaglandins must be re- 
solved prior to analysis. 


Bioassay-Until recently, the only assays with suf- 
ficient sensitivity to measure levels of prostaglandins in 
biological fluids and tissues have been bioassays. Al- 
though somewhat lacking in specificity, bioassays have 
been invaluable in isolation and characterization studies 
of prostaglandins. Assays have been based on the effects 
of prostaglandins on the intestine, stomach, uterus, 
colon, blood pressure, etc. (5 ) .  


METABOLISM 


Studies on the metabolism of prostaglandins have 
been primarily concerned with the naturally occurring 
compounds of the E and F series. To elucidate struc- 
tures of metabolites and intermediates, routes and 
rates of metabolism, and sites for enzyme attack, a 
number of in vitro and in vivo animal systems were 
explored. Elegant structure identifications of metabo- 
lites have been performed along with the isolation of 
enzymes showing specificity for particular sites on the 
prostaglandin molecule. Recently, the main urinary 
metabolites of PGF2,, PGE,, and PGEl in humans were 
identified. The major site of biological inactivation of 
prostaglandins was defined by comparison of biological 
activities of metabolites with the parent compound. 


Metabolism of Prostaglandins in Animal Systems- 
IS-Hydroxy-prostaglandin Dehydrogenase and A 3- 


Reductase-Recently, Samuelsson et al. (160) summa- 
rized the results of their elaborate and elegant studies 
on the catabolism of prostaglandins. In 1964, Anggird 
and Samuelsson (161) reported that enzymes in the 
particle-free fraction of guinea pig lung hornogenates 
converted labeled PGEl to 11 a, 15-dihydroxy-9-keto- 
prostanoic acid (dihydro-PGE1) and 1 1 a-hydroxy-9,15- 
di ketoprostanoic acid (1 5-keto-dihydro-PGEl). It was 
also shown that 1 la-hydroxy-9,15-diketoprost-l3- 
enoic acid ( 15-keto-PCiEl) forms exclusively in swine 
lung (159). Hence, these transformations involve the 
reduction of the C13 double bond and oxidation of the 
secondary alcohol at C15. 


In a previous study (162), it was suggested that these 
same metabolites (1 1 a, 15-dihydroxy-9-ketoprostanoic 


acid and 1 1 a-hydroxy-9,15-diketoprostanoic acid) 
were present in rat plasma after intra.venous administra- 
tion of tritium-labeled PGE1. After 40 hr., 50% of the 
administered dose was recovered in the urine as more 
polar metabolites, while 10% was in the feces. A sub- 
sequent study (163) showed that the incubation of 
labeled PGEz in guinea pig lung homogenates resulted 
in the formation of 1 1 a, 15-dihydroxy-9-ketoprost-5- 
enoic acid and 1 1 a-hydroxy-9,15-rliketoprost-5-enoic 
acid. These results coupled with results from similar 
studies (164) on the metabolism of PGE,, where 1 1 a,  15- 
dihydroxy-9-ketoprosta-5,17-dienoic acid and 11 a- 
hydroxy-9,15-diketoprosta-5,17-dienoic acid were 
formed, suggest that PGEl, PGE,, and PGE3 are metab- 
olized in similar fashions. 


In homogenates of guinea pig liver, however, seven 
metabolites of PGE2 were identified (165). The two 
major metabolites again resulted from reduction of the 
c13 double bond and oxidation of the CIS alcohol. An- 
other metabolite, PGF,,, resulted from the reduction 
of the 9-keto group of PGE2; hence, PGEz was con- 
verted to PGF2,. This was the first time that this trans- 
formation was shown to occur in animal tissue. Pre- 
viously, PGFzo and PGE, were isolated from guinea pig 
lung, but PGE, was not an intermediate in the formation 
of PGFzo; rather, they resulted from a common pre- 
cursor acid (arachidonic) (20). The other metabolites 
of the F series were 9a, 1 l a ,  15-trihydroxyprost-5-enoic 
acid (CXXXVIII), 9a, 1 1 a-dihydroxy-15-ketoprost-5- 
enoic acid (CXXXVI), and, tentatively, 8-iso-PGFn,, 
while 8-iso-PGE2 was also identified. In a later publica- 
tion (166), the sequence of the metabolic transforma- 
tion was postulated as: PGEz + I la-hydroxy-9,15- 
diketoprost-5-enoic acid (CXXXVII) -+ 1 1 a, 1 5 ~ -  
dihydroxy-9-ketoprost-5-enoic acid (CXXXIX) (Scheme 
XXI). The formation of CXXXVII resulted from de- 
hydrogenation of the alcohol group at  Clb and reduc- 
tion of the C13 double bond. Since the c13 double bond 
could not be reduced directly, the authors suggested 
that the initial step is dehydrogenation. Reduction of 
the 9-keto group yielded PGFza, which was metabolized 
in an analogous manner to  PGE,. The other F series 
metabolites were also formed by reduction of the C, 
keto group of the corresponding PGE2 metabolite 
(Scheme XXI). The sequence of the early steps in the 
metabolism of PGEl in the kidney, spleen, and liver of 
swine was similar except for the reduction of the C, 
keto group (167), i.e.: (a)  oxidation of the C15 hydroxy 
to a ketone, (b) reduction of the CI3 double bond, and 
( c )  stereospecific reduction of the 15-keto group to  
dihydro-PGEl [ 15(S)] (Scheme XXII). 


A study of the metabolism of PGF1, in the super- 
natant fraction of rat stomach homogenates showed 
the formation of 15-keto-PGF1, and 15-keto-dihydro- 
PGF1, (168). In contrast to  the guinea pig lung study 
(161) with PGE1, no unoxidized dihydro compound 
was found. Similar metabolic pathways occur for 
PGFza in the guinea pig lung (169), where 9 a , l l a -  
dihydroxy- 15-ketoprost-5-enoic acid forms, and in the 
swine kidney (170), where the latter compound forms 
along with 9a, 1 l a ,  15-trihydroxyprost-5-enoic acid. 


To determine the critical step in the biological in- 
activation of PGE1, Anggard (171) tested dihydro-PGEl, 
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15-keto-PGEl, and 15-keto-dihydro-PGEl for their 
biological activity on isolated organs, e .g . ,  guinea pig 
uterus and ileum and rabbit duodenum. Metabolites 
with a keto group were less active than PGEl, while 
saturation of the double bond did not markedly alter 
its effect on smooth muscle or blood pressure (124, 171). 


Oxidation of the CIS alcohol group also substantially 
reduced vasodilator activity in dogs, while saturation of 
the CI3 double bond had a lesser effect. It was concluded 


that the C15 hydroxy group was important for vasodila- 
tor action in dogs (172, 173). Oxidation of the CIS 
alcohol group was also shown (174) to inactivate the 
platelet aggregation properties of PGEl and PGE2. 


The enzyme responsible for catalyzing the oxidation 
of PGE1 to 15-keto-PGEl in swine lung was isolated and 
purified by Angggrd and Samuelsson (159). The enzyme, 
15-hydroxy-prostaglandin dehydrogenase, was NAD- 
dependent and specific for the C1, alcohol group in 
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Scheme XXIII-Metabolism of PGFh and PGEz in the guinea pig (adapiedfrom Reference 203 with permissioii) 


natural prostaglandins. Prostaglandin B1, PGBz, and 
their 19-hydroxylated derivatives were not substrates 
for the enzyme. The stereospecificity of the enzyme for 
the Clj-(S)-configuration was shown by Nakano et al. 
(175) and Shio et al. (176). Substituents on the cyclo- 
pentane ring did not markedly affect the substrate prop- 
erty of the prostaglandins, whereas the nature of the 
carboxyl side chain was important (175). For ex- 
ample, PGF1,, PGF,,, and PGAl were substrates 
for the enzyme, while the p-oxidized metabolites of 
PGEl and PGFl, were poor substrates or exhibited no 
substrate activity. 7-Oxa-PGF1,, however, exhibited 
substrate activity (177). The action of 15-hydroxy- 
prostaglandin dehydrogenase on prostaglandins exhibit- 
ing biological activity but not naturally occurring was 
reported by Vonkeman et al. (178). It was concluded 
that a fixed length of the carboxyl and/or alkyl chain of 
the prostaglandin is not required for conversion. 


The importance of 15-hydroxy-prostaglandin de- 
hydrogenase in the metabolism of prostaglandins in 
perfused guinea pig lungs was suggested by Piper et al. 
(179). However, PGAz was metabolized less than PGEl, 
PGE2, or PGFz,. This selectivity of the lung toward 
PGAz (and PGA1) was previously shown in the cat and 
dog (180, lSl), and it was suggested that PGAl and 
PGAz merit consideration as circulating hormones (180). 
A prostaglandin isomerase that converts PGAl to PGBl 
was reported in cat plasma (182). Autoradiographic 
distribution studies with tritium-labeled PGEl (183) 
and PGFz, (184) in mice showed high concentrations 
of the label in the kidney, liver, and connective tissue, 
while a lower but significant uptake was observed in the 
lungs. 


The significance of the lungs and liver as sites of 
inactivation of prostaglandins was shown by Ferreira 
and Vane (186). Greater than 95% of the activity of 
PGEz on the rat stomach strip was removed in one 
circulation through the intact lungs of cats, and the liver 
removed 70% or more of the PGE? activity. Enzymes 
capable of inactivating prostaglandins were shown to 
be present in a number of other tissues such as the 
kidney (159, 187- 19 l), intestine of the guinea pig (1  59), 
rat homogenized lung, liver, and testicle (189), and 
isolated rat liver (192). Rat plasma, homogenized 
brain, or heart have little ability to metabolize PGEl 
(189). Studies on the distribution of 15-hydroxy-pros- 
taglandin dehydrogenase and A13-prostaglandin reduc- 
tase in tissues of swine showed that both enzymes were 
located mainly in the particle-free fraction of the tissue 
homogenates (193). The highest activities of 15-hydroxy- 
prostaglandin debydrogenase were found in the lung, 
spleen, and kidney. The reductase enzyme was most 
abundant in the spleen, kidney, liver, adrenal, and 
small intestine. The highest specific activity, however, 
was found in adipose tissue. 


p-Oxidation and w-Oxidation-Further metabolic 
transformations of PGEl were indicated by Samuelsson 
(162) as more polar metabolites were found in the urine 
of rats after intravenous administration of tritium- 
labeled PGE1. Studies with labeled 3-14C- and 5,6-3H- 
PGEl administered to rats indicated that most urinary 
metabolites had lost the I4C-label, demonstrating that 
degradation of the carboxyl chain had occurred (194). 
Granstrom et al. (195) showed that one of the main 
urinary metabolites of tritium-labeled PGF1, after sub- 
cutaneous administration to rats was 2,3-dinor-PGF1,, 
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probably resulting from a p-oxidation reaction. Infusion 
of 1-14C-PGE1 into rats showed rapid metabolism, with 
14C02 being expired (196), as did the oral administration 
of L-l4C-PGE1 to thoracic duct-cannulated rats ; and it 
was suggested that p-oxidation may have occurred 
(197, 198). 


With the goal of elucidating the structures of metab- 
olites resulting from in uitro p-oxidation, a series of 
prostaglandins was incubated with the p-oxidizing 
enzyme of the rat liver (199). Analysis by GLC and 
mass spectrometry showed that PGE1, PGB1, PGFl,, 
and PGFls were converted to their corresponding dinor 
p-oxidized homologs. PGA1, 1 1 a, 15-dihydroxy-9- 
ketoprostanoic acid, and 1 1 a-hydroxy-9,15-diketo- 
prostanoic acid ( 15-keto-dihydro-PGEl) yielded mix- 
tures of the dinor and tetranor homologs, the tetranor 
homologs resulting from two steps of p-oxidation. p- 
Oxidation also occurred with labeled PGEl and PGFI, 
in perfused rat liver (200) and with labeled PGEl and 
PGEz in rat lung and kidney (201). 


Structural identification of the main urinary metab- 


HO 
CLI 


olite of PGE2-uiz., 5p,7cu-clihydroxy-l l-ketotetra- 
norprostanoic acid (CXLIII) in the guinea pig, was re- 
ported by Hamberg and Samuelsson (202). Interestingly, 
the configuration at  C6 is beta after reduction of the 
keto group in the five-membered ring (Scheme XXIII). 
PGF2,, on the other hand, gives 5a,7a-dihydroxy-l1- 
ketotetranorprostanoic acid (CXLII) as its main urinary 
metabolite (Scheme XXIII) along with the correspond- 
ing d-lactone, which was tentatively identified (203). 


Further studies (204) on the in uiuo metabolism of 
tritium-labeled PGEz in the rat showed that 55 % of the 
intravenously administered radioactivity was excreted 
in the urine. Nine metabolites (CXLIII-CLI) were 
isolated and identified, and their structures are shown 
here'. PGEz was degraded via three pathways: 


1. Attack by 15-hydroxy-prostaglandin dehydro- 
genase and prostaglandin reductase and subsequent 
p-oxidation (two steps) forming 7a-hydroxy-5,I l-dike- 


~~ 


1 Adapted from Reference 204 with permission. 
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totetranorprostanoic acid (CXLVI), which is further 
oxidized to the w-hydroxy (CXLVIII) and w-carboxy 
(CL) metabolites, respectively. 


2. A pathway yielding the 5p-hydroxyl derivative 
(CXLIII). 


3. @-Oxidation forming metabolite (CXLIV), which 
is possibly dehydrated to CXLV or more likely to the 
corresponding PGA derivative (tetranor-PGAl), which 
is then further oxidized to the w-1- and w-2-hydroxyl- 
ated compounds (CXLVII and CXLIX) and the di- 
carboxylic acid (CLI). 


Hydroxylation reactions at C19 and Czo were pre- 
viously noted with PGA1, while hydroxylation products 
of PGEl were in very small yield; 15-keto-dihydro- 
PGEl was not hydroxylated (205). Metabolites CL 
(206), CXLIII (202), and CXLVI (199), and CXLV 
(199) were previously identified in other systems. A 
similar study on the metabolism of PGF2, in the rat 
yielded nine metabolites (Table IV) with degradation 
pathways similar to  PGE2 (207,208). 


Metabolism of Prostaglandins in Humans-The struc- 
ture of the main urinary metabolite of 9/3-3H-PGFz, in 
man after intravenous administration was reported by 
Granstrom and Samuelsson (209, 210) as 5a,7a-di- 
hydroxy-1 I-ketotetranorprosta-1,16-dioic acid and its 
&lactone. Figure 3 shows that more than 90% of the 
administered 3H was recovered in the urine within 5 hr. 
(160). The transformation of PGFz, to the dicarboxylic 
acid involves several reactions, as shown in Scheme 
XXIVa; these are oxidation of the alcohol group at 
C16, followed by reduction of the A13 double bond, and 
two steps o'f 0-oxidation and w-oxidation (210). Elegant 
structure elucidations showed that, in addition to the 
main urinary metabolite previously described, the 
following compounds were present: 7a,9a, 18-tri- 


hydroxy- 13-ketodinorprost-3-enoic acid ; 7a,9a-di- 
hydroxy- 13-ketodinorprost-3-en- 1,18-dioic acid ; 7a,9a- 
dihydroxy- 13-keto(dinor, w-dinor)prost-3-en- 1,16-dioic 
acid; the y-lactone of 7a,9a, 13-trihydroxy(dinor, w- 
dinor)prost-3-en-l,l6-dioic acid; 5a,7a, 1 l-trihydroxy- 
tetranorprosta- 1,16-dioic acid and its 6-lactone; and 
5a,7a, 16-trihydroxy-l l-ketotetranorprostanoic acid 
and its &lactone (211). The last metabolite was pre- 
viously found as a urinary metabolite of PGFza in the 
rat (208). A reaction scheme that accounted for the 
formation of all metabolites was proposed. The Clj 
alcohol of PGFz, was initially oxidized, followed by 
reduction of the Cla double bond. This yielded 9a, l  l a -  
dihydroxy- 15-ketoprost-5-enoic acid, which was con- 
verted to  9a,  I 1 a, 15-trihydroxyprost-5-enoic acid by 
reduction of the Cls ketone. These two Czo compounds 
were further transformed to the other metabolites by 


- 0 


I I I 
1 2 3 4 5  6 7 8 


HOURS 


Figure 3-Urinary excretion o f  3 H  after intravenous administration 
oJ 9p-3H-PGF~, to human subject. (Adapted from Reference 160 
with permission.) 
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Table IV-Identified Metabolites of Prostaglandinsa 
~ ~~ ____ 


Prostaglandin Test System 


PGEi 


PG El 
PG Ez 


PGEZ 


Swine lung 
Guinea pig lung 


Rat liver 
mitochondria 


Swine kidney, 
liver, and spleen 


Rat (plasma) 


Man 
Guinea pig lung 


Guinea pig liver 


PG €3 Guinea pig (urine) 
W E ,  Rat (urine) 


PGE, Man (urine) 
PGEz Man (blood) 
PG E3 Guinea pig lung 


PGFm Rat (urine) 
PGFiu Rat stomach 


PGFia Rat liver 
mitochondria 


PG FI Rat liver 
mitochondria 


PGFzu Guinea pig lung 
PG Fax Swine kidney 


PGFzu Guinea pig (urine) 


PG Fza Rat (urine) 


PGFxu Man (urine) 


PGBi Rat liver 
mitochondria 


PGAi Rat liver 
mitochondria 


PGAi Guinea pig liver 
microsomes 


_ _ _ _ _ _  


Identified Metabolites 


15-Keto-PGEl 
Dihydro-PG El 
I 5-Keto-dihydro-PGEl 
9a,13-Dihydroxy-7-keto-dinorprost-l I-enoic acid (dinor-PGE,) 


1 5-Keto-PGEi 
1 5-Keto-dihydro-PGEl 
Di hydro-PGEl 
1 la,l5-Dihydroxy-9-ketoprostanoic acid 
1 la-Hydroxy-9,15-diketoprostanoic acid 
7a-Hydroxy-5,1 I-diketotetranorprost-1 ,16-dioic acid 
11a,l5-Dihydroxy-9-ketoprost-5-enoic acid 
11 a-Hydroxy-9,15-diketoprost-5-enoic acid 
1 la, 1 5~-Dihydroxy-9-ketoprost-5-enoic acid 
1 la-Hydroxy-9,15-diketoprost-5-enoic acid 
9a,l I a,l5-Trihydroxyprost-5-enoic acid 
9a, 1 la-Dihydroxy-l5-ketoprost-5-enoic acid 


8-Iso-PGF2, (tentative) 
5P,7a-Dihydroxy-I I-ketotetranorprostanoic acid 
7a,1 l-Dihydroxy-5-ketotetranorprost-9-enoic acid (tetranor-PGL) 
1 I-Hydroxy-5-ketotetranorprosta-4(8),9-dienoic acid (tetranor-PGBJ 
1 I ,  16-Dihydroxy-5-ketotetranorprosta-4(8),9-dienoic acid 
1 I ,  15-Dihydroxy-5-ketotetranorprosta-4(8),9-dienoic acid 
1 I -Hydroxy-5-ketotetranorprosta-4(8),9-diene-I ,16-dioic acid 
5$,7a-Dlhydroxy-l I-ketotetranorprostanoic acid 
7a-Hydroxy-5,I 1 -diketotetranorprostanoic acid 
7.1 6-Dihydroxy-5,I 1-diketotetranorprostanoic acid 
7-Hydroxy-5,I I-diketotetranorprosta-I, 16-dioic acid 
7a-Hydroxy-5,I I -diketotetranorprosta-1 , I  6-dioic acid 
11 a-Hydroxy-Y,15-diketoprost-5-enoic acid 
1 la,l5-Dihydroxy-9-ketoprosta-5,I7-dienoic acid 
1 la-Hydroxy-9,15-diketoprosta-5,17-dienoic acid 
7a,9a, 13-Trihydroxy-dinorprost- 1 I-enoic acid (2,3-dinor-PGFi, 
I 5-Keto-PGFl, 
1 5-Keto-dihydro-PGFlu 
7a,9a, 13-Trihydroxy-dinorprost-1 I-enoic acid 


8-Iso-PGE2 


7fi,9a,l3-Trihydroxy-dinorprost-I I-enoic acid 


9a,l1a-Dihydroxy-15-ketoprost-5-enoic acid 
9a,I la,l5-Trihydroxyprost-5-enoic acid 
9a, I Ia-Dihydroxy-l5-ketoprost-5-enoic acid 
5a,7a-Dihydroxy-l I-ketotetranorprostanoic acid and its 


7a,9a, 13-Trihydroxydinorprost-1 I-enoic acid (dinor-PGFIu) 
5a,7a, 1 I-Trihydroxytetranorprost-9-enoic acid (tetranor-PGF1,) 
5,7,11 , I  5-Tetrahydroxytetranorprost-9-enoic acid 
5,7,11,16-Tetrahydroxytetranorprost-9-enoic acid 
5,7,11,15-Tetrahydroxytetranorprostanoic acid 
5,7,11,16-Tetrahydroxytetranorprostanoic acid 
5a,7a-Dihydroxy-l I-ketotetranorprostanoic acid 
5,7,16-Trihydroxy-l I-ketotetranorprostanoic acid 
5,7-Dihydroxy-l I-ketotetranorprosta- I ,  16-dioic acid 
5a,7a-Dihydroxy- 1 I-ketotetranorprosta-1,16-dioic acid and 


7a,9a, Id-Trihydroxy- 13-ketodinorprost-3-enoic acid 
7a,9a-Dihydroxy- 13-ketodinorprost-3-en- 1 ,ll-dioic acid 
7a,9a-Dihydroxy-l3-keto(dinor, w-dinor)prost-3-en-l,16-dioic acid 
y-Lactone of 7a,9a, 13-trihydroxy(dinor, w-dinor)prost-3-en- 1, 


5a,7a,l I-Trihydroxytetranorprosta-l,16-dioic acid and its &lactone 
50,7a, 16-Trihydroxy- 1 I-ketotetranorprostanoic acid and its b-lactone 
I3-Hydroxy-7-ketodinorprosta-6( 10),1 I-dienoic acid (dinor-PGB,) 


13-Hydroxy-7-ketodinorprosta-8,1 I-dienoic acid (dinor-PGA,) 
1 I-Hydroxy-5-ketotetranorprosta-6,9-dienoic acid (tetranor-PGAl) 
I 9-Hydroxy-PGAl 
20-Hydroxy-PGAl 


&lactone (tentative) 


its 6-lactone 


16-dioic acid 


Reference 


159 
161 


199 


167 


162 


212 
163 


165, 166 


202 
204 


206, 212 
212 
164 


195 
168 


199 


199 


169 
170 


203 


207, 208 


209-21 1 


199 


199 


205 


a The trivial names and ahbrcviations reported in this table are those of the individual authors. See Table I for structure of the abbreviated names. 
Since a consistent nomenclaturc has not been used by authors, some confusion may result regarding stereochemical configurations, especially at the 
CIS hydroxyl group. I n  these cases, the readcr is referred to the original article for clarification. 


some sequence of reactions involving w-hydroxylation, 
w-oxidation, and ,&oxidation. 


labeled PGE? to man, the main urinary metabolite was 
identified as 7a-hydroxy-5,1 1-diketotetranorprosta- 1 ,- 
16-dioic acid (CL) (206). The formation of CL from 


PGEz is shown in Scheme XXlVb and involves the 
initial oxidation of the Clj secondary alcohol, followed 


After the intravenous administration of tritium- by reduction of the C13 double bond and then two steps 
of p-oxidation and w-oxidation. The sequence of 8- 
oxidation and w-oxidation was not known (212). Com- 
pound CL also resulted from the administration of 
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tritium-labeled PGE1, 1 I a-hydroxy-9,15-diketoprosta- 
5,13-dienoic acid, 11 a-hydroxy-9,15-diketoprost-5- 
enoic acid, and 1 1 a-hydroxy-9,I5-diketoprostanoic 
acid (212) and was previously identified as a urinary 
metabolite in the rat (204). The rapid removal of labeled 
PGE2 from the blood was exemplified by the fact that 
after 1.5 and 4.5 min., only 3 and O-OSZ, re- 
spectively, of the injected dose were present as PGEz 
in the blood. The main metabolite present in the blood 
was 1 1 a-hydroxy-9,15-diketoprost-5-enoic acid. Fifty 
percent of the injected radioactivity was recovered in 
the urine after 2 hr., and about 6 7 x  was recovered 
after 12 hr. After intravenous administration of labeled 
PGE1, 6 0 z  of the administered radioactivity was ex- 
creted in the urine in 12 hr. (212). Rapid inactivation 
of PGEl was also shown in human lung homogenates 
(213) and human placenta (214). PGEl was not signifi- 
cantly degraded in human plasma (213) or human uterus 
(214). 


Analog programs have been designed to modify pros- 
taglandins structurally at  specific sites of the molecule 
where enzyme attack is known to occur. Bundy et al. 
(90) published a novel prostaglandin synthesis whereby 
3-oxa- and 15-methyl-prostaglandins were prepared. 
The 3-oxa compounds were expected to interfere 
with poxidation, while the 15-methyl analogs were 
expected to inhibit the attack of the 15-hydroxy- 
prostaglandin dehydrogenase. Although chemical modi- 
fications of this type could alter or abolish intrinsic 
activity, both types of analogs were active. The dl-3- 
oxa-PGEl ethyl ester, however, was less active than 
PGE1. Greater success was shown with the 15-methyl 
compounds because the 15-methyl analogs of PGF1,, 
PGF2,, and PGE2 were not substrates for the 15-hy- 
droxy-prostaglandin dehydrogenase enzyme, and they 
showed good smooth muscle activity. Comparable 
biological activity of 15(S)-methyl-PGFz, and 15(S)- 
methyl-PGE2 with the parent compounds was also 
demonstrated by vaginal or intravenous administration 
in monkeys (215). In humans, the 15-methyl analogs of 
PGE? (methyl ester) and PGF2, were more potent than 
the parent compounds in stimulating uterine smooth 
muscle (216). 


In summary, studies on the catabolism of various 
prostaglandins showed that they are rapidly metabolized 
in various animal systems and humans. Table IV lists 
the prostaglandin metabolites that have been identified 
in the different test systems. Oxidation of the secondary 
CI5 hydroxy group, reduction of the c13 double bond, 
p-oxidation, w-hydroxylation, and w-oxidation are the 
major routes for these metabolic transformations. 


BIOLOGY 


Prostaglandins elicit a wide range of biological re- 
sponses when tested in in uitro and in uiuo animal sys- 
tems. Other than their extreme potency and diverse 
pharmacological effects, few generalizations can be 
made regarding their activity because one prostaglandin 
may exert a specific effect that is not characteristic of 
other prostaglandins even though their chemical struc- 
tures are similar. Also, significant differences in potency 
are noted within members of the same prostaglandin 


series. In the following sections of this review, the major 
biological actions of the prostaglandins are presented 
along with discussions on their clinical uses. Where 
appropriate, mechanisms of action are briefly described. 
It is beyond the scope of this review to summarize all 
of the biological literature relating to  prostaglandins 
and no attempt has been made to do so. It is our pur- 
pose to familiarize the reader not only with the biology 
of these compounds but also with routes of administra- 
tion and formulations that were studied. The biologi- 
cally oriented reader is referred to reviews by Bergstrom 
et al. (9, Weeks (7), and Hinman (8) for a comprehen- 
sive presentation of the biology of prostaglandins. 


Reproductive Systems-Effect of Prostaglandins on 
Reproductive Organs-In 1930, Kurzrok and Lieb (217) 
showed that isolated human uterine strips contracted or 
relaxed in the presence of human semen. The ability of 
human seminal plasma to  stimulate smooth muscle was 
independently observed by Goldblatt (218, 219) and 
von Euler (220, 221), and a substance with similar bio- 
logical properties was extracted from vesicular sheep 
glands (1). Subsequently, it was pointed out that these 
effects were due to mixtures of prostaglandins (2). 
Human seminal fluid contains 13 prostaglandins: 
PGEl, PGE2, PGE3, PGF1,, and PGF2, (222, 223), and 
PGA1, PGAz, PGB1, PGB2, 19-hydroxy-PGAl, 19- 
hydroxy-PGA2, 19-hydroxy-PGB1, and 19-hydroxy- 


Studies were performed to determine if there is a re- 
lationship between prostaglandin content in semen and 
male fertility, but no correlation of prostaglandin con- 
centration with spermatozoa count or motility was 
found (225-228). However, prostaglandin concentra- 
tions were reduced in semen from subfertile oligosper- 
mic men (225), and two out of 10 patients with sus- 
pected infertility were also reported to have lower con- 
centrations of seminal prostaglandin (227). Recently, 
it was suggested that the concentration of PGE com- 
pounds in human seminal fluid was important for 
normal fertility (229, 230). 


The biological actions of prostaglandins on animal 
and human reproductive tissue vary, depending upon 
the particular prostaglandin studied and the hormonal 
state of the tissue (5, 231, 232). PGEI, PGE2, and PGE3 
all decrease tonus, frequency, and amplitude of spon- 
taneous contractions of human uterine strips (233-237). 
The same effects were produced by PGA1, PGA2, PGB1, 
PGB2, and their corresponding 19-hydroxy derivatives, 
but higher doses were required (238). In contrast, PGF1, 
and PGFzu caused contraction of isolated myometrial 
strips (234, 237-239). Using pregnant human myo- 
metrium, Embrey and Morrison (241) reported that 
both PGEz and PGFz, stimulated myometrial con- 
tractility in vitro. However, a selective action of 
PGE2 and PGFza was observed, since their stimulatory 
effect was greater on the upper uterine segment com- 
pared to the lower segment. In vivo administration of 
PGEI, PGE2, PGFl,, and PGF2, had a stimulatory 
effect on the uterus (242-245). PGFl, was not as active 
as PGF2,, and the threshold dose (- 100 mcg.) of PGF2,, 
was approximately eight times greater than PGEl with 
single intravenous injections (244). Contraction or re- 
laxation of human fallopian tube segments occurred, 


PGBz (224). 
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depending upon the segment of the tube studied and the 
prostaglandin (235, 236, 239). In uiuo, PGF2, stimulated 
the fallopian tube whereas PGE2 inhibited tuba1 mo- 
tility (240). 


Studies are underway to  define a physiological role 
of prostaglandins in the reproductive area. Data suggest 
that they are involved in menstruation (232), luteolysis, 
and initiation of parturition (246). Prostaglandins are 
present in human amniotic and menstrual fluids, the 
human endometrium, the umbilical cord, placental 
vessels, and decidua (231). Karim and Devlin (247) 
reported that uterine-stimulating PGFl, and PGF2, are 
absent in amniotic fluid obtained from patients not in 
labor and are in this fluid only during labor. Hence, 
these compounds may play a role in the initiation of 
labor. Further support for this statement is that ele- 
vated levels of PGE2 and PGFp, are present in  maternal 
circulation during labor, and the pattern of uterine 
activity induced by infusion of PGE, and PGF2, is 
similar to that of normal labor (248). The latter two 
prostaglandins have been used for the induction of labor 
at or near term (see Labor Induction section). 


The luteolytic effect of PGF2, in rats was reported by 
Pharriss (249). It was hypothesized that if  the uterus 
could reduce the bIood flow through the utero-ovarian 
vein by secreting a venoconstrictor substance, such as 
PGF?,, then perfusion to the ovary could be regulated. 
This restricted blood flow could be responsible for the 
degeneration of the corpus luteum when fertilization 
has not occurred. In this way, a local luteolytic effect 
could result without involving the systemic circulation. 
Other possible luteolytic mechanisms such as a direct 
feedback on the pituitary gland, a direct toxic effect on 
the corpus luteum, and activation of a uterine luteo- 
lytic factor were considered less likely on the basis of 
available animal biological data (250). However, antag- 
onism of circulating gonadotropins by PGF2, was not 
eliminated as a mechanism. Johnston and Hunter (251) 
found that gonadotropins antagonized the luteolytic 
action of PGF2, since exogenous prolactin and follicle- 
stimulating hormone maintained pregnancy in hamsters 
in the presence of luteolytic doses of PGF2,. Behrman 
et al. (252) showed that exogenous lutenizing hormone 
prevented the decrease in progesterone secretion in- 
duced by PGF?, when administered to  intact rats; these 
studies suggest an antagonistic effect between PGF,, and 
lutenizing hormone on the ovarian function. Luteolytic 
effects of PGF2, were also reported (7) in the rabbit, 
guinea pig, sheep, and monkey while early pregnancy 
was terminated in rats, rabbits, hamsters, and monkeys. 
McCracken (253) suggested that PGF2, or a substance 
with similar properties may be the luteolysin in sheep. 
A countercurrent mechanism was proposed whereby a 
substance passes from the utero-ovarian vein into the 
ovarian artery. In  this way, a lytic factor from the 
uterus could be transported to the ovary in a local 
fashion. Studies with infusions of 3H-labeled PGF2, 
substantiated this hypothesis. 


The results of these numerous studies on the effect 
and mechanism of action of prostaglandins on repro- 
ductive organs have laid the groundwork for the clinical 
testing of prostaglandins. Without a doubt, pros- 
taglandins have enjoyed their widest application in 


obstetrics where PGF2, and PGE2 have been used 
successfully for: ( a )  labor induction, (6 )  induction of 
therapeutic abortion, and (c) fertility control. The use 
of prostaglandins and their history in the reproductive 
area were summarized by several investigators (254- 
258). 


Labor Induction-Studies of the effects of E pros- 
taglandins on the intact pregnant human uterus at  term 
were first reported by Bygdeman et al. (242). PGEl or 
PG& was administered by continuous intravenous in- 
fusion at a rate of 1-8 mcg./min. to  seven patients who 
were at  or near term. The infusion time varied from 5 to 
45 min., and the maximum dose administered was 
240 mcg. Under these dosing conditions, stimulation 
of the motility of the uterus occurred and no side effects 
were observed. However, these infusions caused a sig- 
nificant increase in uterine tone as well as contractility; 
and due to  the small difference between the doses which 
caused an increase in uterine contractility and hyper- 
tonicity, the authors concluded that the E prosta- 
glandins did not appear suitable for induction of labor. 


Subsequent studies by other investigators showed 
that E prostaglandins can be administered satisfactorily 
for the induction of labor. In a study involving nine 
term patients, Embrey (260) administered PGEl or PGEz 
in the 2-6-mcg./min. range and observed a marked 
increase in frequency and amplitude of uterine con- 
tractions. Before the effect was established, a latent 
period of 15-20 min. was observed, and the threshold 
dose was in the order of 2 mcg./min. In a patient re- 
ceiving 8 mcg./min., a transient increase in tone was 
recorded which quickly disappeared when the infusion 
rate was reduced. No hypertonus occurred in any of the 
other patients receiving E prostaglandins. In further 
studies, Embrey (261) reported the successful induction 
of labor in 23 out of 25 term pregnancies by the intra- 
venous infusion of PGEl or PGE,. Prostaglandin was 
administered in the 0.5-6-mcg./min. range in the first 
group of cases and in the 0.5-2-mcg./min. range in the 
second group until labor was established. Stimulation 
of frequency and amplitude of uterine contractions 
occurred in all patients after a latent period of 15-30 
min., and the resulting uterine contractility pattern 
resembled that seen in normal spontaneous labor. Hy- 
pertonus was observed in one case only, which showed 
a transient increase in tone at  a dose of 8 mcg./min. The 
infusion interval varied from 0.5 to 10 hr., and the total 
dose varied from 140 to  600 mcg. of E prostaglandin. 


The effect of PGE, on the pregnant human uterus at 
or near term was also studied by Karim et al. (262). 
Intravenous infusion of 0.5 mcg./min. PGE2 stimulated 
uterine activity in all 50 cases studied and resulted in 
48 normal vaginal deliveries. The latent period before 
the start of uterine activity ranged from 5 to  30 min. but 
was usually less than 15 min. No unphysiological ele- 
vation of tonus, irregularity in fetal heart rate, or post- 
partum hemorrhage was noted. Similar results were 
reported by Beazley et al. (263), who attempted to in- 
duce labor in  40 term patients by intravenous infusion 
of PGE2. Drug was administered at a constant rate of 
0.44 mcg./min. and was doubled as required. Infusion 
was continued until delivery, and this technique re- 
sulted in 37 successful vaginal deliveries. The effective 
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Table V-Summary of Labor Induction Studies Comparing Prostaglandins with Oxytocin 


Am- 
niotomy Number 


Ref- before Patient of 
erence Compounds Studied Infusion Infusion Rate Range Selection Patients Duration of Infusion 


273 


272 


270 


267 


259 


269 


268 


275 


271 


274 


PGR, 


PGE2 
Oxytocin 


Oxytocin 
PGEz 
Oxytocin 
PGEl + oxytocin 


PGR, + oxytocin 
PGEz 


Oxytocin 


Oxytocin 


PGEz 
PGR, 


PGEz 
PGFm 


PGEi 
PGEz 
PGR, 
PGRm 


PGEz 
PGFzm 


PGR, 


Oxytocin 


Oxytocin 


Oxytocin 


Oxytocin 


No 


No 


No 


No 


No 


No 


Yes 


Yes 


Yes 


No 


7.5-20 mcg./min. 
1.25-10 mU./min. 
0.21-6.7 mcg./min. 
2.1-67 mU./min. 
0.5-4 mcg./min. 
1-128 mU./min. 
0.4-1 . 2  mcg./min. 
0 .7  mcg./min. 
3-22 mcg./rnin. 
8-12 mU./min. 
0.15-4.8 mcg./min. 
1.5-40 mcg./min. 
2-16 mU./min. 
0.3-1.2 mcg./min. 
2.5-10 mcg./min. 
2-8 mU./rnin. 
0.75-3 mcg./min. 
0.75-3 mcg./min. 
3-6 mcg./kg./min. 
0.05-0.19 mcg./min. 
0.023-0.072 mU./kg./min. 
1 .5-3 mcg./min. 
3-6 mcg./min. 
8-128 mU./min. 
2.5-40 mcg./min. 
1-16 mU./min. 


Bishop score 20 
20 


Random 146 
146 


Random 15 
15 
8 


13 
8 


Bishop score 15 
15 
12 


Bishop score 100 
100 
100 


Random 10 
18 
7 


30 
1 


Random 5 
7 
3 


Bishop score 50 
50 


Until active labor or 
delivery 


Up to 12 hr. 


Until delivery 


3 hr., pause 1 hr., oxytocin 
Up to  10 hr. 
3 hr., pause 1 hr., oxytocin 


Up to 12.5 hr. 


Up to 12.5 hr. 


Up to 13.5 hr. 


Until labor was completed 


Up to  18 hr. 


Up to 10 hr. 


dose to induce labor varied from patient to patient, and 
at least a fourfold difference in infusion rates was re- 
quired. Karim (264) obtained results that indicate that 
PGEz might also be used for the induction of labor in 
cases with fetal death in the third trimester of preg- 
nancy. Intravenous infusion of PGE2 at a rate of 0.5- 
2 mcg./min. was effective in producing delivery in 14 
out of 15 cases attempted. 


The first report of the effect of PGFz, on the intact 
human uterus at term was that of Karim et al. (265), 
in which PGFum was administered by intravenous infu- 
sion at a rate of 0.025-0.05 mcg./kg./min. to 10 pregnant 
women at or near term. Labor was successfully induced 
in all cases with uterine contractions starting approxi- 
mately 20 min. after the start of infusion, and their 
pattern was similar to that of usual labor. In a later 
study, the same investigators successfully induced labor 
in 33 out of 35 attempted cases; however, four patients 
required a second infusion (266). 


A number of studies attempting to compare the rela- 
tive efficacy of prostaglandins with one another and 
with oxytocin to induce labor at  term by intravenous 
infusion were reported. Some basic design features of 
each study are summarized in Table V. Success rates as 
reported in the various studies are not included since 
the difference in definition of a successful induction of 
labor varies from cervical dilatation of a few centi- 
meters to complete vaginal delivery. Many other differ- 
ences in the studies reported to date preclude any mean- 
ingful comparison between studies, but some qualitative 
results are emerging. In general, E prostaglandins have 
been shown to be more potent oxytocics than those of 
the F series. Roth-Brandel and Adams (267) suggested 
that the appropriate dose ratio at  term is in the order of 
10: 1, i.e., a dose range of 0.25-0.50 mcg./min. for PGEl 


and PGE, and of 2.5-5.0 mcg./min. for PGF2,. Similar 
results were obtained in a study in which amniotomy 
was performed prior to drug infusion where PGEl and 
PGE, could effectively induce labor in smaller doses 
than PGFza (268). 


Although it has been clearly demonstrated that pros- 
taglandins are capable of inducing labor at term by in- 
travenous infusion, their efficacy in this area relative 
to one another and to oxytocin is less clear. In a study 
comparing PGE,, PGF?,, and oxytocin in three well- 
matched groups of 100 cases each, Karim (269) reported 
96, 67, and 56 successful inductions, respectively. 
Others also indicated a superiority of PGE2 over oxyto- 
cin where PGE, was more effective in dilating the cervix 
and had a greater stimulatory effect on the uterus (270). 
A possible advantage of PGF2, over oxytocin was dis- 
cussed by Roberts (27 I), who noted no antidiuresis 
during administration of PGFzm, as is often the case 
with oxytocin, and suggested that the use of PGF,, may 
be advantageous in cases involving preeclampsia or 
chronic renal disease. Beazley and Gillespie (272) com- 
pared PGEz and oxytocin in randomly assigned groups 
of 150 cases each and found that, where it was possible 
to compare results in patients of similar parity, dura- 
tion of pregnancy, or fetal weight, both drugs showed 
equal success rates. In studies where cervical status and 
parity were comparable, several investigators (267, 269, 
273, 274) indicated that PGF2, did not appear superior 
to  oxytocin. In a study where results from 30 cases 
receiving PGF,, were compared to a tracing from one 
patient who received oxytocin, Kinoshita et al. (275) 
reported that PGF?, produced more irregular and 
longer duration contractions than those produced by 
oxytocin. 


As in the efficacy comparison studies, large variations 
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Figure 4--Coitti/ti/ous record of the effect of caginal rcdtiiiiiisircrtiori of PGE2 oiz the rrtenrs o f  a primigrauid patictit, age 18 years, after 14 
weeks’ ameiiorrlrra. The iiiductiou-uboriioiz ititerorrl was 7 hr. (280). (Reprimed with peri?iissioiz.) 


in  side effects were reported in the studies mentioned in 
Table V. In most studies, no effects on blood pressure, 
pulse rate, or the GI tract were observed (259, 267, 269, 
272, 275), whereas about half of the patients receiving 
PGE, vomited during labor in the study reported by 
Craft et al. (270). One response that seems to  be specific 
to PGE, is a mild erythema which occurs along the 
course of the infusion vein (268, 270, 272). A tendency 
toward uterine incoordination or prolonged contrac- 
tions was observed in some cases with PGE, and PGE, 
(267, 276) and PGF,, (267, 273). Roberts and Turnbull 
(268) reported that uterine hypertonus occurred in four 
out of I8 cases receiving PGE, infusion following 
amniotomy, and in each case the resting tone was re- 
stored to  normal within 5 min. of stopping the infusion. 
Because of the high incidence of hypertonus, the 
authors pointed out that “more work is required to  
assess the optimum dosage of prostaglandin administra- 
tion for the induction of labor.” On the other hand, 
Gillespie et al. (276) indicated that the sensitivity of the 
uterus to prostaglandins is increased following mem- 
brane rupture and that this may partly explain the 
hypertonus experienced by Roberts and Turnbull. 


In addition to  intravenous infusion, prostaglandins 
have been shown to induce labor effectively when ad- 
ministered by either the oral or the vaginal route. Karim 
and Sharma (269, 277, 278) first reported on the success- 
ful induction of labor following oral administration of 
either PGEz or PGF,,. PGE, (0.5 mg.) or PGF,, ( 5  mg.) 
contained in 5 ml. of 10% ethanol produced stimulation 
of uterine activity similar to that produced in normal 
spontaneous labor at term following oral administra- 
tion. Onset of activity was 5-15 min., and activity lasted 
2-3 hr. with no apparent effect on heart rate, blood pres- 
sure, or the GI tract. In a later study (277), drugs were 
administered orally as solutions or suspensions and 
resulted in 79 out of 80 successful inductions with PGE, 
and 16 out of 20 successes with PGF2,. No serious side 
effects, including uterine hypertonus, could be attrib- 
uted to the oral prostaglandin administration. Most 


patients reported that the drug tasted bitter, but they 
still preferred the oral method of induction. Barr and 
Naismith (279) also reported on the use of orally ad- 
ministered PGEa and PGF2, to  induce labor at term; 
they obtained eight normal deliveries out of 10 attempts 
with PGE, and 12 out of 14 with PGF,,. Mild GI  dis- 
turbances such as nausea, vomiting, and loose stools 
occurred in nine patients receiving PGF?,, whereas 
only one patient receiving PGE, showed this response. 


Karim and Sharma (280) also were the first to  report 
on the use of vaginally administered prostaglandins for 
the induction of labor. PGE, (2 nig.) or PGF2, ( 5  mg.) 
in ethanolic solution was applied to lactose tablets, 
which were inserted into the posterior vaginal fornix 
every 2 hr. until labor was established. The prostagland- 
ins administered by this method produced normal 
labor-like contractions, with an increase in frequency 
and amplitude and without any effect on tonus. Activity 
lasted 2-3 hr. following administration of one tablet, 
and no side effects were observed that could be attrib- 
uted to  prostaglandin. Five patients were tested on each 
prostaglandin, and live normal deliveries occurred in 
all cases. Although vaginally administered prosta- 
glandins were effective for induction of labor at term, the 
authors opined that the oral rouie is more acceptable 
and preferable. 


Therapeutic Abortion-The abortifacient activity of 
prostaglandins was first reported by Karim and Filshie 
(282) and Roth-Brandel et al. (283). The former in- 
vestigators successfully terminated pregnancy in 14 out 
of 15 women with an intravenous infusion rate of 50 
mcg./min. of PGF2,. The induction-abortion interval 
was from 14 to  27 hr. for women with a gestation period 
of 9-22 weeks. Vomiting and diarrhea were noted as 
side effects. The latter investigators induced abortion 
with PGF?, (10-50 mcg./min.), PGEl (1-10 mcg./min.), 
and subcutaneous PGF,, injections ( 5  mg.) every 3 hr. 
(5-6 injections/day) for 2 days. 


In a later study by Karim and Filshie (284), it was 
shown that intravenous administration of 5 mcg./min. 
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PGE, stimulated uterine activity in 52 out of 52 women. 
Gestation varied from 9 to 22 weeks, and abortions 
occurred in 50 of the women in an average time of 14.8 
hr. When PGFz, infusions were increased in a stepwise 
fashion (25-100 mcg./min.), 94% of early pregnancies 
( 5  first 8 weeks) were interrupted in approximately 7 hr. 
(285). An average total close of 30 mg. was given. In the 
later stages of gestation, however, 10-30z of the preg- 
nancies were terminated at  almost twice the infusion 
time. Hence, early abortion was induced more easily 
than late abortion. Side effects (nausea and diarrhea) 
were dose dependent, and a narrow dosage range was 
required for efficacy with limited side effects. 


Subsequently, several investigators reported on the 
successful use of either PGEI, PGE,, or PGF,, for 
abortion (286-29 1) and the management of missed 
abortion and hydatidiform mole (264, 292). Generally, 
PGEz appeared to be 5-10 times more potent than 
PGF2,. Successful abortion was also induced with W- 


homo-PGEl (293) and the 15-methyl analogs of PGE, 
(methyl ester) and PGF2, (216). The 15-methyl analogs 
were more potent than the parent compounds and had 
a longer duration of activity. Recently, Wiqvist et al. 
(294) suggested that the routine clinical use of intra- 
venous PGF,, solutions is limited because of distressing 
side effects (vomiting and diarrhea). However, these 
side effects were avoided when PGF,, and PGE, were 
administered directly into the uterine cavity between 
the fetal membranes and the uterine wall (285, 295). A 
thin polyethylene catheter (1 mm. 0.d.) was introduced 
through the cervix and left in place for intermittent 
injections. Suitable dose ranges were 25-75 mcg. of 
PGEz and 200-500 mcg. PGF,, injected at approxi- 
mately 1-2 hr .  intervals. Sustained intense uterine con- 
tractions resulted, lasting for several hours. Successful 
abortion occurred in all cases (12 women in their 5th- 
13th week of pregnancy). Compared to intravenous 
administration, one-tenth of the dose was needed and 
general side effects were eliminated. Similar results were 
reported by Embrey and Hillier (296) where abortion 
was successfully induced in 14 out of 15 patients (mostly 
in the second trimester) with PGEz and PGFz,. Roberts 
and Cassie (297), however, had less success with the 
intrauterine route of administration. 


In an effort to develop methods of administration of 
prostaglandins for abortion that could be used more 
conveniently in large numbers of women, with less 
undesirable side effects than the intravenous route, a 
number of approaches have been attempted. Although 
a single intravenous or intramuscular injection of PGEl 
and PGE? was shown to increase uterine tone of the mid- 
pregnant human uterus, single intravenous, intra- 
muscular, or subcutaneous injections resulted in a short 
duration of activity (283, 298) and intramuscular and 
subcutaneous injections of PGE, were painful (298). 
The oral administration of PGE, and PGF2, to humans 
was studied by Karim (278). Doses up to 3 mg. PGEz 
or 30 mg. PGF2, (prostaglandins dissolved in alcohol) 
produced no obvious effects on the GI tract, pulse rate, 
or blood pressure when given to healthy male and non- 
pregnant female volunteers. When the subjects were 
given doses of 4 or 5 mg. PGE, or 40 or 50 mg. PGFz,, 
however, loose stools or watery diarrhea resulted within 


20-90 min. after administration. Oral administration 
of 0.5 mg. PGE, or 5 mg. PGFz, was effective in stimu- 
lating uterine activity in late pregnancy, similar to that 
of normal spontaneous labor at term. The onset time 
was 5-15 min., and the effect of a single dose lasted 
2-3 hr. It appeared that oral prostaglandins would be 
suitable for induction of labor (277) but less suitable 
for inducing abortion in early pregnancy because more 
drug has to be given (for abortion), causing severe 
diarrhea and vomiting. 


Recently, Karim and Sharma (280) reported on the 
successful use of the vaginal route for the administra- 
tion of PGEz and PGFz, for abortion. Twenty-milli- 
grams PGE, or 50-mg. PGFz, vaginal tablets were pre- 
pared by the addition of alcoholic solutions of the drug 
onto lactose tablets. These tablets were then inserted 
in the posterior fornix of the vagina every 2.5 hr. until 
abortion took place. The uterine activity was similar 
to that produced by these prostaglandins given by con- 
tinuous intravenous infusion. A continuous recording 
of uterine activity is shown in Fig. 4. Although more 
drug is required for intravaginal administration, the 
side effects are fewer and the induction-abortion inter- 
val is shorter. Lower doses of PGEl (0.20- 1 .O mg.) were 
not effective in stimulating the uterus in six women be- 
tween the 14th and 20th week of pregnancy (243). 
Wiqvist (299) showed that vaginal suppositories of 
PGFz, and PGE, provided uterine stimulation of long 
duration. 


Recently, investigators (300-302) reported on the 
administration of prostaglandins by another local 
route, namely, intraamniotic. In 10 women (13-22 weeks 
of gestation), single intraamniotic administration (by 
means of an epidural catheter) of 2.5-5.0 mg. PGE, or 
25 mg. PGFz, stimulated the uterus to contract and 
resulted in abortion in all cases. The drug was adminis- 
tered into the amniotic cavity in 0.1-0.5 mI. of solution, 
and the injection-abortion interval ranged from 4.5 to 
18 hr. (301). Five to 15 mg. of PGFza, administered intra- 
amniotically at 3- 14-hr. intervals, also produced 
abortion without any failures (300). Except for vomiting, 
no generalized side effects were noted in either study. 


Administration of PGFz, during the secretory phase 
of the menstrual cycle induces strong uterine contrac- 
tions and menstrual-like bleeding (298, 303, 304). 
Therefore, its use as an early abortifacient, to be ad- 
ministered 2-4 days following the first missed menstrual 
period, was suggested (303). Recognizing the potential 
of prostaglandins as antifertility agents, Karim (305) 
reported on the once-a-month vaginal administration 
of PGEz and PGF2,. Twelve women who had passed 
their expected day of menstruation by 2-7 days (eight 
of whom exhibited a positive pregnancy test) were given 
vaginal tablets of either 40 mg. PGE, or 100 mg. PGF?, 
in two divided doses at  4-hr. intervals. Eleven patients 
reported vaginal bleeding lasting 3-4 days after pros- 
taglandin administration, and the posttreatment preg- 
nancy test was negative. The 12th woman had no vaginal 
bleeding and a positive pregnancy test. A once-a-month 
antifertility agent, taken at the time of expected menstru- 
ation in a cycle during which the women had been ex- 
posed to the possibility of an unwanted pregnancy, 
could act by any one of the following mechanisms 
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(305): (a) toxic effect on the developing fertilized 
ovum, (6) interference with the process of nidation, (c) 
stimulation of uterine motility, or (d )  interference with 
the function of the corpus luteum. Although the exact 
mechanism of action is not known, the results of this 
study suggest that the uterus is the target organ for the 
prostaglandin action, because the marked increase in 
uterine activity within minutes after intravaginal ad- 
ministration preceded vaginal bleeding. The impair- 
ment of the corpus luteum function, however, could be 
an additional causative factor for the induction of 
menses (305). 


GI System-The presence of prostaglandins in the 
GI tract of several species and their effect on gastric 
and intestinal strips in vitro have led to studies on the 
action of prostaglandin on gastric secretion. Robert et al. 
(307) showed that intravenous administration of PGEl 
and PGE2 inhibited gastric secretion in the dog which 
was stimulated by either food or histamine, while PGAl 
inhibited only food-induced secretion. PGFZa was tested 
against histamine-induced gastric secretion and was 
ineffective. In addition, PGEl effectively inhibited dog 
gastric secretion induced by pentagastrin and 2-deoxy- 
glucose (308). Inhibition of gastric acid secretion also 
was reported in rats (309-312), and rat ulcers were pre- 
vented by subcutaneous administration of PGEl (309) 
and PGE? (313). Analogs of PGE, were also shown to 
inhibit gastric acid secretion (314, 315) in the rat. 


In man, oral administration of PGEl did not inhibit 
pentagastrin-induced gastric secretion (3 16) while 
intravenous infusion did (3 17). PGAl infusion reduced 
human gastric secretory responses to histamine (3 18). 


Different mechanisms have been proposed to de- 
scribe the antisecretory activity of prostaglandins. 
Jacobson (3 19) suggested that PGEl inhibits gastric 
secretion by a direct action on the secreting cells rather 
than constriction of the gastric mucosal blood supply 
(320). Data of Nezamis et al. (308) suggest that PGEl 
does act on the parietal cells as well as the chief cells. 
Prostaglandin inhibition of gastric secretion may be 
related to  changes in tissue levels of cyclic AMP (306). 
In the intact dog, PGEl may exert its antisecretory 
effect by stimulating formation of gastric cyclic AMP 
(320,321). 


Respiratory System-Animal systems show that 
PGFzp exerts a bronchoconstrictive action whereas 
PGEz produces a relaxing effect on bronchial smooth 
muscle (322). 


PGEl relaxes guinea pig tracheal smooth muscle 
(323) as well as human bronchial muscle (324). In guinea 
pigs, PGE, is 10- 100 times more active than isoprena- 
line as a bronchodilator (325). In humans, 550 mcg. of 
PGEl aerosol produced an increase in forced expira- 
tory volume in asthmatics, while in normal individuals 
there was no response (326). Both PGEz and PGFZa are 
found in the human lung (327), and it is speculated that 
bronchospasm might be due to an overproduction of 
the bronchoconstrictor compound PGF2, (232). The 
principal side effect of PGEl aerosols is the transient 
cough response, which occurs immediately following 
administration (326) ofthe aerosol. 


Jackson and Stovall (328) showed that PGEl and 
PGEz were potent nasal vasoconstrictors in humans. 


The related prostaglandins, PGF1, and PGA,, were con- 
siderably less active than the PGE-type compounds in 
nasal patency studies. In humans, PGE, elicited approxi- 
mately the same degree of nasal patency as epinephrine, 
but the duration of action was considerably longer with 
PGE,. Nasal administration of 37-100-mcg. doses of 
PGEl to humans gave nasal vasoconstrictor activity 
over a 3-12-hr. period, although a poor response was 
observed in some patients (329,330). 


Cardiovascular System-PGA2 and PGE? occur in 
the renal medulla (331, 332), and both are potent blood 
pressure-lowering compounds (33 1, 333). The PGF 
compounds, on the other hand, produce a rise in blood 
pressure. Infusion of 0.1-2.1 mcg. PGAl/kg. body 
weight/min. in six humans produced an increase in 
glomerular filtration rate, urinary flow, and urinary 
sodium and potassium excretion (334) with no change 
in blood pressure; however, higher doses did produce a 
drop in blood pressure. Lee (335) stated that “PGA1 
functions as an ideal antihypertensive agent exerting 
its hypotensive effect by peripheral arteriolar dilation 
without a compromise in renal hemodynamics.” A 
regulatory antihypertensive endocrine effect of PGAl 
and PGAz has been proposed but remains to be proven 
(335). Other limited human clinical studies support the 
usefulness of PGAl in hypertension (336-338), and 
Carr (339) stated that: “If PGAz or a similar pros- 
taglandin can be formulated so it can be given by mouth, 
it would be an ideal antihypertensive agent.” 


Studies Related to Physiological Role of Prostaglandins 
-Various studies were conducted by many workers 
in an attempt to elucidate the function of the low levels 
of prostaglandins which occur in many tissues. Brief 
mention of these systems will be made here, since de- 
tailed discussions of the biological role of prostagland- 
ins are available (2,232,306, 340, 341). 


Current hypotheses propose a feedback control 
mechanism for the involvement of prostaglandin with 
cyclic AMP. Prostaglandins either increase or decrease 
cyclic AMP, depending on the particular tissue under 
study. Increased cyclic AMP levels are brought about 
by prostaglandin-induced activation of adenyl cyclase. 
The feedback control system indicates that the increased 
cyclic AMP levels activate the release or biosynthesis 
of prostaglandins which, in turn, exert a regulatory 
action on the adenyl cyclase system. It has been pro- 
posed that prostaglandin release following hormonal 
stimulation can induce ion flux (Ca+2 and Na+) that 
serves to modify cyclic AMP function (342). 


Many prostaglandins inhibit 4DP-induced platelet 
aggregation (343-345). Prostaglandin activation of 
adenyl cyclase is observed during aggregation, and it is 
proposed that this results in a transformation of the 
platelet into a sphere-like shape which is susceptible 
toward aggregation (341). 


Extracts of rabbit renal medulla (medulin) produce a 
potent depression of blood pressure in animals (346). 
The principal vasodepressor in medulin has been identi- 
fied as PGAz (347). Prostaglandins such as PGEl, PGE2, 
and PGAl demonstrate a natriuretic effect at doses 
that produce no effect on glomerular filtration rate or 
systemic blood pressure (348). Infusion of PGE1, PGEz, 
and PGA, into the renal artery of dogs produces a rise 
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in plasma flow, urine sodium excretion, urine volume, 
and free water clearance. The precise mechanism is not 
entirely understood, but it appears that PGE-type com- 
pounds are formed by hormonal-triggered release of 
phospholipase (8, 349). Stimulation of the adenyl cyclase 
system occurs and results in membrane permeability 
changes. 


In the toad bladder, PGE, inhibits the osmotic water 
flow response induced by vasopressin or theophylline 
but not by cyclic AMP. The inhibition of water flow is 
unusual since sodium transport is increased with PGE,. 
This response appears to be the result of increased 
production of cyclic AMP. Lipson et a]. (349) indicated 
that two distinct cyclases exist in the toad bladder, 
one responsible for sodium transport and the other re- 
sponsible for water flow. Evidently, the cyclic AMP 
must be compartmentalized. The sodium transport 
appears to be involved with the prostaglandin-medi- 
ated removal of calcium from membranes. The reader 
is referred to comprehensive reviews on prostaglandins 
for additional discussions on water transport, ion flux, 
and short-circuit current (8, 350). 


Since the initial discovery of PGFZa in bovine brain 
by Samuelsson (351) in 1964, many workers have shown 
the presence of PGF,,, PGFZ,, PGE,, and PGEz in 
various central nervous tissues (352-355). In addition, 
many tissues release prostaglandins in response to 
nerve stimulation (342, 355-358). Large amounts of 
prostaglandins are released from the dog and cat spleen 
(186, 359, 360), and it is believed that PGEz plays a 
significant role in  the sympathetic neuroeffector system 
of the spleen (361). Direct injection of PGE,, PGE2, and 
PGE3 into the cerebral ventricles of cats produced seda- 
tion, stupor, and signs of catatonia (362). 


PGFZ,, upon infusion into the vertebral artery of 
dogs, produced a marked increase in blood pressure, 
tachycardia, and increased cardiac output. PGF], was 
only about one-tenth as active on blood pressure, 
whereas PGEl was without effect. PGFz, may act as a 
chemical transmitter or modulator of transmission at  
cardioregulatory and vasomotor centers in the brain 
(363). 


The antagonism of norepinephrine by PGEl and 
PGE2, but not other prostaglandins, indicates that en- 
dogenous prostaglandins may function to  modulate cen- 
tral noradrenergic junctions involving adenyl cyclase 
(364). In sympathetically innervated tissues, PGEl and 
PGE, interfere with the function of the sympathetic 
neuroeffector system (365). It appears that prosta- 
glandins do not mediate synaptic transmission, although 
they do function as modulator substances involving 
cyclic AMP (366-369). 


The effects and proposed mechanisms of action of 
prostaglandins on lipid and carbohydrate metabolism 
were reviewed by Bergstrom et al. (5) and Weeks (25). 
With regard to lipid metabolism, PGE, is a potent 
antagonist of the free fatty acid mobilization (from adi- 
pose tissue) action of catecholamines in uitro (370). In 
the prostaglandin E series, the order of antilipolytic 
potency was PGE, > PGEz > PGE,. PGE, was more 
potent than the members of the F series, i.e., PGFia, 
PGF2,, and PGF,p. PGAl was virtually ineffective, 
having less than 10% of the antilipolytic activity of 


PGEl (37 1). The efflux of prostaglandins associated with 
the lipolytic effect of nervous and hormonal stimulants 
on rat epididymal fat pads suggests that prostaglandins 
may regulate fatty acid release by a negative feedback 
control mechanism (372). In man, however, free fatty 
acid plasma levels were increased by the intravenous 
administration of PGE1, while the increase in free fatty 
acid concentrations induced by norepinephrine was only 
slightly reduced (373, 374). Previously, it was shown 
that lipolysis in human adipose tissue was inhibited 
(375). Intravenous administration of PGE, to dogs re- 
sulted in an increase of free fatty acid levels followed 
by a decrease (376, 377). It was suggested that a dose- 
dependency effect was occurring. That is, at low infusion 
rates (0.2 mcg./kg./min.), PGE, enhanced lipid mobili- 
zation due to stimulation of the sympathetic nervous 
system, while high doses of PGE, (0.4-1.6 mcg./kg./ 
min.) overcame this effect and inhibited the mobiliza- 
tion of free fatty acids from adipose tissue (377). The 
catecholamines activate adenyl cyclase which promotes 
the formation of cyclic AMP from adenosine triphos- 
phate. Lipolytic effects of catecholamines are attributed 
to  the activation of a triglyceride lipase by cyclic AMP. 
Steinberg and Vaughan (378) concluded that PGEl 
exerts its antilipolytic effect by interfering with the 
formation of cyclic AMP rather than the subsequent 
steps that lead to lipase activation. 


Rat inflammatory exudates have been shown to con- 
tain PGE-type prostaglandins (379, 380), and intra- 
dermal administration of PGE, results in a persistent 
erythema and a well-defined weal (38 1-383). Early un- 
published work (384) suggested that PGE, might elicit 
the inflammatory response by release of histamine from 
mast cells. Mast cells resemble basophil leucocytes 
histochemically, and most of the skin histamine is 
located in these cells (385). PGEl causes disruption of 
these cells with release of histamine (386). Spndergaard 
and Greaves (382) showed that intradermally adminis- 
tered PGE, gave rise to the inflammatory response by 
liberation of histamine. Oral administration of chlor- 
pheniramine reduced the weal size but would not abolish 
the erythema, indicating that alternative inflammatory 
mechanisms were operative (387). Allergic contact 
eczema (388) and UV radiation (389) produced the 
release of prostaglandin-like fatty acids, but the precise 
involvement in the cutaneous inflammation was ob- 
scure. Increased local vascular permeability of guinea 
pig skin (390) and rat skin (391) occurred with local 
application of PGE1. In the human, intraarterial ad- 
ministration of PGE, gave rise to edema and vasodila- 
tion in the human forearm (373). 


Phospholipase A is capable of inducing production 
of prostaglandins (392), and it was suggested that the 
swelling from bee-sting results from the phospholipase 
A in bee venom (381). The PGE series in general are 
strong skin inflammatory agents, whereas the PGA 
series and the PGF series are much less active (38 1). 


Evidence indicates that irritants activate the comple- 
ment system to liberate prostaglandin-like lipids, and 
this is intimately involved in kinin formation (393). The 
anti-inflammatory response of aspirin and indomethacin 
is attributed to the inhibition of prostaglandin biosyn- 
thesis by these drugs (47-49,394). 
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Prostaglandins are implicated in wound healing (399, 
and the anti-inflammatory properties of some pros- 
taglandins are attributed to their involvement with 
cyclic AMP (396-398). In the eye, prostaglandins evoke 
a sustained rise in intraocular pressure (399, 400), much 
like that observed with irin, the substance containing 
PGE2 and PGF2, that is liberated into the aqueous 
humor in response to irritation (401, 402). The PGE 
series produces a strong miotic action with an elevated 
ocular pressure. The involvement of ocular catechol- 
amines and prostaglandins was reviewed by Waitzman 
(404), and evidence was presented that prostaglandins 
are implicated in diabetic retinopathy. The relationship 
of prostaglandins with the rabbit aorta contracting 
substance and the phospholipase release of polyun- 
saturated fatty acids was discussed by Hinman (8). 


PGEl was shown to prevent adjuvant arthritis after 
injection of Freunds’ complete adjuvant (403). PGAl 
failed to prevent the polyarthritic syndrome. A de- 
creased inflammatory response at  the site of injection of 
the adjuvant was noted for PGE1, along with a period of 
somnolence lasting up to 2 hr. 


Antagonism of prostaglandin activity by a wide 
variety of compounds was recently reported. Com- 
pounds with antagonistic properties toward prostagland- 
in activity could serve as valuable tools in defining the 
role of prostaglandins in physiological and pharmaco- 
logical processes and also might be of therapeutic value. 
In 1969, Fried et al. (1 10) synthesized a series of com- 
pounds which were structurally related to the natural 
prostaglandins and tested them for antagonistic activity 
against PGEl on the longitudinal muscle of guinea pig 
ileum, rabbit ileum, and gerbil colon. The analogs were of 
the 9,11-dideoxy-7-oxa-prostaglandin series and several 
showed the ability to inhibit PGEl and, in some cases, 
PGFla activity. One compound of this series, 7-oxa-13- 
prostynoic acid, was reported to be a selective antago- 
nist in these tissues, but Flack (405) considered this to 
be true only in the gerbil colon. Fried et al. (1 10) also 
reported that analogs must possess a CIj  hydroxyl for 
agonist activity, but Bennett and Posner (406) found 
that 7-oxa- 13-prostynoic acid stimulated rat fundus and 
circular muscle from human stomach. Sanner (407) 
showed that l-acetyl-2-(8-chloro-10, I l-dihydrobenz- 
[b,f][ 1,410xazepine- 10-carbony1)hydrazine (SC 19220) 
produced a specific surmountable inhibition of the con- 
tractions produced by PGE2 on isolated guinea pig 
ileum. Further studies showed the same effect against 
PGF2a and led to the suggestion that PGEz and PGFz, 
act at a common receptor site in the longitudinal muscle 
of the guinea pig ileum (406). Eakins and coworkers 
(408-410) reported that polyphloretin phosphate 
antagonized the actions of both E and F prostaglandins 
on the isolated gerbil colon, rabbit jejunum, and rabbit 
uterus. Results indicated that polyphloretin phosphate 
was a specific, reversible antagonist of PGEl and PGF2, 
on the isolated gerbil colon and that this activity pos- 
sessed many characteristics of competitive antagonism. 
Compounds structurally and functionally related to  
polyphloretin phosphate, including phloretin and 
phloridizin, showed little or no blocking activity. 


Karim and Sharma (41 1) reported that administra- 
tion of ethyl alcohol inhibited uterine activity in second 


or third trimester pregnancy that had been initiated and 
maintained by PGEz or PGF9,. Similar stimulation 
produced by oxytocin in third trimester cases was not 
antagonized by ethanol. Another compound that ap- 
parently antagonizes the effect of prostaglandins on 
the term pregnant human is orciprenaline, which at  a 
dose of 1Ck20 mcg./min. reduced uterine activity to less 
than 30 Alexandria units after activity of 150 Alex- 
andria units had been established by intravenous in- 
fusion of PGE2 (412). 


The antipyretic compound, 4-acetamidophenol, was 
shown to be antagonistic toward the ability of certain 
prostaglandins to induce fever (413). Fever produced 
by injection of PGE1, PGE2, PGFZcl, or PGAl into a 
cerebral ventricle of the conscious cat can be blocked 
by intraperitoneal injection of 4-acetamidophenol for 
all of the compounds except PGEf1. 


Antagonism of prostaglandin activity on human iso- 
lated bronchial muscle by a number of anti-inflam- 
matory agents was examined by Collier and Sweatman 
(414). Meclofenamate, flufenamate, phenylbutazone, 
and aspirin all antagonized the contraction of human 
isolated bronchial muscle induced by PGF2,. Fena- 
mates in the same doses did not suppress the relaxation 
of bronchial muscle induced by PGEl or PGE2. 


ADDENDUM 


After completion of this manuscript, several note- 
worthy publications appeared in the literature. Pre- 
viously, it was mentioned that I 5(R)-PGA2 was found 
in the coral Plexaura homomalla (36). Schneider et al. 
(415) recently found that some l‘orms of P. homomalla 
contain 15(S)-PGA2 with the same configuration at  Cl j  
as in all known natural mammalian prostaglandins. In 
these coral samples, 1.4% of 15(S)-PGA2 was found on 
a wet weight basis along with 0.4% 15(S)-PGA2 methyl 
ester. Bundy et al. (416) converted the coral 15(S)-PGAz 
to PGE2 and PGF2a using the epoxidation route. These 
findings indicate that coral may be an alternativeand in- 
expensive approach to providing prostaglandins for 
clinical use as well as for intermediate or chemical modi- 
fication. 


Bundy et a]. (4 17) further reported that 5-trans-PGA2 
was found as a contaminant of the coral-derived PGA2 
in amounts ranging from 5 to 15 7;. 


In addition to these articles, two books were published 
which discuss many aspects of prostaglandin research 
(418,419). 
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GLC Determination of 
Pentylenetetrazol in Biological Fluids 


J. T. STEWART. and J. L. STORY* 


Abstract n A rapid and sensitive GLC method for the determina- 
tion of pentylenetetrazol was developed. The lower limit of detec- 
tion is I ng./pl. of pentylenetetrazol. The technique involves ex- 
traction of drug from water. plasma, urine, and/or whole blood 
into organic solvent, evaporation of the solvent phase to dryness, 
and redissolving in water. The aqueous extract is injected onto a 
5 " ;  polyethylene glycol 20,000 column for quantification. The utility 
of the procedure is demonstrated by its application to the deter- 
mination of pentylenetetrazol in mixtures containing various 
pharmaceuticals as well as to the analysis of blood and urine levels 
of pentylenetetrazol in drug-treated rabbits. 


Keyphrases 0 Pentyletietetrazol-GLC determination from var- 
ious samples 0 GLC-determination of pentylenetetrazol in var- 
ious samples 


Analytical methodology related to  the analysis of 
drugs i n  biological fluids is of great importance today. 
It is esseritial that the analytical procedures be simple, 
sensitive, specific, and reproducible. Pentylenetetrazol 
( I )  is widely used in man and animals for anticonvulsant 
screening. After many years of extensive use, unsatis- 
factory methods for the determination of submicrogram 
concentrations of pentylenetetrazol are still being uti- 
lized (ILl0). 


The most sensitive methods for pentylenetetrazol 
analysis have been GC procedures. Kawamoto (8) 
used a phenylmethylsilicone2 column with a thermal 
conductivity detector. Kolb and Patt (9) separated 
pentylenetetrazol from a mixture of drugs on a 2.5% 
phenyl~iiethylsilicone~, 1 % polyamide resin4 column. 
Cardini rt 01. (10) employed a 3% polyamide resin4 
column. None of these procedures is sensitive to  
pentylenetetrazol in nanogram quantities. Recently, 
Marcucci et al. (1 1) reported a GC method for deter- 
mining brain levels of pentylenetetrazol which would 
detect as low as 50 ng. 


GC was selected as the analytical method of choice 
for pentylenetetrazol in this laboratory since the desired 
sensitivity has been attained with other pharmaceuticals. 
Numerous qualitative methods for pentylenetetrazol 
havc been developed using paper, thin-layer, and gas 
chromatography, but attempts to develop sensitive 
quantitative chromatographic methods have been 
largely unsatisfactory (3-5,8-1 I). 


I 


I M,inuf,icturcd as Metrazol by Knoll Pharmaceutical Co., Orange, 
N .  J .  


. OC-550. 
S E - 5 1 .  


4 Vcrsamide 900. 


In this paper, a rapid and sensitive GLC method is 
presented for the determination of pentylenetetrazol in 
nanogram quantities from water, plasma, urine, and/or 
whole blood samples. The analysis of pentylenetetrazol 
in the presence of other pharmaceuticals is presented, 
along with the application of the method in the deter- 
mination of pentylenetetrazol in blood and urine sam- 
ples from drug-treated rabbits. 


EXPERIMENTAL 


Apparatus-A gas chromatograph5 equipped with a differential 
flame-ionization detector and a recorders was employed. Alu- 
minum columns (3 mrn. X 1.83 m.) packed with 5% polyethylene 
glycol 20,0007 on 8ClOO-mesh diatomaceous earths were utilized 
throughout the study. Helium was used as the carrier gas at  a flow 
rate of 65 ml./min. Injection, column, and detector temperatures 
were 300, 200, and 265", respectively. Injections were made into the 
gas chromatograph with a 10-pl. syringeg. 


Reagents and Chemicals-Standard solutions of pentylenetetra- 
z01'~ (200 mcg./ml.) were prepared by dissolving weighed quantities 
of the powder in distilled water. A M solution of procaine 
hydrochloridex1 in water was employed as the internal standard., 
All other chemicals used were the highest grades of the commer- 
cially available materials. 


Procedures for Determining Pentylenetrazol-Method A .  Water, 
Plasma, und Uriw Analysis-To a mixture of 0.5 ml. of sample 
containing microgram quantities of pentylenetetrazol and 0.5 ml. 
of phosphate buffer, pH 9.0 (12), in a 10-ml. test tube is added an 
excess quantity of sodium chloride. The sample is extracted three 
times with 5-ml. portions of water-saturated ether. During each 
extraction, samples are mixed for 1 min. on a mixerJ2 and centri- 
fuged for 5 min. to separate the layers. The combined ether layers 
are transferred to another test tube and evaporated to dryness in 
a 40" water bath. The dried residue in the test tube is redissolved 
in 0.5 ml. of distilled water containing 0.2 pl. of the procaine hy- 
drochloride solution and rotated vigorously on the mixer in order to 
extract all of the drug into the water. When nanogram per milliliter 
levels of pentylenetetrazol are to be detected, it is necessary to re- 
dissolve the dried residue in 10-204. quantities of distilled water, 
taking special precautions that all drug is dissolved. The amount of 
internal standard is reduced accordingly. One of three microliter 
samples is then injected into the gas chromatograph for analysis. 
Pentylenetetrazol concentrations are determined by the relative 
peak height method ( I  3). 


Method B. Wlzole Blood Amlysis--Method A is followed ex- 
cept that the original sample in a 10-ml. test tube is extracted once 
with a 5-ml. portion of benzene. Benzene is used i n  this extraction to  
avoid the emulsion formation one encounters with ether extrac- 
tions of whole blood. Then 4 ml. of the benzene extract is trans- 
ferred to another 10-ml. test tube, followed by evaporation of the 
benzene and redissolving the dried residue in water for injection 
into the gas chromatograph. 
In Vivo Study-Subconvulsive doses of 1 mg./kg. body weight of 


pentylenetetrazol in saline are administered intravenously in the 


j Model 881, Perkin-Elmer Corp. 
6 Speedomax G, Leeds and Northrup. 
7 Carbowax 20M. Analabs, Inc., Hamden, Conn. 
8 Chromosorb W, Johns-Manville, New York, N. Y. 
9 Hamilton, Co., Whittier, Calif. 


10 Knoll Pharmaccutical Co., Orange, N. J.  
11 Fisher Scientific Co. 
'2 Super Mixer, Lab-Line Instruments, Melrose Park, Ill. 
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A 


Table I-Determination of Pentylenetetrazol-Drug Mixtures 
for PentylenetetrazoP 


B 


Percent 
Recovery of 


Pentylene- 
Mixture Components, Concentration of 10-2 M tetrazolb 


0 1 2  3 4 5 6 7 8 9 10 
RETENTION TIME, rnin. 


Figure 1-Representatice gas cliromntogram for pentyleiietetrazol 
on 5 polyethylette glycol 20,000. Key:  A, perttyletietrtrc~zol: and 
B, procaine lrydrocliloride. 


marginal ear vein of six unanesthetized rabbitsI3. Polyethylene 
catheters (1.1 mm. i d . )  are inserted into their bladders to  collect 
urine specimens. The rabbits are placed in rabbit boxes, and blood 
is withdrawn by ear puncture at  15-, 30-, 60-, 90-, 150-, 270-, and 
390-min. intervals after injection. The whole blood samples are 
heparinized and chilled in test tubes at  0.5" before being analyzed 
using Method 9. 


RESULTS AND DISCUSSION 


The objective of this study was t o  develop a sensitive and rapid 
method for the analysis of pentylenetetrazol in biological materials. 


10.0 


- 
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2 
0 
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0 
z 
0 
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1 .o 


. .  
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RATIO OF PEAK HEIGHTS 


Figure 2-Typic-a1 calibmtiort time , f i r  pen/yIc~iic~tetrrrzol. 


l 3  New Zealand white male rabbits (2 kg.), furnished by Cherokee 
Labs. Atlanta. Ga. 


~~ 


1 Phenobarbitalc 97 .0  
Methamp hetamined 
Pentylenetetrazol 


Chlorpromazine hydrochloride0 
Pentylenetetrazol 


Diazepam f 
Pentylenetetrazol 


Aspirin* 
Pent ylenetetrazol 


Pentylenetetrazol 


2 Sulfathiazolec 98 .0  


3 Caffeined 100.0 


4 Ephedrine sulfate# 98.0 


5 Niacind 99 .0  


a Pentylenetetrazol detected by Method A (see Experimentd section). 
b Recoveries based on pentylenetetrazol added to drug mixtures before 
extraction. c American Pharmaceutical Co., New York, N. Y. d Eastman 
Kodak Chemicals, Rochester, N. Y. e Smith Kline and French Labora- 
tories, Philadelphia, Pa. f Hoffmann-La Roche, Nutley, N. J. s Ruger 
Chemical Co., Irvington-on-Hudson, N. Y.  h Merck and Co.. Rahway, 
N. I. 


A major problem in devising a suitable analytical procedure for the 
drug is its unusual chemical properties. Pentylenetetrazol is freely 
soluble in both polar and nonpolar solvents. I t  has a high dipole 
moment of 6.14 debyes and exhibits tautomerism with aromatic 
characteristics. It is unreactive partly due t o  lack of hydrogens on 
any of the ring nitrogens and full saturation in the other ring. These 
limit the versatility in measuring low concentrations of pentylene- 
tetrazol by commonly employed methods. The compound possesses 
no natural fluorescence, color, chromophore, or outstanding func- 
tional grouping which would allow the use of fluorometric, colori- 
metric, UV spectrophotometric, or functional group analysis 
methods for its estimation. 


Severe tailing and peak asymmetry are encountered with micro- 
amounts of pentylenetetrazol in most GC systems. A variety of 
nonpolar to  polar liquid stationary phases were used in an attempt 
to find the optimal conditions for pentylenetetrazol that would give 
sharp. symmetrical, and reproducible peaks at submicrogram con- 
centrations. Ethylvinylbenzene-divinylbenzene and 5x 
polyethylene glycol 20,0007 are the most sensitive phases found. 
The use of ethylvinylbenzene-divinylbenzene polymer gives better 
sensitivity than polyethylene glycol 20,000, but it does not afford 
as good a separation when other drugs are present in samples with 
pentylenetetrazol. Therefore, polyethylene glycol 20,000 was 
chosen as the stationary phase of choice since it proved to be a bet- 
ter system for use with biological specimens, which may contain 
other drugs or chromatographable components. 


A representative gas chromatogram for pentylenetetrazol on 52 
polyethylene glycol 20,000 is shown in Fig. 1. A typical calibration 
curve for the drug using ratios of peak heights of pentylenetetrazol 
to  internal standard uersiis concentration of pentylenetetrazol is 
seen in Fig. 2. 


The results of a study to  establish optimal conditions for ex- 
tracting pentylenetetrazol from water, plasma, and/or urine indi- 
cate that extraction with ether at pH 9.0 gives the highest percent 
recoveries (98.4 + 0.13, 84.3 + 0.59, and 98.2 + 0.49Z, respec- 
tively). Benzene is substituted for ether when whole blood is used 
because of emulsion formation with ether. The percent recovery of 
pentylenetetrazol from whole blood with benzene is 84.5 -k 0.61 %. 
Additional benLene extractions do not significantly change these 
data. Addition of sodium chloride t o  the aqueous samples is neces- 
sary to extract pentylenetetrazol as quantitatively as possible. A 
preliminary iit ritro binding experiment performed in this laboratory 
showed that 8.9-9.0u< of pentylenetetrazol is bound to  plasma pro- 
teins in rabbits (14). This probably accounts for some of the loss of 


Porapak Q. Waters Associates, Framingham, Mass. 
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Figure SDisappearance of pentylenetetrazol from blood levels of 
drug-treated rabbits. 


pentylenetetrazol connected with lower-. percent recoveries from 
plasma and whole blood. 


It is also shown that other drugs, which might be present in 
biological samples with pentylenetetrazol, do not significantly inter- 
fere with the analysis of pentylenetetrazol using the methods de- 
scribed here (Table I). 


An in tiiuo study was performed to demonstrate the further ap- 
plication of the piocedures. Pentylenetetrazol is injected into rab- 
bits, and blood and urine samples are collected and analyzed. After 
6.5 hr., measurable blood levels (25 ng./ml.) are detected by the 
whole blood extraction method (Method B) as shown in Fig. 3. 
Excretion of urine by the rabbits was restricted due to  renal shut- 
down, but analysis of urine taken after a 3-hr. period shows levels of 
55  ng./ml. of pentylenetetrazol (Method A). 


No attempt was made to extract and identify metabolites of pen- 
tylenetetrazol; but one consistent unidentifiable peak, having a re- 
tention time of 1.8 min. compared to 2.3 min. for pentylenetetrazol, 
appears on the chromatogram from the rabbit urine extracts. The 
unidentified peak is sharp and symmetrical and closely approxi- 
mates the area of the pentylenetetrazol peak. In 1971, Rowles 
et a/. (7) demonstrated by the administration to humans of 14C- 
labeled pentylenetetrazol that the drug is metabolized and ex- 
creted in the urine as unchanged pentylenetetrazol and at least three 
metabolites. Later in 1971, KO and Hosein (15) proposed a pos- 
sible structure for a metabolite of pentylenetetrazol found in human 
urine. It is said to be the 6-substituted sulfate ester of pentylene- 
tetrazol. 
In summary, a rapid and sensitive method involving extraction of 


pentylenetetrazol from water, plasma, urine, and whole blood and 
quantification of the extracts by GC was developed. The procedure 
detects as little as 1 ng./pl. of pentylenetetrazol and can be com- 
pleted in less than 30 min., with good reproducibility as shown by 
a relative standard deviation of =k 1.1 %. The method is relatively 
free from interferences by other drugs, and the procedure is appli- 
cable to nanogram concentrations of pentylenetetrazol in biological 
fluids. 
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Hydrolysis of Certain 
5-Aminodibenzor a, dlcycloheptanes 


H. V. MAULDING', D. BRUSCO, J. POLESUK, J. NAZARENO, and A. F. MICHAELIS 


Abstract Factors involved in the relative reaction rates of hy- 
drolysis of certain 5-aminodibenzo[a,d]cycloheptanes were investi- 
gated. Several compounds were prepared for examination of their 
breakdown in acidic media at various temperatures. Synthesis was 
carried out through condensation of 5-chlorodibenzo[a,~cyclo- 
heptane with the appropriate amine in benzene. Kinetics were 
followed by the acid-dye method employing methyl orange as the 
anionic species of the ion-pair. Generally, the colored complexes 
were readily extractable into chloroform at pH 3.44. Considerable 
variation in the hydrolytic velocities of the several amines was noted, 
and the results are given along with Arrhenius parameters and other 
pertinent data for selected compounds. The degradation is charac- 
terized by cleavage of a carbon-nitrogen (amino) bond at the 5-posi- 
tion of the fused ring system leading to the secondary amine and 
5-hydroxydibenzo[a,~cycloheptane as well as other nonnitrogenous 
products. The transformation exemplifies breakage of a carbon- 
nitrogen linkage in dilute acidic solution under rather mild condi- 
tions dependent upon substituents on the amino group. The process 
possibly proceeds uia a carbonium-ion intermediate or its equiva- 
lent. 


Keyphrases IJ 5-Amino-lO,ll-dihydro-5H-dibenzo[a,~cyclohep- 
tane derivatives-synthesis, hydrolysis rates, acid-dye monitoring 
Hydrolysis of 5-aminodibenzo[a,~cycloheptanes-dilute aqueous 
acid 0 Acid-dye technique-monitoring of hydrolysis rates of 5- 
aminodibenzo[a,dlcycloheptanes Methyl orange ion-pair forma- 
tion-monitoring of hydrolysis rates of 5-aminodibenzo[a,~cyclo- 
heptanes 


It was previously observed in these laboratories that 
certain medicinally active agents possessed structural 
requisites for rupture of the amino carbon-nitrogen 
linkage present in dilute aqueous acid at ambient tem- 
perature. This work is concerned with several 5-amino- 
10,11-dihydro-5H-dibenzo[a,~cycloheptane derivatives, 
11, regarding their preparation (1) from the chloro inter- 
mediate, I, and their hydrolysis (Scheme I). Dialkyl 
and cycloalkyl amines and piperazines were studied, 
with pertinent results being reported in the text. 


The transformation (I1 - products) illustrates an 
unusual cleavage of a C-N bond which occurs in 
dilute aqueous acid. The neutral molecules (111, IVY 
and V) represent the principal substances produced. 
The reaction may proceed through a resonance-sta- 
bilized carbonium ion or a kinetically equivalent 
mechanism. 


EXPERIMENTAL 


Preparation of Compounds-The compounds prepared are listed 
in Tables I and 11. The general preparative procedures are illustrated 
with specific examples (7). 


5- Diethylarninodibentocycloheptane Hydrochloride (Tabte I ,  Com- 
pound I>-A mixture of 5-chloro-l0,1 l-dihydro-5H-dibenzo[a,d- 
cycloheptanel (11.44 g., 0.05 mole) and diethylamine (3.66 g., 0.05 
mole) was refluxed in 100 ml. benzene overnight. The reaction mix- 
ture was stripped of solvent in vacuo. The resultant solid was dis- 


~~ ~~ 


1 Aldrich Chemical Co., Milwaukee, Wis. 


I 


amine 


or toluene 
H X  


n II: X = N(RX, NdCHJn, 
morpholino, substituted 
piperazine 


Scheme I 


solved in 50 ml. methanol and treated with ether to the point of 
opalescence. The precipitate was collected and recrystallized twice 
from methanol-ether, yielding 3.1 g. (2073, m.p. 159-160'. 


5-(4-BenzylpiperazinyI)dibenzocycloheptane (Table I, Compound 
+-A mixture of 5-chloro-l0,11-dihydro-5H-dibenzo[a,~cyclo- 
heptane' (11.44 g., 0.05 mole) and benzylpiperazinel (8.8 g., 
0.05 mole) was refluxed in 100 ml. benzene overnight. The solvent 
was removed under reduced pressure; the resultant solid was treated 
with 50 ml. 0.1 N NaOH followed by three 50-ml. portions of dis- 
tilled water and then collected on a Biichner funnel. This material 
was crystallized three times from acetone-methanol, yielding 6.1 g. 
(32%), m.p. 116-119". 


TLC of 5-Aminodibenzocycloheptanes (Table I)-The compounds 
in Table I were subjected to TLC using a system of chloroform- 
petroleum ether-ethylamine (60 :40 : 2) on silica gel GF* plates. An 
ethanolic solution (10 pl., 10 mg./ml.) was spotted and the following 
RI values were obtained (Table I: Compound Number and R,?: 1, 
0.85; 2,0.55; 3,0.50; 4,0.45; 5,0.80; and 6, 0.05. They were visua- 
lized by means of Dragendorffs reagent or bromcresol purple (15 
mg./100 ml. ethanol). 


Solution Preparation and Solvents-Citrate Buffer, pH 3.44- 
Citrate buffer was prepared from 9.7 g. anhydrous citric acid in 9M) 
ml. water. Thirty percent sodium hydroxide (10.5 ml.) was added, 
and the pH was adjusted to 3.44 with concentrated hydrochloric 
acid. The solution was made up to 1 1. with distilled water. 


Methyl Orange Solution-Methyl orangea, 250 mg., was placed 
in a 1-1. volumetric flask along with 3.3 ml. 0.1 NNaOH and 800 ml. 


2 Analtech Inc., Newark, Del. 
5 Eastman No. 432. 
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Table I-Physical Constants of 5-Aminodibenzocycloheptanes X"H 


17 


15 


22 


18 


Molecular --Analysis, %a- Com- 
pound X Melting Point" Yield, %b Formula Calc. Found 


1 -N(CHKHa)a 159-160" 20 CiSH1aN. HClc C 75.6 75.7 
dec. H 8.0 8.0 


N 4.6 4.5 
C1 11.7 11.7 


77.7 C 77.2 
dec. H 9.0 9.3 


N 3.9 4.1 
c 1  9.9 9.7 


224-228 O C 76.1 76.3 


N 4 . 7  4 .3  
CI 11.8 12.1 


21 3-2 15 O C 76.5 76.5 
H 7.7 7 .9  
N 4.5 4.6 
C1 11.3 11.1 


195-200 ' C 72.2 71.7 
H 7.0 7 .0  
N 4.4 4 .7  


A CI 11.2 11.5 
-N N--CH, 110-112°d c -  - 


H -  - 
N -  - 


-N N-CH~CBHS 1 16-1 19 O' 32 CzsHzsNd C 84.7 84.4 
H 7.7 7.9 


-NH(CHKHaCH2CH& 165-1 70' 


-a H 7.4 7.5 


- N 3  


n 
-N 0 u 


U 


- n c1 - 
u 7 


7 .6  N 7.6 
c1 - - 


a Uncorrected melting points taken on a Thomas-Hoover capillary melting-point apparatus. b Yield calculated following total recrystallizations 
carried out for microanalytical sample. ' Recrystallized from methanol-ethyl ether. d Free base. ' Recrystallized from petroleum ether, obtained from 
Dr. W. Houlihan, Sandoz Pharmaceuticals (2). J Recrystallized from acetone-methanol. Microanalytical results from Microanalytical Laboratory, 
Sandoz Pharmaceuticals, E. Hanover, NJ 07936 


water. The contents were shaken to  dissolve, and the pH of the 
solution was adjusted to 7.0 with 0.1 N HCl (dropwise) followed by 
dilution to volume with water. 


All other solvents and solutions were of chemical reagent quality 
and were used without further treatment. 


Kinetic Procedures-A solution containing 25 mg. of each com- 
pound (Table I) was placed in 100 ml. 0.1 N HCl in volumetric 
flasks previously equilibrated at the specified temperatures, giving 
about low3 M solutions. Four-milliliter aliquots of the acidic solu- 
tion were periodically withdrawn and neutralized with 0.1 N 
NaOH (4 ml.) followed by 4 ml. pH 3.44 citrate buffer and 25 ml. 
methyl orange solution. The aqueous layer was extracted three 
times with 30-ml. portions of chloroform in a separatory funnel, 
and the chloroform solutions were collected and made up to  100 ml. 
in a volumetric flask. The absorption spectra of the yellow-colored 
complexes were recorded on a spectrophotomer' over the range of 
350-500 nm. 


Other kinetic procedures were carried out by the same analytical 
method after adjusting the pH of the aliquot drawn from the reac- 
tion flask to 3.44 prior to addition of methyl orange indicator. 


The reaction products, except dibutylamine, gave no color at- 
tributable to ion-pair formation with methyl orange when extracted 
using 10-3 M concentrations. Additionally, the intensity of the 
colorimetric analysis was not altered when the by-products were 
mixed at 10-3 M with intact molecules. 


Synthesis and Properties of Reaction Products-5-Hydroxydi- 
benzo[a,d]cycloheptane (Ilr)--One gram of N-( lO,ll-dihydr0-5H- 
dibenzo[a,d]cyclohepten-5-yl)-N'-methylpiperazine (Table I, Com- 
pound 6) was dissolved in 20 ml. ethanol with addition of 0.1 N HCl 
to 150 ml. After 3 hr. of stirring at room temperature, the white 
solid was collected on a filter and dried. A solution of 250 mg. of the 
powder in 0.5 ml. chloroform was streaked on a preparatory silica 
gel GF plate (thickness lo00 p)  and run in petroleum ether-chloro- 
form (40:60). The spot corresponding to the alcohol was scraped 
and eluted with chloroform followed by filtration and evaporation, 
yielding 22 mg. of a white powder, m.p. 90-92", corresponding to  


the authentic alcohol6, m.p. 91-92". 
Bis(lO,ZZ-dihydro-5H-dibenz~a,d]cycIohepten-5-yl Ether (W)- 


One hundred milligrams of 5-diethylaminodibenzo[a,d]cycloheptane 
(Table I, Compound 1) was heated in 50 ml. 0.1 N HCl for 6.5 hr. at 
80". The flask was allowed to  remain overnight; it was then filtered 
and the white solid was collected and dried. The white material was 
carefully washed with cold petroleum ether to remove contaminat- 
ing ketone and alcohol, yielding 36 mg. ( 5 5 7 3  of the bis-ether, m.p. 
122-126" @it. (2) m.p. 128'1. Mass spectroscopy showed a molec- 
ular ion at 402, giving two fragments at MC= 209 and193. 


Ad.-Calc. for CaoHzsO: C, 89.5; H,  6.5. Found: C, 89.4; H, 
6.8. 


Dibenzosuberone (Y)-One hundred milligrams of 5 4  l-piperi- 
dino)dibenzo[a,d]cycloheptane (Table I, Compound 4) was heated 
36 hr. in 50 ml. 0.1 N HCl at 80". The resultant white solid was left 
overnight, filtered, and dried, yielding 12 mg. solid. The solid, when 
dissolved in methanol followed by TLC on silica gel GF plates in 
chloroform-diethylamine (100: l), exhibited four spots with one at 
RI 0.7, the same as that for authentic dibenzosuberone6. Other de- 
velopment solutions [(a) chloroform and (tt) chloroform-petroleum 
ether (60:40)] produced similar I?, values for both the ketone and 
the unknown. 


The white solid (0.5 mg.) in 0.5 ml. meihyl alcohol was spotted 
followed by development in chloroform-diethylamine (100: 1). 
The spot corresponding to the ketone was eluted in methyl alcohol 
(50 ml.) and gave a UV spectrum between 350 and 220 nm. super- 
imposable with one for 0.002 mg./ml. dibenzosuberone with Am*. 
270 nm. 
TLC of Degradation Products-Compounds 111, IV, and V (al- 


cohol, ether, and ketone) were chromatographed on silica gel GF 
plates, spotting 20 pl. of solution containing 5 mg./ml. The RJ values 
found on development in chloroform-diethylamine (100: 1) were: 
111, 0.25; IV, 0.75; and V, 0.98. 


The amines (Table I) were dissolved in 0.1 JV HC1 (100 mg./20 
ml.). The heterogeneous solution was spotted directly (20 pl.) or 


4 Cary 14. 
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Table II-Substituent Effect on Rate of Degradation of 
5-Aminodibenzo[a,~cycloheptanes (-8 x lo-' M) 
i n  0.1 N HCl at 80" a X H  


~~ ~ 


Molar 
Mo~K- Ab- 


pound X Weight hr.-1 €a 
Com- ular k ,  sorptivity, 


1 -N(CHICHJ)~.HCI 301.9 0.57 8.33 X lo3 
2 -N(CH,CHZCHICH&.HCI 358.0 4 6.44 x 103 


3 - N 3  .HCI 299.9 0.0031 10.6 X lOJ 


313.9 0.0083 6.39 X 10* 


315.9 Nild 


n 6 -N N--CH, 292.4 Fast' 15 .2  X lo3 
U 


368.5 Fast" -d 


Absorptivity measured employing 4 ml. sample (0.25 mg./ml.). 4 
ml. 0.1 N NaOH, 4 ml. pH 3.44 buffer, and 25 ml. methyl orange solu- 
tion (see Experimental) followed by extraction of the resultant complex 
into 100 ml. chloroform. b No applicable assay method. Degradation 
rapid but difficult to measure. d No satisfactory formation of colored 
complex observed, Reacts rapidly at  23", 0.1 N HCI. 


dissolved in a little methanol prior to  spotting. This was done be- 
tween 6 and 96 hr. periodically. The silica gel GF plates were de- 
veloped using chloroform-diethylamine (100: 1). 


pKa Evaluation-The pKa of monobasic compounds (Table I, 
Compounds 1-5) were approximated using partial titration of 
0.005 mole with 0.5-ml. increments of 0.1 N KOH. The amines 
were dissolved in 50% ethanol-water to solubilize the free base. 
Estimates of the pKa values were in the range 7.2-7.6 under these 
conditions following the method of Albert and Sergeant (3). 


RESULTS AND DISCUSSION 


Determination of Rate Constants-The kinetic parameters de- 
lineating decomposition of several 5-aminodibenzo[a,~cyclohep- 
tanes, 11, were examined by following the loss of absorbance by the 
acid-dye method (4). UV methods could not be employed because 
of the lack of usable spectra. The acid-dye or ion-pair technique 
proved invaluable due to its specificity for the reaction under in- 
vestigation. Splitting of the C-N linkage at the 5-position of the 


Table I I I4bserved  First-Order Rate Constants (k, hr.-') for 
Disappearance of 5-Diethylaminodibenzo[a,~cycloheptane in 
Aqueous Solutionasb 


Buffer pHc 50" 60" 70" 80" 


Hydrochloric acid 
1.0  N 0.1 0.022 0.071 0.20 0.58 


1 . 1  0.020 0.068 0.21 0.54 
- - 0.57 


0 .1  N 
0.025 N 


Phosohated 3.0  0.021 0.070 - 0.51 


1.7 - 
Phosphated 2 . 0  - - 0.22 0.55 


Acetate" 
Acetate" 


4.0 - - - 0.59 
5 . 0  0.018 C.060 0.19 , 0.54 


Followed by acid-dye method, initial conc$ration,8.33 X 10-4 M. 
b Each kinetic run reported was repeated in triplicate with results found 
reproducible (klOX). pH values measured on Metrohm p H  meter. 
pH of hydrochloric acid solutions determined .from activity coef- 
ficients employing Reference 8. The slight variation with temperature 
for the solutions is not considered. dSolutions made from 0.05 M 
NaHZPOd .HzO with H3P04 added to give proper pH. Acetate made to 
ionic strength 0.1. 


0.6 


0.5 


0.4 


W 
0 
Z 
4 m 
cc 2 0.3 
m 
4 


0.2 


0.1 


0.0 


0 


I /  1. hr. \ \ 


380 420 460 500 
WAVELENGTH, nm. 


Figure I-Curce for absorbance diminution of 5-diethylaminodi- 
benzo[a,d]cycloReptane (Table I ,  Compound I )  in initial concentra- 
tion of 8.33 x 10-4 molell. at 80" using 0.1 N HCI. Times are given on 
the figure, with the absorbance peak of 420 nm. Four-milliliier 
aliquots were withdrawn, neutraked with 4 ml. 0.1 N NaOH, and 
buffered with 4 ml. pH 3.44 buffer followed by addition o j 2 5  ml. 
methyl orange solution (see Experimental). The colored complex was 
extracted into I00 mi. CHCI3 and monitored on a recording spectro- 
photometer (Cary 14). 


tricyclic nucleus, 11, leads to products which give no appreciable 
color formation with methyl orange. 


Hydrolysis was monitored utilizing methyl orapge ion-pair forma- 
tion with amines at pH 3.44 (5). The yellow complex was extracted 
into chloroform with Amx. in the region of 420 nm. for the com- 
pounds in Tables I and 11. The morpholino and benzylpiperazino 
substituents (Table 11, Compounds 5 and 7) did not give proper 
Larnbert-Beer relationships and were not determined utilizing ion- 
pair extraction. The reasons for this sort of behavior have been sug- 
gested as unfavorable partition ratios of the complexes, extraction 
of complexes having molar ratios other than 1 : I ,  or extraction of 
the amines as free bases (6). 


A small amount of residual absorbance, A,, was noted, usually 
less than one-tenth of the initial absorbance. The relationship is: 


log(A - A,) = log(A0 - A,) - kt12.303 (Eq. 1) 


where Ao, A, and A, are absorbances of the ion-pair complex in 
chloroform at times = zero, t ,  and infinity, respectively, and k is 
the apparent or observed first-order rate constant. Figure 1 il- 
lustrates a typical curve for absorbance loss as a function of time 
for 5-diethylaminodibenzo[a,~cycloheptane (Table 11, Compound 
1). The diethylamino analog reacts far faster than any of the other 
monobasic amines studied. An anomally in this series is the di- 
butylamino derivative (Table 11, Compound 2), which appeared 
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stable colorimetrically after 300 hr. at 80" using 0.1 N HCI. This is a 
consequence of ion-pair formation between dibutylamine and methyl 
orange invalidating the assay. The substituted piperazines (Tables 
I and 11, Compounds 6 and 7) possess the greatest instability in 
acidic solution, with velocities too great to measure easily in 0.1 N 
HCl at 23 '. The second nitrogen appears to facilitate rupture of the 
C-N bond. The morpholino substituent at the 5-position seems to 
bring about good reactivity, although it could only be estimated by 
TLC separation of products due to the unavailability of analytical 
methodology. 


Products of Solvolysis of 5-Aminodibenzocycloheptam (Tables I 
and -The carbon-nitrogen linkage between C-5 of the dibenzo- 
cycloheptane moiety and the amine nitrogen, 11, is split in aqueous 
solution (pH 0.1-5.0). The principal compounds produced from the 
diethylamino, dibutylamino, piperidino, pyrrolidino, and mor- 
pholino analogs (Table I, Compounds 1-5) are the ether, alcohol, 
and ketone (Scheme I, Compounds 111, IV, and V). 


These substances (111, IV ,  and V) were isolated from the various 
aminodibenzocycloheptanes in 0.1 N HCl at 80". As a consequence 
of their relative insolubility in the reaction medium, they precipitated 
and could be separated by filtration or preparative TLC (see Ex- 
perimental). The morpholino and benzylpiperazino derivatives 
showed a fourth unknown spot between the ketone and ether, Rf 0.8. 


The ketone is likely a product of air oxidation of the alcohol, 
since no attempt was made to exclude oxygen from the reaction 
solutions. 


The dibutylamino and diethylamino compounds resulted in 
almost exclusive formation of the ether, IV ,  with traces of alcohol 
and ketone. This compound could be isolated from heated acidic 
solutions of these amines by filtration of the precipitate followed by 
washing with petroleum ether. 


The alcohol, 111, was prepared from the N-methylpiperazino 
analog. It was obtained by preparative TLC on silica gel GF plates. 


2 '  I , 1 


0 20 40 60 80 100 120 140 
HOURS 


Figure 2-Observed or appareni firsi-order plois for hydrolysis of 5- 
aminodibenzo(a,d]cyclohepianes (Tables I and II) in 0.1 N HCI o f  
80". Iniiial conceiiiraiions (25 mg.1100 nil.) were analyzed by  ad- 
justing 4-ml. samples to pH 3.44 and treatment wiih meihyl orange 
solution followed by exiraciion wiik 100 ml. CHCls. Absorbances 
were read at aboui 420 nm. Key: A, dieihylamino; 0, piperidino; and 
0, pyrrolidino. 


The purified material was identical with an authentic sample of the 
alcohol. 


The ketone was eluted from preparative TLC plates. It exhibited 
spectral and chromatographic properties similar to those of an 
authentic sample of the ketone. 


Methyl orange extraction failed with the morpholino compound, 
which prevented quantitative treatment regarding the reaction 
velocity of its solvolysis. 


Dibutylamine formed an ion-pair complex with the anionic dye, 
giving an extinction coefficient approximately equal to that of the 
starting material. However, the partition ratio (ch1oroform:pH 3.44 
aqueous buffer) was considerably different from that of the dibutyl- 
aminodibemycloheptane. This left no method of analysis for the 
dibutylamino analog which was not treated quantitatively. 


The other amine portions failed to producecolored complexes that 
interfered with the assay method. 


The alcohol, 10,l l-dihydro-5H-dibenzo[a,djcycloheptane-5-01 
(III), appears to be an intermediate in formation of the bis-ether, 
IV. When subjected to heating in solutions of water with addition 
of hydrochloric acid or ethanol-0.I N HCl at a", large quantities 
of the ether were noted, indicative of its production through the 
alcohol. A second spot, Rf 0.85 in chloroform-diethylarnine (100: 
I), was observed; it may be the ethyl ether but it was not char- 
acterized. 
Reaction Pathways-The transformation of the parent compound 


to the alcohol may be postulated as occurring through either water 
reaction with a carbonium ion, VII, or water attack on the pro- 
tonated amine. Both cases are kinetically equivalent, leading to 
the alcoholic intermediate. Carbonium ions of the type generated 
from the alcohol and amine would be resonance stabilized from the 
two phenyl rings, giving a total of seven resonance-stabilized struc- 
tures with the positive charge distributed over the tricyclic nucleus. 
Seven-membered rings are well known for relative ease of car- 
bonium-ion formation (9). 


From the alcoholic intermediate, 111, common to the substances 
investigated, a plausible reaction course may be postulated (Scheme 
11). Conversion of the alcohol into the bis-ether in aqueous acid 
further strengthens the prospect of reaction routes similar to those 
in Scheme 11. 


The bis-ether, IV ,  may be formed by reaction of the alcohol, 111, 
with the carbonium ion, VII, or the protonated VIII (Scheme 11, 
part 2). It is difficult to distinguish between the two routes. 


Dibenzosuberone may have been the result of air oxidation of the 
alcohol, since no attempt was made to exclude oxygen from the 
reaction media. 
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Figure >Typical Arrhenius plot for observed first-order velocify 
constants related to decomposition of 5-diethylaminodibenzo[a,d]- 
cycloheptaire (Table I ,  Compound I )  in 0.1 N HCI ai various tem- 
peratures. 


Figure 2 presents log absorbance plots as a function of time in 0.1 
N HCI. It is evident that the rate constants vary considerably. The 
diethylamino compound was chosen for most of the work because 
of its relatively short half-life compared to other compounds. 


Table 111 illustrates the kinetics of the diethylamino compound. 
An apparently invariant reaction rate constant at each specified 
temperature between 1 N HCI and pH 5 is evident. The studies were 
not carried to higher pH values due to precipitation of the free 
base (pKa approximately 7.4) from aqueous solution. These data 
imply that the process is a function of the rate of decomposition of 
protonated species, BH+. The fraction of BH+ probably approaches 
1 for pH S and below. The following expression may be written re- 
garding the reaction velocity constant: 


kobi .  = k0fBn.i koba. = 


[H+l . or kobm.  = k ,  (h. 2) k o  [H+] + K,,’ 


where fBRH + = 1 (pH 5 and below). Water attack on protonated sub- 
strate and ionization of protonated amine to a carbonium ion with 
eventual production of alcohol in both cases are kinetically in- 
distinguishable by ordinary methods (10). 


The morpholino and dibutylamino derivatives degraded at 
measurable rates but were not studied due to the absence of suit- 
able analytical techniques. The two substituted piperazines (Table I, 
Compounds 6 and 7) are extremely short lived in aqueous acidic 
solutions. The second piperazine nitrogen in some manner facilitates 
cleavage of the C-N bond. The two latter substances produce a 
fourth product of the reaction, which has not yet been identified. 


Figure 3 shows the Arrhenius plot ( 1  1) using the relationship: 


In k = -E./RT + constant (Eq. 3) 


for determination of the apparent energy of activation for 5-di- 
ethylaminodibenzo[a,dlcycloheptane. The value, as determined 
graphically, is 24.0 kcal./mole in 0.1 N HCI. 


SUMMARY 


Several 5-aminodibenzo[a,~cycloheptanes were synthesized and 
examined regarding their reactivity in aqueous acidic solution. The 
differences in the compounds studied were in the amine portion of 
the molecule with various dialkyl, cycloalkyl, and piperazino 
analogs utilized. All prepared compounds exhibited degradative 
tendencies under the reaction conditions employed. 


The acid-dye method was employed for analytical purposes, The 
technique is specific for the process when the amines generated do 
not form ion pairs with methyl orange. This procedure has its 
usual limitations as certain longer chain amines, e.g., dibutylamine, 
form complexes with the anionic dye, while the morpholino sub- 
stituent did not produce sufficient extractable color for analytical 
applicability. 


The principal products of the solvolysis of monobasic amines 
were characterized and are: 1, 10,l l-dihydro-5H-dibenzo[a,d)- 
cycloheptane-5-01; 2, dibenzosuberone; and 3, bis(l0,l l-dihydro- 
5H-dibenzo[a,dJcyclohepten-5-yl) ether. The ketone is likely a 
side-product of air oxidation of the alcohol. 


The reaction sequence studied was initiated by a somewhat novel 
cleavage of a labile C-N bond between the 5-position of the tri- 
cyclic nucleus and the amino nitrogen. This linkage in some cases is 
broken at ambient temperatures in dilute acid. The reaction se- 
quence considered may proceed through a resonance-stabilized 
carbonium ion or kinetically equivalent solvent attack on protonated 
substrate. 


The general order of reactivity for the amino analogs is: pipera- 
zino > dialkylamino > cycloalkylamino. 
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Use of Adsorbents in Enhancement of Drug Dissolution I 


DONALD C. MONKHOUSE and JOHN L. LACH' 


Abstract A new approach is described for increasing the dissolu- 
tion rates of relatively insoluble powders. It is based on the con- 
cept of increasing the surface available for contact with dissolution 
media, This is accomplished by equilibration of the drug in an 
organic solvent (e.g., acetone) on an insoluble excipient with an 
extensive surface (e.g., fumed silicon dioxide). The drugs studied in- 
cluded indomethacin, aspirin, sulfaethidole, griseofulvin, reserpine, 
chloramphenicol, oxolinic acid, probucol, and hydrochlorothiazide. 
The effects of pH, wetting agents, and agitation intensity were in- 
vestigated in some systems. An increased rate of release from the 
minuscular drug delivery system was observed in all instances. 


Keyphrases 0 Adsorbents-used to increase the dissolution rates of 
relatively insoluble drug powders 0 Dissolution rates-micronized 
(minuscular) drug dispersed on microparticulate adsorbents 
Drug delivery system-micronized (minuscular) drug dispersed on 
microparticulate adsorbents 


The poor dissolution characteristics of relatively in- 
soluble drugs has long been a problem to the pharma- 
ceutical industry. If one accepts the premise that the 
absorption of such drugs is rate limited by the dissolu- 
tion process, then the physicochemical factors control- 
ling the dissolution rate may be described by the Noyes- 
Whitney and Nernst equations (1, 2). The terms in these 
equations can be modified and the dissolution rate altered 
through the use of soluble salts, polymorphs, hydrates 
or solvates, molecular complexes, eutectics, and solid 
solutions. These approaches to altering the dissolution 
rate will now be considered in detail. 


As a rule, a pharmaceutical salt exhibits a higher dis- 
solution rate than the corresponding nonelectrolyte at  
an equal pH, although the salt and nonelectrolyte may 
have the same equilibrium solubility. Thus, under the 
conditions that favor conversion of the salt to the non- 
electrolyte, faster dissolution of the salt occurs, but the 
nonelectrolyte precipitates as fine particles which then 
have the required characteristics for proper redissolu- 
tion (3). If rapid dissolution of a nonelectrolyte is de- 


sired, it can be achieved by incorporation of a buffer 
substance into the formulation. Such a buffer effectively 
alters the pH of the diffusion layer, enhancing dissolu- 
tion by in situ salt formation (4). 


The concept of employing a suitable ligand to com- 
plex with a drug substrate in the formation of a more 
soluble entity is not new (5 ) ,  but it has not been widely 
exploited until recently. One such application was made 
with the caffeineergotamine combination (6) .  


The successful utilization of a polymorph of signifi- 
cantly greater thermodynamic activity ( i .e. ,  solubility) 
than the stable modification may provide, in some in- 
stances, therapeutic blood levels from otherwise physio- 
logically inactive drugs. The use of such metastable 
compounds may lead to crystal reversions on standing, 
and these stability aspects must be considered (7). The 
use of solvates and hydrates has also enjoyed limited 
use, although the anhydrous forms of semisynthetic 
penicillins have been used to give blood serum levels 
consistently earlier and significantly higher than those 
observed after administration of similar formulations 
containing the hydrated material (8). 


Reduction of particle size remains the accepted 
method for increasing dissolution rates. However, upon 
micronization, hydrophobic drugs have a tendency to 
clump when exposed to the dissolution medium (9). An 
apparent solution to  this problem was provided by 
Sekiguchi and Obi (10). They proposed that the incor- 
poration of a microcrystalline or molecular dispersion 
of a poorly soluble drug in a solid matrix of water- 
soluble carrier would increase the dissolution rate and 
absorption of the drug. Since then, modifications of the 
technique have been suggested under a variety of names, 
including solid solutions (1 1), eutectics (lo), coprecipi- 
tates (12), and fast-release solid dispersions (13). The 
exact physical nature of these compositions is not ex- 
actly clear, but it is believed that the insoluble drug is 
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Table I-Dissolution Studies of Various Drugs in the Minuscular Form 
~~ ~~ ~ 


Quantity Percent 
of Pure Fumed 


Solvent Used Drug in Silicon 
to Sample, Dioxide Relative Dissolution Rate, min.a 


Drug Prepare Samples mg. Dissolution Media r.p.m. Added 3 6 14 


Indomethacin 


Aspirin 


Hydrochloro- 
thiazide 


Chloram- 
phenicol 


Sulfaethidole 


Reserpine 


Griseofulvin 


Probucol 


Oxolinic acid 


Acetone 


Methylene 
chloride 


Acetone 


Acetone 


Acetone 


Chloroform 


Chloroform 


Acetone 


Chloroform 


50b 


100 


25 


100 


60 


14 


20 


10 


20 


Water 


Water 


Water 


Water 


Water 


0.005 M HOCOCH3 


Water 


7 5 z  CH30H 


Water 


240 5 2.5 3.1 3 .6  
10 14.3 13.8 11.3 
20 15.4 14.6 11.5 


15 2 1 .2  1 . 2  1 . 2  
5 2.8 2 . 2  1 .6  


10 3.0 2.3 1.7 
60 5 2 .6  2 . 2  1 . 6  


10 4.0 3.1 2.0 
20 4.0 3 .1  2 .0  


15 5 2.7 2.2 1.7 
10 4.1 2.9 1 . 9  
20 4.1 2 . 9  1.9 


240 5 2.3 1 . 7  1 .4  
10 3.0 2.2 1 .6  
20 3 .0  2.2 1 .6  


240 5 3.3  3.1 3.0 
10 4.3 3.9 3.5 
20 4.3 3.9 3.5 


240 5 4.8 4.2 3.2 
10 9 .8  8 .0  5 . 5  
20 9 . 8  8 .0  5 . 5  


240 5 3 .0  2.4 1 .7  -~ 
10 3.5 2 .7  2.0 
20 3 . 5  2.7 2.0 


240 5 1.8 2.0 2.3 
10 2.4 2.6 2.1 
20 2.6 3 .0  3.1 


Ratio of minuscular drug in solution to th pure drug at the designated times. b Total amounts of sample in this case would be 52.5, 55, and 60 
mg. for 5, 10, and 20% adsorbent added, respectively. 


dispersed molecularly in the matrix of the soluble inert 
carrier. Upon exposure to the dissolution medium, the 
carrier dissolves rapidly and the finely dispersed partides 
are then released with optimum properties for dissolu- 
tion. These reports attributed the observed effects 
principally to a decrease in particle size. 


Each of these approaches for altering the dissolution 
rate requires a unique type of drug molecule to exhibit 
its effect. In the present investigation, a new delivery 
system is proposed which will provide an increase in the 
dissolution rate of a wide variety of drug types. A 
method is described here wherein the drug is deposited 
in "minuscular form" on the surface of an adsorbent. 
This new term implies that the drug has undergone 
molecular micronization when it is dispersed on the 
extensive surface of the microparticulate adsorbents. 
The present paper reports the dissolution aspects of 
this concept, and the second paper will report an in- 
vestigation into the type of bonding involved in these 
systems. 


EXPERIMENTAL 


Materials-The following were used: hydrochlorothiazidel, 
indomethacinz, microsize griseofulvin USP3, chloramphenico14, 
sulfaethidole (sulfaethylthiadiazole)6, probucoP, oxolinic acid7, 


1 Lot 39917, Merck Sharp and Dohine, West Point, Pa. 
2 Lot F-140507, Merck Sharp and Dohme, West Point, Pa. 
3 Lot MI-25012, Schering Corp., Bloomfield, N. J. 


Lot 702103, Parke, Davis and Co., Detroit, Mich. 
Lot 11,708, American Cyanamid Co., Pearl River, N. Y. 


6 4.4'4 lsooroovlidei~edithio~~b~sl2.6-di-rerr-butvluhenoll. Lot D- 1280. , _ .  _ .  
Dow,.Indianipo&, Ind. 


acid, Lot 26, Warner-Chilcott Laboratories, Morris Plains, N. J.  
5-Ethyl-5,8-dihydro-8-oxo-1,3-dioxolo[4,5-g]quinoline-7-carboxylic 


reserpinea, aspirin USPg, fumed silicon dioxidelo, and silicic acid 
(precipitated)". All other chemicals were of reagent grade and were 
used as received. 


Preparation of Minuscular Drug Sample-Fine powders of the 
drug and different water-insoluble adsorbents such as fumed silicon 
dioxide or silicic acid were accurately weighed in certain ratios. 
They were mechanically mixed and transferred to beakers of a 
suitable size. Sufficient organic solvent (acetone, chloroform, or 
methylene chloride) t o  dissolve all of the drug in the sample was 
then added to  the beakers. These slurries or gels were stirred by a 
magnetic stirrer and evaporated by a stream of filtered air. The 
samples were then placed in a heated vacuum desiccator at 70" for 
1 hr. (40" was used for aspirin) to facilitate the drying process. The 
solid masses were then pulverized in a mortar and sieve sized to 
the 80-mesh range. These powders were remixed by tumbling end 
over end for 15 min. A small portion of the powder was then re- 
moved and assayed for its drug content. Only those samples con- 
taining 100 f 5% of the required amount of drug were used in the 
dissolution studies. The solvent method of preparation was utilized 
because it provided a definite control of the composition of the solid 
obtained. An assay resulting in a sample outside the above limits 
was uncommon. 


Dissolution Studies-Five hundred milliliters of distilled water 
(or other media where indicated) was added to a 1-1. beaker and 
permitted to equilibrate t o  37" in a constant-temperature water 
bath. A T-shaped two-bladed glass stirrer, about 5.5 X 0.5 cm., was 
vertically centered and lowered to a depth of 1 cm. above the bottom 
of the beaker. The stirrer was attached to  a synchronous motor 
which could easily be adjusted to rotate accurately at speeds of 
15, 60, and 240 r.p.m. These three speeds assured relatively constant 
hydrodynamic conditions. Accurately weighed samples, equivalent 
to a certain quantity of pure drug, were spread over the surface of 
the medium. Any large aggregates that formed at this stage were 
lightly broken up with a microspatula within 10 sec. of adding the 


8 Aldrich Chemical Co., Inc., Milwaukee, Wis. 
9 Mallinckrodt Chemical Works, S t .  Louis, Mo. 
10 Grades EH5 and M7, Cabosil, Cabot Corp.. Boston, Mass. 
1 1  Fisher Scientific Co., Fair Lawn, N. J. 
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Figure 1- D i ~ s ~ l i i t i ~ ~ t  profiles o f  miniiscrilar i~idometlruci~r iir water 
at 15 r.p.m. Key: k, 20%.fumed silicoir dioxide E H j ;  A,  10% fiinied 
silicoii dioxide EH5; +, 20% ,fiimed silicon dioxide M7; H, 10% 
firmed silico~t dioxide M7; 0,  20% silicic acid; 0, 5 firmed silicon 
dioxide EH5: [ I ,  10% silicic acid; rr~rd e, imlornctltaci~i powder o~ily.  


sample. Subsequently, the surface was not disturbed except when 
aliquots were removed from the medium. The aliquots were with- 
drawn at periodic time intervals by means of a pipet adapted with a 
sintered-glass filter of medium porosity. The aliquot was then 
diluted appropriately in a volumetric flask, and absorbance mea- 
surements were determined at the required wavelength on a spectro- 
photometer’?. A similar quantity of the dissolution medium was 
treated in the same way and used to  set the instrument to zero ab- 
sorbance. When 20 mg. of adsorbent (equivalent to the maximum 
amount used in the dissolution study) was placed in 500 ml. of 
medium and an aliquot was withdrawn and treated in the same 
manner as a normal drug sample, no significant absorbance was 
found over the wavelengths used for the analysis of the drugs. 
Beer’s law was confirmed in all of the systems studied. 


Unless otherwise specified. the exact experimental details for each 
drug system are listed in Table I. The absorbances of the samples 
were converted into milligrams of drug dissolved in 500 ml. of 
medium and plotted Cersiis time in the form of a dissolution profile. 
Each point on the profile represents the average of at least two 
determinations. 


Although it is theoretically preferable for sink conditions to 
exist in the dissolution bath throughout the process (l), this could 
not be accomplished in some cases because of the minute quantity 
of sample required and/or the drug’s small absorptivity. Where 
these limiting factors prevailed, it was necessary to  use nonsink 
conditions (e.g., indomethacin, griseofulvin, and oxolinic acid) for 
comparison. 


0 
W 


3 
2 
‘ “ 4  0 


0 2 4 6  8 10 12 14 
MINUTES 


Figure 2- Dissolirtio~r profiles of’ niimsriilar iiidomethaci~t in water 
at 60 r.p.m. K e y :  k, 20% fumed silicou dioxide EH5; A, 10% fumed 
silicon dioxide EH5; 4.  20 % filmed silicon dioxide M7; m, I0 % fiimed 
silicoii dioxide M7; 0,  20% silicic acid; 0, 5% frimed silicoii dioxide 
EH5; L1, 10% silicic ucid; airdo, i/idotne/lruci/r powder oirly. 


I ?  Gilford model 240. 
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MINUTES 


Figure 3- Dissolirtioii pro3les of mimscirlar indomethaciit iii wuter 
01240 r.p.m. Key:  A, 20% fi~medsilicoii dioxide EH5; A, 10% filmed 
silicoit dioxide EH5: +, 20% firmed silico/i dioxide M7; m, lox 
firmed silicoir dioxidc M7; 0 ,  20 srlicic acid: 0, 5 2 fumed silicoii 
dioyide EH5; LI, 10% silicir ucid; a d  e, i/idometliacin powder only. 


In all cases, the drugs supplied were in a micronized form or in 
very fine crystals. When these drugs were treated in the same manner 
as the microparticulate drug samples, except that no adsorbent was 
added, the dissolution rate was slightly less than or equal to that 
measured on the original commercial product. Thus, the dissolution 
rate of the pure drug plotted in the profiles represents that of the 
original commercial product. This was considered necessary in 
order to report a “fair” comparison with the minuscular drug 
samples; consequently, it may be assumed that the enhanced dis- 
solution rate of the drugs in the surface-coated form was not due to 
recrystallization per se. The dissolution rates of the drugs alone 
were similar t o  those of various physical mixtures of the surface 
materials containing the same particle-size drug. (The plots of the 
physical mixes were omitted to prevent overcongestion of the pro- 
files.) This tends to  preclude the possibility that the adsorbents 
function to increase the bulk solubility of the drug, which would 
result in alteration of dissolution and absorption characteristics. 


Modified Silica Gels-These were prepared using a similar method 
to that employed for TLC (14). Basified silica gel was prepared by 
stirring 20 g. of silicic acid and 100 ml. of 0.5 N NaOH for 30 min. 
Acidified silica gel was prepared by stirring 20 g. of silicic acid and 
100 ml. of 0.5 N HCI. The slurry was then filtered, and the precipitate 
was washed with 200 ml. of distilled water. These powders were 
dried in a heated vacuum desiccator a t  100” for 3 hr. 


RESULTS AND DISCUSSION 


Indomethacin-As shown in Figs. 1-3, the rate of dissolution of 
indomethacin varied with the surface material component used to 
prepare the minuscular drug. The rank order of dissolution, as 
obtained from the family of curves represented in each figure, is as 
follows: 2 0 z  fumed silicon dioxide EH5 > 10% fumed silicon 
dioxide EH5 > 20z fumed silicon dioxide M7 > 10% fumed 
silicon dioxide M7 > 20% silicic acid > 5 %  fumed silicon dioxide 
EH5 > 10% silicic acid > indomethacin powder. This rank order of 
dissolution was independent of the speed of the stirrer from 15 to 
240 r.p.m. 


It was evident that indomethacin in the minuscular form went 
into solution significantly faster than the indomethacin powder 
alone. Since the same range of particle size (smaller than 80 mesh) 
was used for these systems, it is reasonable to  suppose that the 
indomethacin in the minuscular form is available to  the dissolution 
medium in a smaller particle-size form. If the layer of drug on the 
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Figure 4-Dissolution profiles o f  mitiuscidnr indonietliacin in wafer 
and in 0.02 % polysorbate 80 at 240 r.p.m. Key for 0.02 % polysorbate 
80: A, 10% fumed silicon dioxide; 0, 10% silicic acid: and 0, pure 
indomethacin powder. Key for water: A, 10% firmed silicon dioxide; 
W. log: silicic acid; and 0, pure indoniethacin powder. 


surface of the silica is weakly adsorbed, then a silica of large surface 
area should manifest a greater enhancement of dissolution than a 
silica of smaller surface area. Fumed silicon dioxide EH5 has a 
surface area of 390 f 40 m.*/g. and fumed silicon dioxide M7 has a 
surface area of 200 f 25 m.*/g. From Figs. 1-3, the rank order is 
20% fumed silicon dioxide EH5 > 10% fumed silicon dioxide 
EH5 > 20% fumed silicon dioxide M7 > 10% fumed silicon dioxide 
M7. Thus, surface area was, in fact, a controlling factor for the 
increased dissolution rate of these drug samples. Also, silicic acid 
is much coarser than the fumed silicon dioxide samples and was, 
therefore, less efficient at releasing the drug. However, the efficiency 
of release of these silica adsorbents did not completely parallel the 
rank order of “total” surface (i.e.,  g. X m.*/g.) available to the 
drug. Since fumed silicon dioxide EH5 was the more effective 
silica adsorbent, this grade was the preferred excipient in the 
remaining experiments. 


Even though most drugs are micronized and, therefore, have a 
theoretically large surface available to the dissolution medium, they 
have an unfortunate habit of clumping together as a result of their 
hydrophobicity (9). It is well known that the presence of a surfactant 
greatly enhances the deaggregation of these types of powders. In 
this particular study, 0.02% polysorbate was chosen as the 
dissolution medium because it has been shown to  overcome the 
“nonwetting” character of powdered drugs (15) and it more closely 
resembles the surface tension of the GI fluids than distilled water. 
From Fig. 4, it is evident that dispersion is a problem with indo- 
methacin. The amount of drug in solution from the untreated 
powder was sufficiently increased (six times), but the 10% silicic 
acid sample released the drug still a little more rapidly in the poly- 
sorbate 80 medium. Solubilization was considered to have only a 
minor contribution. Upon further examination of the plot, it was 
noted that the presence of polysorbate 80 was inconsequential when 
10% fumed silicon dioxide was used. In this case, apparently be- 
cause of its molecular size and wettability, 10% fumed silicon 
dioxide adequately dispersed the drug and allowed the drug to be 
wetted by the solvent. Since indomethacin is a weak acid, it was 
expected that its dissolution rate should be enhanced by coating the 
drug onto a basic surface such as basified silica gel. Conversely. 
the drug should be released more slowly when coated onto an 
acidic surface such as acidified silica gel. Experiments were per- 
formed which confirmed these expected results (Fig. 5) .  


1 3  Tween 80. 


J 
/ 


0 2 4 6  8 10 12 14 
MINUTES 


Figure 5-Dissolution profiles o f  minusciilar indometl~aciti in water 
at 240 r.p.m. as a function o f p H  of the surface. Key: A, 10% basified 
silica gel; 0,  10% ittitreated silicic acid; and 0, acidified silica gel. 


It is well known that the solubility term in the Noyes-Whitney 
equation represents the concentration of a drug in the thin film of 
a liquid that adheres to the dissolving solids, namely “the diffusion 
layer.” In effect, the solution rate of the acid is not dependent on its 
intrinsic solubility in the gross medium but upon the solubility that 
exists in the diffusion layer. It was found in this study that 10 mg. of 
the acid- or base-treated silica gel (maximum amount used in this 
study) changed the pH of the dissolution medium negligibly. It is 
apparent in this instance that the diffusion layer pH is the con- 
trolling factor. 
In the case of basified silica gel, the sodium salt is most probably 


formed when the aqueous layer reaches the particulate surface. 
However, when the salt molecules diffuse out through the layer of 
high pH and reach the gross medium, the free acid precipitates 
once again but in very finely dispersed particles. These possess the 
desired properties for optimum redissolution. For the acidified 
excipient, the diffusion layer is acidic and the inherent solubility of 
the drug is markedly decreased. This portrays quite a comparable 
dissolution rate t o  the untreated powder in 0.1 N HCI (Fig. 6). 
From these considerations, it may be generalized that, unless the 
basic surface causes some decomposition (16), the coating of 
weak acids onto such treated surfaces might be of potential signifi- 
cance for increasing the dissolution rate. 


It is always necessary to  verify that a new process for increasing 
dissolution rates exhibits comparable behavior in GI fluids. In 
this case, the pepsin in simulated gastric fluid interfered with the 
analysis; but judging from results of previous studies (17), it was 
considered reasonable to  assume that if an increase could be ob- 
served in 0.1 N HCI, then an improved result might be expected in 
human gastric juice. 


Figure 6 illustrates that the amount of increase observed with 10% 
fumed silicon dioxide in 0.1 N HCI was not as great as that ob- 
served in water. This result was not entirely unexpected, as the 
rate of solution is proportional t o  solubility in the diffusion layer. 


4 t  


0 2 4 6  8 10 12 14 
MINUTES 


Figure 6-Dissolirtion profiles o/ minusciilar. indometl~acin in 0. I N 
HCI at 240 r.p.ni. Key: A ,  IO~jirrnedsilrcon dioxide; A, 10% basified 
silica gel; 0, 10% untreated silrcic acid, and 0, piire indomethacin 
powder. 
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Figure 7-Dissoliition profiles of miriirscrrlur aspirin in water at I S  
r.p.ni. Key: W, 10% lirrned silicon dioxide; a, 5 %  firmed silicon di- 
oxide; U, 10% starch and 10% lactose; +, 10% silicic acid; A, com- 
mercial starch grmiirles: a, 2 % firmed silicon dioxide und 5 % silicic 
ucid; @, piire uspirin crystuls <:I00 mesh; and 0, 40-mesh aspirin 
commercial crystals. 


In this case, the diffusion layer could be considered as exemplifying 
the same pH as the gross dissolution medium. In fact, the solubility 
of indomethacin in 0.1 N HCI was decreased by one-third, which 
implied a slower dissolution rate. A similar decrease was observed 
with 10% silicic acid. 


The basified silica gel also had a decreased effect in 0.1 N HCI. 
This might be explained by presuming that the depth of the diffusion 
layer was of a smaller magnitude in 0.1 N HCI than in distilled 
water. As a result, the molecules of free acid would precipitate 
earlier and the effectiveness of the alkali would be reduced. As 
observed initially, the rank order is invariant both in distilled 
water and inO.1 A‘HCI. 


It was considered that the method of preparation might be partly 
responsible for the observed behavior, since the evaporation tech- 
nique might not have entirely discouraged the possibility of multi- 
phase solids. For this reason, solvents such as methylene chloride 
and chloroform were tried for the indomethacin system and a 
rotary evaporator was used to remove the solvent. The amount of 
indomethacin dissolved as a function of time exhibited essentially 
the same release profiles as the original samples prepared in the 
manner described i n  the Experimental section. It may, therefore, 
be construed that the results are, for the most part, independent of 
the solvent and the method of preparation and are a function only 
of the indomethacin-fumed silicon dioxide ratio. 


Aspirin-The family of curves obtained at  15 r.p.m. (Fig. 7) 
produced the following rank order of dissolution: 10% fumed 
silicon dioxide > 5 %  fumed silicon dioxide > 10% starch-coated, 
10% lactose-coated > 10% starch granules > 2% fumed silicon 
dioxide, 5 %  silicic acid > aspirin crystals ( < I 0 0  mesh) > 40- 
mesh commercial aspirin crystals. At the higher speeds, 60 and 
240 r.p.m., the profiles further coalesced, but the rank order re- 
mained essentially the same; that is. there was no crossover of 
individual profiles as previously reported for aspirin tablets ( 1  8) or 
for different crystal sizes (19). Although it is difficult to compare 
results gained from different experimental conditions, it was not 
surprising that results varied when such different conditions as 
nonsink and a 0.1 NHCI medium were employed. 


Since starch and lactose are two of the most popular “nondrug” 
ingredients in tablets, a comparison of their release rates with the 
silica cornpounds was desirable. A sample of a commercial aspirin 
granulation containing 10 y,; starch was obtained, and its dissolution 
rate was compared to surface-coated samples containing 10 % 
starch and 10% lactose. From Fig. 7, i t  is evident that the surface- 
coated samples were superior t o  the granulated form while there 
appears to be no difference between lactose and starch. The physical 
mixes (not shown) dissolved slightly faster than the pure drug 
powder, yet slower than the 27; fumed silicon dioxide and the 5 %  


silicic acid coated samples. The commercial granulation was 
prepared from the 40-mesh crystals, but the method involved in 
their preparation is unknown. Two possibilities exist which may 
explain why the granulation dissolved faster than the physical mix: 


1. If wet granulation was used, then some surface coating may 
have occurred. 


2. If a slugging technique was used, then the specific surface 
area would have been increased by the action of the compression 
pressure fracturing the particles (20). 


The possibility of a surface interaction occurring under the com- 
pression conditions must also be considered (21). 


The swelling action of starch grains is most desirable in a tablet 
formulation. It is suggested that some surface coating, preferably 
on fumed silicon dioxide, be a prerequisite before the drug is 
granulated. 


General-It appears that the rank order for the diffusion-con- 
trolled dissolution of the two studies discussed thus far remained 
constant regardless of a change in agitation intensity. For the more 
soluble drug, aspirin, the optimum speed for differentiation of the 
individual profiles seemed t o  be 15 r.p.m.; for the more insoluble 
drug, indomethacin, the better speed was 240 r.p.m. On this basis it 
was decided that rather than using three speeds for the remaining 
seven drugs, one differentiating speed was needed. 


For the low solubility drugs (e .g . ,  sulfaethidole, reserpine, griseo- 
fulvin, probucol, and oxolinic acid), a high speed of 240 r.p.m. was 
utilized; for the moderately soluble drugs (e.g., hydrochloro- 
thiazide), 60 r.p.m. was employed; and for the higher solubility 
drugs (e .g . ,  chloramphenicol), a speed of 15 r.p.m. was used. 
Under the conditions of this experiment, 15 r.p.m. was the minimum 
speed that produced homogeneity in the medium and 240 r.p.m. 
was the maximum speed that did not cause excessive turbulence. 


From the preceding two studies, it appeared that fumed silicon 
dioxide was the most efficient delivery system in releasing the drug 
as compared, for example, to silicic acid. Thus, it was resolved to 
test this system with a number of drugs that are known to have 
problems in their dissolution characteristics: chloramphenicol 
(22, 23), griseofulvin (10, 12, 15, 24-26), sulfaethidole (27). reserpine 
(11, 28, 29), and hydrochlorothiazide (30, 31). In addition, two 
experimental drugs14, oxolinic acid (32) and probucol, were also 
tested. These seven drugs were prepared in the previously described 
manner with 5, 10, and 20% fumed silicon dioxide; the dissolution 
profiles of these systems, along with that of the pure drug, were 
determined (Table I). 


Examination of the relative dissolution rates in Table I clearly 
indicates that a linear relation does not exist between the release 
rate and the amount of fumed silicon dioxide added. On closer 
inspection, observing the 3-min. interval, there seems to  be a 
leveling off between 10 and 20% of fumed silicon dioxide added. 
This implies that the surface was covered by a drug monolayer that 
controlled the dissolution process. It can be rationalized that up to 
10% the fumed silicon dioxide was being covered by a drug layer, 
while a monolayer was formed at or about 10%. Above this amount, 
multilayers or clusters of multilayer aggregates coated the silica 
surface or, alternatively, the excess silica coated the drug. Hence, 
when the samples were placed in the dissolution medium, the com- 
petition between the water molecules and the drug for the surface 
became maximal once a monolayer was present. The dissolution 
rate was then minimally improved with further addition of fumed 
silicon dioxide above 10%. 


The increases in dissolution rates of the compounds listed in 
Table I are comparable to those reported in most of the studies 
cited previously. The approach taken in this study was, however. 
essentially different. The other methods, which include mixed 
melts, high energy polymers, molecular complexes, and solubilizing 
agents, are all capable of releasing “bound” drug. Present ana- 
lytical techniques are not selective-they all measure total drug in 
solution. This total drug can include bound drug (33) which may 
be a nonadsorbable species. Preliminary data from other studies in 
this laboratory are conclusive in showing that the dialysis rate 
across a membrane is markedly influenced by binding phenomena. 
Since fumed silicon dioxide and silicic acid are insoluble, the 
minuscular drug system releases only free, adsorbable drug into 
solution. 


1‘ Supplied by commercial drug companies. 
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Another apparent disadvantage of these other methods is that the 
total bulk quantity of final dosage form required becomes pro- 
hibitive when the dose is of the order of 250 mg. The impracticality 
becomes evident when it is realized that a 1 : 9 drug-excipient ratio 
is frequently necessary to observe the increased rates. In the current 
study, a high drug-excipient ratio of 10: 1 is indicated. 


From the foregoing results, it is quite evident that the use of 
adsorbents can facilitate the dissolution process of relatively 
insoluble powders. Surface degradation is, however, a possibility 
with such systems (34, 3 3 ,  but this aspect will be considered in the 
second article. The minuscular drug delivery system can be regarded 
as drug in a microparticulate form molecularly dispersed on the 
very extensive surface of fumed silicon dioxide. The resulting de- 
crease in particle size and the concomitant increase in surface area 
serve to  increase the thermodynamic activity of the drug in the 
dispersed state which, in turn, greatly enhances the rate of solution 
of the drug. 
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Use of Adsorbents in Enhancement of Drug Dissolution I1 


DONALD C. MONKHOUSE and JOHN L. LACH’ 


Abstract 0 Using the instrumental techniques of diffuse reflectance 
spectroscopy, differential thermal analysis, and X-ray analysis, it 


on the percentage of fumed silicon dioxide added to the system. 


drugs, characterization of drug-excipient binding Drug-excipient was possible to characterize the type of bonding forces involved in Keyphrases 0 Adsorbents-used to increase rates Of 


the minuscular drug systems Prior to the dissolution Process. HY- binding-dissolution characterization of micronized (minuscular) 
drown bonding and van der Wads’ forces accounted for the rapid drug dispersed on adsorbents 0 Diffuse reflectance spectroscopy- 
desorption of the drugs from the adsorbent surface. A decrease in characterization of drug-excipient binding Differential thermal 
particle size was suggested as a major factor improving the dissolu- analysis-characterization of drug-excipient binding X-ray 
tion rate of these equilibrated systems. Two polymorphic forms of crystallography-characterization of drug-excipient binding 0 Dis- 
indomethacin and probucol were identified as being present in the solution rates-micronized (minuscular) drug dispersed on adsor- 
samples, the proportion of the metastable form being dependent bents, characterization of binding forces 


Reports in the literature in the last 5 years brought to  
light the importance of drug-excipient interactions. 
These interactions have been responsible in  part for 


difficulties experienced in formulating pharmaceutical 
dosage forms. The most pertinent consequence associ- 
ated with these interactions is often a decreased thera- 
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RESEARCH A R T I C L E S  


Solubility of Organic Hydrochlorides 


S. F. KRAMER' and G. L. FLY" 


Abstract 0 The solubilities of two polysubstituted 1,3-dioxolanes, 
each containing a 4-(2'-piperidyl) substituent, were examined as a 
function of pH, temperature, and solvent composition. Mathe- 
matical equations describing the total solubility at any arbitrary 
pH in terms of the independent solubilities of the hydrochloride 
and free base species and the dissociation constant of the salt were 
derived and fitted to the data with good result. Alternatively, a 
method of estimating the true pK'a of a hydrochloride from the 
solubility profile at a given temperature is indicated. The data 
show that the shape of the pH profile is more dependent on the 
solubility of the free base than on that of the hydrochloride. The 
free base solubility determines the pH range in which the solubility 
abruptly drops from that of the soluble salt to that of the relatively 
insoluble free amine. To shift the pH-solubility profile to higher 
pH values, as may be required in formulation, it is necessary to 
increase the solubility of the free base. Methods and solvents are 
indicated whereby this can be accomplished without appreciably 
affecting the solubility of the hydrochloride form. 


Keyphrases 0 Hydrochlorides, organic-solubility as a function of 
pH, temperature, and solvent composition, equations 0 Amine 
hydrochlorides-solubility as a function of pH, temperature, and 
solvent composition 0 Solubility of organic hydrochlorides-pH 
profiles, temperature dependence, species equilibrium 0 pH- 
solubility profiles-organic hydrochlorides (dexoxadrol and etox- 
adrol hydrochlorides) 0 Temperature effect-solubility of two 
amine hydrochlorides 0 Dexoxadrol hydrochloride-solubility 
profile 0 Etoxadrol hydrochloride-solubility profile 


Relationships organizing solubilities of organic com- 
pounds are of general pharmaceutical interest because 
solubility is usually an important factor in the pharma- 
cokinetic profile of a drug, its chemical stability, and, 
ultimately, its formulation. Present solubility theories 
mainly apply to nonpharmaceutical solvents and non- 
pharmaceutical compounds (1, 2). Due to marked de- 
viation from thermodynamic ideality, aqueous solu- 
tions and aqueous solubilities have particularly resisted 
fundamental interpretation and quantification. Some- 
what surprisingly, solubility interrelationships between 
the charged and neutral species of weak organic elec- 
trolytes have not been fully characterized: even though 
these are qualitatively independent of the ideality of a 
given system. Literature on the subject with respect to 
amines is primarily concerned with the determination 
of dissociation constants by solubility methods. For 
this purpose, Schill (3) published pH-solubility profiles 
for chloroquine, chlorpromazine, and promazine but 
only over a very narrow pH range. Even though papers 
by Green (4), Setnikar (5 ) ,  and Levy and Rowland (6) 
do not contain solubility profiles per se, they do provide 
some of the mathematical relationships governing 
solubilities of amines in aqueous systems. Complete 


pH-solubility profiles for several pharmaceutical 
amines were given recently by Friberger and Aberg (7). 
However, these authors did not characterize total 
solubility in terms of the solubilities of the indepen- 
dently contributing species. 


In the present studies, pH-solubility profiles are 
drawn for two secondary amines, one (I) having anal- 
gesic and the other (11) having dissociative anesthetic 
properties. It will be shown that, while the solubility 
of the amine hydrochloride generally sets the maximum 
obtainable concentration for a given amine, the solu- 
bility of the free base and the pK'a determine the maxi- 
mum pH at which formulation as a solution is possible, 
assuming, of course, that the desired concentration 
exceeds the free base solubility. Obviously, similar 
behavior with a reversal of profile is to be expected for 
organic acids. Therefore, the derived relationships 
will be useful for delineating solubility profiles of other 
weak electrolytes as well. 


In addition, solubility-temperature dependencies in 
simple aqueous systems were investigated for 11. These 


0 , , .HC1 


2,2 -diphenyl-4 -(2'-piperidyl)- 
1 ,3  -dioxolane hydrochloride' 


I 


2-ethyl -2 -phenyl-4 -(2 ' -piperidyl) - 
1,3 -dioxolane hydrochloride' 


I1 


1 The official USAN name for I is dexoxadrol hydrochloride [(+)-2- 


* The official USAN name for I1 is etoxadrol hydrochloride [(+)-2- 
(2,2-diphenyl-1,3-dioxolan-4-yl)piperidine hydrochloride]. 


(2-ethyl-2-phenyl-l,3-dioxolan-4-yl)piperidine hydrochloride]. 
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Table I-Partitioning of I1 between Chloroform and Water Phases 
as a Function of p H  and a t  Room Temperature 


Buffer 


Chloroform- 
Water Partition 


PH Coefficients 


0 . 5  M succinate 5.0  
0 . 5  M succinate 5 . 5  
0 . 5  M succinate 6.0  
0 .5  M phosphate 6.5  
0 . 5  M phosphate 7.0  
0 .5  M phosphate 7 . 5  


5 
12 
31 


155 
> 650 
> 650 


indicate that the free base solubility is greatly affected 
by temperature but that the hydrochloride is not. The 
expected shift in pK'a to lower values as temperature 
is raised offsets the marked increase in free base solu- 
bility, leaving the pH range in which the sharp break 
in solubility is observed relatively unchanged. As either 
solvent composition is changed by the addition of 
miscible organic solvents or the temperature is raised, 
the solubilities of the free base forms of I and I1 ap- 
proach those of their respective hydrochlorides. In 
these situations, some usual pH profiles are obtained; 
each has a sharp spike at intermediate pH values due 
to the sum of the solubilities of both species being 
significantly greater than the solubility of the hydro- 
chloride alone. 


The present studies also indicate a method of pK'a 
determination using the solubility relationships. Previous 
investigators in this area (3-6) pointed out the difficulty 
of measuring pK'a for amines with very insoluble free 
base species, and they also indicated methods whereby 
solubility itself can be used to obtain reliable pK'a 
values. All of these methods have at their foundations 
the species equilibria discussed in this report. 


EXPERIMENTAL 


Chemicals-Compounds I and I1 were obtained as fractionally 
crystallized materials in a highly purified state. Analyses indicated 
purity to be >99%. The solvents (dimethylacetamide, polyethylene 
glycol 300, chloroform, and methylene chloride) were of the purest 
grade commercially available and were not further processed. Com- 
pression distilled water was used exclusively in sample preparation. 
Buffers were prepared from reagent grade chemicals. 


Solubility Determination-Excess quantities of I and I1 were 
placed in appropriately sized screw-cap vials and a suitable, pre- 
determined amount of water or mixed solvent was added. The 
samples were adjusted to the desired pH with either concentrated 
hydrochloric acid or concentrated sodium hydroxide as necessary 
and at  the temperature of the run. The aluminum-lined caps were 
screwed down as tightly as possible and further sealed with a 
wrapping of parafilm. In the case of I, samples were equilibrated 
a t  ambient temperature (23") using a wrist-action shaker for mixing. 
For I1 the samples were placed in a calibrated constant-temperature 
bath held within 0.05" of the temperature of the run. These were 
mixed by end-over-end rotation. In all cases, samples were equili- 
brated for more than 2 days. 


In certain instances, the solubility of I was also determined by 
approaching equilibrium from high temperature (supersaturation). 
In these instances, the vials were heated t o  60" for 30 min. prior to 
placing them on the wrist-action shaker. Regardless of the equilibra- 
tion method, a t  the end of the equilibration period the samples were 
filtered (I through 0.72 micro-Millipore with prefilter and I1 through 
glass wool pledgets on the ends of warmed pipets) and appro- 
priately sized aliquots were transferred to  tared weighing pans (un- 
buffered aqueous solutions only) or t o  separators already containing 
about an equal amount of 0.5 M phosphate buffer of pH 7. To 
assure complete extraction from the latter solutions with chloro- 
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Figure 1-Typical chromatogram for the assay o f l l .  Th1, peuks jrom 
left to right are: the solvent front, an isomeric impurity O f ' I I ,  Com- 
pound 11, and the internal standard, I-chloroeicosa~ie. The rhrornato- 
graphic cotidifions are given in the Experimental sec/iori . The im- 
purity was not integrated as part of the total area of I1 brcuiise th .  
electronic integrator was set to eliminate its fructional area. 


form, chloroform-water partition coefficients were determined for 
11, the more polar compound, as a function of pH (Table I). 


In the analysis, extraction was accomplished with three portions 
of chloroform. These were pooled and then brought t o  dryness on 
a vacuum evaporator. Where sample weight was the analytical 
procedure, the samples were air dried in a sheltered area in a hood 
and weighed periodically until a constant weight was obtained. 
Weights were recorded to the nearest milligram. 


GLC Procedure-The same GLC procedure was found suitable 
for the analysis of both Compounds I and I1 (with only minor 
instrumental adjustments). The exact procedure used for I1 illus- 
trates the method. One-milliter samples were extracted three times, 
first with a 10-ml. aliquot of chloroform and then with two 5-ml. 
portions. After pooling and drying, the residue was taken up in 
50 ml. of internal standard solution (1.2 g. 1-chloroeicosane in 1 1. 
of methylene chloride). The solutions, including appropriately 
prepared standards, were injected into a gas chromatograph" 
operating as follows: column, 1.2 m. (4 ft.) glass, 3 mm. i.d., con- 
taining Diatoport S (80-100 mesh) coated with 5z SE-52; column 
temperature, 205"; detector temperature, 225"; helium flow rate, 
60 ml./min.; hydrogen flow rate, 35 ml./min.; attenuation, as neces- 
sary-usually 10 X 6; and sample size, 0.6-1.4 MI. 


A typical chromatogram is shown in Fig. 1. Prior to the solubility 
studies, the assay, including the extraction step, was performed with 
standard solutions made to contain 0.054, 0.51 1 ,  and 5.163 mg./ml. 
The averaged results were 0.049 mg./ml. (12 replicates), 0.525 mg./ 
ml. (1 1 replicates), and 5.142 mg./ml. ( 1  1 replicates), with coefficients 
of variation of 3.66, 0.92, and 2.127& respectively. Peak areas were 
automatically integrated with an  integrator 4. 


pK'a Determinations-The same solubility method was used 
with all solutions. The solubility of the free base was determined 
above pH 10 in each system. Using this value, the pH of the selected 
sample, and the total drug concentration in that sample, the pK'a 
was calculated from the usual mass law relationships given in Eqs. 
3 and 8. Multiple-point determinations were used, and the individual 


3 Hewlett Packard F & M  model 402. 
4 Infotronics model CRS-104. 
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Table 11-Solubility of Compound I a t  Ambient Temperature 
(-23") as a Function of pH in Purely Aqueous Environs 


Table 111-Solubility of Compound I a t  Ambient Temperature 
(=23 ") as a Function of pH in Mixed Solvent Systems 


pH of Solubility Experimental Solubility, pH in Solubility by 
Measuremento Methodb mg./ml. Indicated Solventa GLC Assay, mg./ml. 


5.80 
5.87 
6.08 


GLC 
GLC 
GLC 
GLC 


11.50 
11.77 
11.75 


10% Polyethylene Glycol 300 
5.70 14.0 
6.54 14.6 
7.40 6.50 


20 Polyethylene Glycol 300 
5.52 17.5 
6.25 18.5 


6.10 
6.13 
6.40 


11.40 
Grav. 
GLC 
GLC 
GLC 
GLC 


11.37 
12.15 
12.06 
11.50 
11.50 


~. .- 


6.68 
6.68 
6.80 6.96 


7.40 
18.4 
11.3 6.86 


6.90 
Grav. 11 .OO 


9.00 
8.76 
6.93 
7.93 
2.33 


Grav. 
Grav. 
GLC 
GLC 
GLC 


30% Polyethylene Glycol 300 
5.90 20.1 
6.64 14.4 
7.00 20.3 
7.47 20.2 


6.90 
6.91 
6.97 
7.23 
7.55 Grav. 


Grav. 
GLC 
Grav. 
GLC 


2.01 
0.99 
0.46 


7.82 
8.03 
8.24 


7.75 10.0 
3.9 
0.68 
0 .60  


8.20 
10.10 
11.30 


0.45 
0.19 8.48 


9.74 Grav. 0 084 
50% Polyethylene Glycol 300b 


4 . 0  I 28.3 
11.08 
11 .o 


> 10 


GLC- uv 
GLCc 


0.06i 
0.0695 
0 .07  4 . 5  I 29.2 


5 . 0  I 28.9 
5 . 5  I 
6 . 0  I 
6.15 I1 
6 .4  I 


29.5 
28.14 
27.38 
29.5 


a pH of the filtrate after equilibration. b GLC = gas-liquid chroma- 
tography, UV = spectrophotometric measurement (UV absorption), 
and Grav. = gravimetric. c Independent laboratory. 


6.83 I1 
7 . 0  I 
7.41 I1 
7.75 I 


28.14 
28.3 
28.47 
31.6 
30.3 


pK'a values were averaged. In every case the pH chosen was above 
the break in the solubility-pH profile. 


A titration procedure was also utilized with the mixed solvent sys- 
tems (Compound I only) since the free base became sufficiently solu- 
ble to make this analytically convenient. Dilute solutions were ti- 
trated with dilute base, the pH being recorded after each incremental 
base addition. By necessity, very dilute solutions were employed a t  
the lower dimethylacetamide and polyethylene glycol concentra- 
tions and it was necessary to  subtract the titration curve on pure 


7.84 I1 
7.90 I11 27.6 


20.8 
6.70 
3.19 
2.87 


. . ~~~ 


8.20 I1 
8.90 I1 


12.0 I1 
>12.0 IV 


10 Dimethylacetamide 
5 .0  19.6 


h.11-11.5 0.219 


25 % Dimethylacetamide 
5 .0  34.9 


1.11-11.5 0.898 


30 


Except for set I at 50% polyethylene glycol 300, the pH was meas- 
ured after equilibrium. bThe symbols I and I1 refer to two entirely 
independent runs; I11 indicates a single sample containing 10 mg./ml. 
tromethamine buffer, and IV  indicates a value reported by an outside 
laboratory. 


mixed solvent from that of the solution of I to obtain a satisfactory 
potentiometric profile for estimation of pK'a. s c 


2 
m 
3 s 10 


RESULTS 


Solubility and pK'a Determinations on 2,2-Diphenyl-4-(2'- 
piperidyl)-1,3-dioxolane (I)-The solubilities of I a t  room tempera- 
ture (~1.23") in water in solutions of varied pH are tabulated in 
Table 11. These data were determined by several procedures, and 
a perusal of the table indicates that all methods gave comparable 
results. With this compound, the free base contribution to solubility 
a t  23" is negligible at  and below pH 6.5. Using this value as the 
cutoff and averaging the remaining results, a hydrochloride solu- 
bility of 1 I .66 mg./rnl. is obtained. Similarly, above pH 10 the free 
base is the only species of significant concentration, the solubility 
being about 0.067 mg./ml. 


The mixed solvent solubilities as a function of pH are presented in 
Table 111. These are broken down by solvent composition. Only 
the 50% polyethylene glycol system is actually totally characterized, 
although there are sufficient data a t  30% to draw the entire solu- 
bility profile. Only select data points were obtained for the 10 and 
20% concentrations of polyethylene glycol and 10 and 25% con- 
centrations of dimethylacetamide. 


SUCCINATE BUFFER (0.10 M) 


I I I I I 


POLYETHYLENE GLYCOL 300, % 
0 10 20 30 40 50 


Figure 2-Solubility of I i i i  the presetice of succiiiute buffers and iii 


water at low p H  ( p H  < 6 )  arid at ambient tempera/rrre (=23") as a 
fuiictioi? of perceiit polyethpleiie glycol 300 in the system. It will be 
noted wheii compuriiig this plot with Fig. 8 tliat the hydrochloride 
solubilities jit  equally net1 oii liiiear and logarithmic uses. This is due 
to the fuc t  that oiily a slight iiicreuse iiz solubility occiirs as the co- 
soloeiit cciiceiitratioii is raised. 
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Figure 3-Titrcriioti ciirce fbr Compoiiiid I itt 20% polyethyletre 
glycol 300. The iitrutioti wus u f  umbieiit temperutirre, risitig an itiitinl 
cotzreiitrutioti of1 of 0.15 mg./ml. The titrutit W N S  0.05% NuOH solii- 
tioti. Note tlitit  tlir titrutiori of solaetit nlotle cot7siimed sigtiificutit 
urnoutits of'buse utid liud to be subrructed from the overall profile to 
get the uctirul r u r w f o r  I .  


With ultimate formulation in mind, the influence of buffers on the 
ambient temperature solubility as a function of glycol concentration 
a t  pH 6 was also examined. These data were determined using 0.05 
and 0.1 M succinate buffers and are presented graphically in Fig. 
2. The plot indicated that each incremental increase in buffer con- 
centration produces a fixed, incremental decrease in solubility, 
regardless of the polyethylene glycol concentration. Thus, because 
the increment is constant, a 0.1 M buffer depresses the solubility 
only 25% in 50% polyethylene glycol but more than halves the 
solubility in pure water. 


T o  interpret further the solubility data of I and to validate pK'a 
values determined using solubility relationships, pK'a values were 
obtained by an independent titrimetric method in those mixed 
solvent systems where determinations were possible. Figures 3 and 
4 are representative titration curves, the first for low percentage 
polyethylene glycol (2073, where solubility of the free base is 
analytically marginal, and the second for high percentage poly- 
ethylene glycol (SO%;), where the free base is sufficiently soluble so 
that standard methods are applicable. In the case of the 20% poly- 
ethylene glycol system, the titration had to be performed on the sol- 
vent as well as the drug solution and the potentiometric profile was 
obtained by difference. As in the solubility experiments, all titrations 
were performed a t  room temperature. The pK'a values of I ob- 
tained in all solvent systems by both of these methods are compiled 
in Table IV. All were obtained a t  room temperature (-23"). The 
pK'a value for water is an average of four independent calculations 
at  different pH values; the values ranged from 8.7 to 9.0. The pK'a 
values in polyethylene glycol-water binary solvent mixtures differ 
little from those obtained in water alone. The same is true for 2 5 z  
dimethylacetamide. However, values obtained in ethanolic solution 
are significantly smaller than the aqueous pK'a value. 


Solubility Data for 2-Ethyl-2-phenyl-4-(2 '-piperidyl)-1,3-dioxolane 
(11)-The solubilities of I I  in water a t  20" are listed in Table V in 
the order of increasing pH. Qualitatively these mimic the data seen 
for I ;  however, the solubilities of both the hydrochloride and free 
base are multiples (up to  10 times) of the previously treated analog. 
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Figure 4-Titrotioii profile .for Cotiipoiitid I iii 50;< polyetliyletw 
glycol 300. 111 tliis ruse the titrcit?t bvus 1% NuOH um/ tlir iiiitiul 
coticetitrrrtioti uws 3.0 nig./id. Beruiise of the much liiglier drug arid 
titrutit roiicetitrutiotis eniployed, tio estruordiiiury crccoiitititig o f  the 
soliieiii tirrtrtioii properties MIUS tic'cessurj . 


The precise ratios cannot be computed because the temperatures 
of determination differed by about 3". 


Solubilities of TI as a function of pH in 0.05 M succinate buffer 
a t  three temperatures (20, 30, and 40") are compiled in Table VI. 
The pH values in both Tables V and VI were determined a t  the 
end of sample preparation, prior t o  certain equilibrium, and at the 
temperature of the respective solubility experiment. Actual values 
at  equilibrium could have shifted slightly from the pH's recorded, 
although experience with these systems indicated that such changes 
are slight, affecting only the second decimal place. For this reason, 
the values are recorded to the nearest tenth rather than hundredth 
of a pH. It is immediately noticeable that there is a marked increase 
in solubility for the free base as temperature is raised. The hydro- 
chloride is not similarly affected. The dependence of the hydrochlo- 
ride solubility on buffer concentration seen previously with I is 
either absent in this case or masked within the experimental error. 


In Table VII, the pK'a values for TI at each temperature are 
presented. The influence of temperature is seen to be pronounced. 
The variation mainly reflects changes in pKw as temperature is 
raised since pK'a = pKw - pKb and pKb for amines is relatively 
temperature independent. 


Table IV-pK'a Values Obtained for Compound I by All 
Procedures at  Room Temperature (-23") 


Solvent System Method pK'a 


Water Solubility estimate 8 .85 


20 % Polyethylene glycol 300 Titration 8.97 
30% Polyethylene glycol 300 Titration 8.98 


Solubility estimate 9.00 
40% Polyethylene glycol 300 Titration 9.00 
50% Polyethylene glycol 300 Titration 8.98 


Solubility estimate 8.95 
25 Diniethylacetamide Titration 8.85 
SOZ Ethanol Titration 8.38 


(8.7-9.0) 
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Figure 5 --Solubility of1 irr w t r r  crl mibieirl temperrrtwre ( 2 2 3 " )  as a 
fuirctiori of p H .  A11 dnra [ire in milligrums per milliliter colculoted iii 
terms of / r w  btiw cquicalerit. 7lie lilies drrrwir rlrrough the drrtri are 
tlieor~,ticol uiid nvre colcrrluted risiirg 0.067 mg.lml. os the f r t e  base 
solubiliry. 11.5 mg./ml. as tlrc Irydrocliloride solubility, uird 8.85 (IS 


tlic pK'a. Dotu by both grouimetric (0)  mid GLC (0) procediires were 
iir good ugreeimvit. 


spective species but in the absence of micelles, etc., the two solubility 
curves intersect at  a sharp anglqmakinp the pH,,, an easily identifi- 
able reference point. In an uncomplicated system, one can generate 
the entire solubility profile with but three bits of information: solu- 
bility of the hydrochloride salt, solubility of the free base, and the 
apparent dissociation constant. Apparently, this is not generally 
recognized. Friberger and Aberg (7), for instance, drew smooth 
curves through their data, Paailing to identify the high data points 
about pH,,,.,, as the expected solubility trend. 


The isolated effects of each of the species solubilities and the 
pK'a on the shape of the pH -solubility profile are important. Con- 
sider the hypothetical case where the pK'a and free base solubility 
are held constant and the hydrochloride salt solubility varies. As 
the ratio of the hydrochloride salt solubility to the free base solu- 
bility, which is initially assumed to be very much greater than 1, is 
decreased from 10" to 10n- 1, from 1 0 - 1  to etc., and, finally, 
from 10 to 1 ,  the pH,,, drifts along the pH axis to higher values, 
slowly at first but accelerating as a ratio of 1 is approached. Further- 
more, as the ratio approaches 10. the fractional solubility of the 
free base at pH,,,, becomes analytically significant and a noticeable 
peak is formed in the pH-solubility profile. When the individual 
species solubilities become equal, the pH,.. coincides with the 
pK'a and there is a tent-like peak in the plot, the lines forming the 
profile intersecting at  a point twice the solubility of each species 
(the sum of the solubilities of both species). At ratios less than 1, a 
reversal of the trends down to  I is experienced. Of course, ratios 
less than 1 are unlikely for amines but, as will be pointed out later, 
the theory is applicable to  other dissoeiable compounds where the 
roles of the species are essentially reversed. 


I f  the solubility of the free base of a given amine is very small 
relative to the hydrochloride, the free base limiting curve of the 
overall pH-solubility profile cuts deeply into the acidic pH range. 
In such a circumstance, it may not be possible to prepare a solution 
of the amine at sufficiently high pH to obtain adequate stability or to 
ensure physiological compatibility. To get the compound into solu- 
tion at the desired concentration, it is necessary to raise the solubil- 
ity ofthe free base in the system. Roughly, for each 10-fold increase 
in solubility, there is an upward shift in the profile of about a full pH 
unit. As discussed shortly, shifts of this size can be accomplished in 
mixed solvent systems. 


While the pK'a does not determine the shape of the pH-solubility 
profile per se, it does fix the location of this profile on the pH CO- 
ordinate. All other factors being equal, each upward or downward 
shift in the pK'a is matched exactly by an upward or downward 
shift in pH,,,,. This can become of importance in several instances. 
If one chooses a mixed solvent, such as a hydroalcoholic solution, to 
raise the free base solubility but does not take into account the in- 
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Figure 6-The pH-solrihility profile for I iir 30% polyetliylerre glycol 
300 solution UI amhieirr temperature (1.23"). The dora ure iii milli- 
grunis per milliliter free bose eqrricolerits. The free base is suflicieiitly 
soluble so thaf there is u disceniible peuk ur p H , , , ,  !lie point of in- 
tersecrioir of the two curces. The tlrcoretiral curcesJit to !he data were 
cdciiluted usiirg 20.1 mg./ml. (is the lrydroclrloride solubility, 0.60 
mg.lml. us the free bme solubility, aiiri 8.98 as the pK'n. 


fluence of the solvent on the pK'a, that which is gained in solubility 
increase can be offset in part by a decrease in pK'a [i.e., the pK'a 
for I as determined in 50% ethanol (Table IV)]. Additionally, two 
compounds with identical species solubilities might require very 
different handling in formulation due to significant differences in 
pK'a values. It is as important to gauge accurately the pK'a in the 
systems being considered as to have accurately assessed solubilities. 


The difficulty of determination of the pK'a for hydrochlorides 
with very insoluble free bases is well documented. Several workers 
developed methods based on solubility relationships. Green (4). for 
instance, developed a method whereby the pK'a is determined from 
they intercept of a plot of [H;O+] against total solubility. The x axis 
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Figure 7-Tlie pH-solubilit) profile .fbr I iir 50% pdyerhyleire 
glycol solutiorrs at ambierit tempertrtirre ( 5 2 3 " ) .  All dutu are iir 
milligrums per millilirer l i ee  bose equicrrlerrts. The rheorericul curces 
f i t  ro /lie drrtri were culculatcd i4siiig 28.3 mg.lml. CIS /lie hyc1rociilorirle 
solirhility. 3.03 nig./ml. 0s rhvfree hosc soluhiliry. oirr18.98 U S  the pK'a .  
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Figure 8-bguri thm of solubility of each species of I versus percent 
pclyetliyleiie glycol 300 iii  the mixed solverit system. Dutu ure for  
ambient temperature ( 5 2 3 " ) .  Tlie free base dutu ioiquesticiiruhly f i t  
the semilogaritlimic reluiioiisliip. The liydrocliloride salt dutu f i t  
equally well oil a liireur y ccjorrliiiate (Fig. 2) .  


yields the free base solubility with his method. Setnikar ( 5 )  provided 
an alternative method based upon the Druckrey linear titrant scale. 
In an excellent paper, Levy and Rowland (6)  further developed the 
theory and provided a method of accurately determining pK'a 
based upon a knowledge of the free base solubility and the slope of a 
nonlogarithmic plot of the titration during precipitation. An alter- 
native method of determining pK'a, which is simple and accurate, is 
to determine the free base solubility first and then to titrate a hydro- 
chloride solution, prepared to contain l(r20 times the free base 
solubility, to the cloud point (first appearance of precipitation). 
The pK'a can be obtained from the total concentration at  the cloud 
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Figure 9-Solubility of I1 us a .fuirctioii o f p H  ut 20 ' i i i  0.05 M suc- 
ciiiutc~ buff(>r. The dato ure in terms ojmilligrams per milliliter us the 
free base. Tlie tlieoreti(a1 rurces .fit to the dutu were calculated usitig 
52.5 mg./ml. us the hydrochloride solubility, 0.65 mg./ml. u s  the free 
bbse solrrhility, and 9.15 us the pK 'u .  
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Figure 10-~Soliibility q f l l  as u .fuiirtioii o,fpH at 30" iri 0.05 M suc- 
cinute buffer. The duta (ire iii terms of niilligrums per milliliter as the 
free base. Tlie theoretical rurces .fit to thc drrta were calculated risiiig 
60 mg./ml. as the hydrochloride soliihilitJ:, 2.87 Ing./ml. as the free 
base soluhilitv, uird8.50 (is the p K  ' (1. 


point, the free base solubility, and the pH a t  thecloud point from: 


where CT is the starting concentration. It is implicit that the end- 
point can be detected prior to precipitation of sufficient base to 
change the total concentration appreciably. In the present studies, a 
variation on the method was used; pK'a valueswere calculated from 
measured equilibrium solubilities at pH values above PH",. ,~.  


Specific Considerations: Solubilities of 1 and 11-The compounds 
studied here serve as good models for elucidating species solubility 
relationships and their interplay. Neither I nor I 1  forms association 
colloids and, in both cases, the oily amine base appears stable to 
crystallization, eliminating the complication of two independent 
free base forms with independent solubilities. However, the hy- 
drolyses of these compounds are acid catalyzed and they are not 
sufficiently stable to formulate even in moderately acidic solutions 
(pH 5 - 6 3 ) ,  Thus, formulation above pH 6.5 is not only desirable 
from the standpoint of close physiological pH approximation but 
also requisite for obtaining adequate shelflife. 


The solubility data for I in pure water a t  ambient temperature are 
plotted against pH in Fig. 5 .  The fit to the data is virtually exact. I t  
can be readily seen that formulating I a t  concentrations above 5 
mg./ml. and above pH 6.5 would be precarious due to the proximity 
of the solubility-limiting line to the pH 6.5 line. There is no room for 
error in estimation of pH, and drifting of pH in either direction due 
to interaction of the solution with container components would be 
problematic. The pH,,, in this case is a t  6.75. 


The effect of incorporation of a cosolvent is graphically depicted 
in Figs. 6 and 7 where the pH-solubility profiles for 30 and 5OZ 
polyethylene glycol 300 solutions at room temperature are presented. 
At both of these solvent composi!ions, the free base solubility is a 
significant fraction of the total and there is a discernible peak in the 
profile at  pH,,,. The free base concentration as a function of pH is 
indicated by the hash-marked areas below the overall profiles. By 
difference, the height of the open area represents the hydrochloride 
species concentration at  a given pH. As in the previous case, the 
lines drawn through the points were calculated from the individual 
species solubilities and the pK'a. These data are listed for conven- 
ience in the figure titles. The following trends with increasing CO- 
solvent volume fraction are evident: ( a )  the hydrochloride salt be- 
comes more soluble, ( b )  the free base becomes more soluble, and (c) 
the pII- solubility profile is shifted markedly to thc right. The latter 
is evidenced in the pH.,., shifting from 6.75 in the absence of poly- 
ethylene glycol to 7.45 and 8.00 at  30 and 50%, respectively. There 
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Figure 11-Solubility of' I1 us u ,fiiiictiotr of pH ut 40" in 0.05 M 
srrtciiiute buffer. All duta urc in terms of milligrums per milliliter us 
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is no problem in formulating a solution containing as much as 25 
mg./ml. of I at pH 7 in the 50z system. 


In Fig. 8, the species solubilities of Iare plotted semilogarithmically 
against glycol concentration. Interestingly, both show a linear de- 
pendency between log (solubility) and solvent composition. The 
hydrochloride data also appear linear on a linear scale (Fig. 2), so 
the actual dependency for the species is obscured by the smallness of 
the change in solubility as the polyethylene glycol concentration is 
increased. The slope for the free base is 0.033 and is 4.15 times as 
steep as that of the hydrochloride on the logarithmic scale. It is this 
logarithmic dependency of free base solubility on percent non- 
aqueous solvent added that makes it possible to effect a significant 
change in the location of the pH-solubility profile. This is particu- 
larly true for this system since the pK'a was essentially invarient 
over the full solvent range explored (Table IV). 


Solubility relationships for 11 (Tables V and VI) were found to  be 
similar qualitatively to those already discussed. In the case of 11, the 
influence of temperature on the pH-solubility profiles was assessed. 
In Figs. 9-1 1 ,  the respective solubility profiles for 0.05 M succinate 
buffer solutions, at  20, 30, and 40", respectively, are presented. As in 
the previous cases, these data fit the theoretical lines calculated from 
the individual species solubilities and the pK'a. Again, there is a 
good fit to the data. It is readily apparent from these three plots that 
the hydrochloride salt solubility is only slightly influenced by tem- 
perature. On the other hand, the free base solubility is highly de- 
qendent on temperature and increases almost 19-fold over the 20" 
temperature span. Unlike the situation with I in the binary solvent 
systems, a marked displacement of the pH-solubility profile t o  
higher pH is not commensurate with this large solubility increase 
because of an expected, offsetting change in the pK'a. It drops from 
9.14 at 20" to 7.92 a t  40". That these two influences virtually cancel 
each other is seen in the fact that the pH,,, changes by onlyO.l pH 
unit over this temperature range. 


Substitution of one phenyl group in I with an ethyl moiety pro- 
duces profound changes in the solubilities of both hydrochloride and 
free base species. The effect is greatest on the free base, which is ap- 
proximately 10 times more soluble for I1 than I. The solubility of the 
hydrochloride of I1 is only about five times that of I (interpolated 
graphically at  the same temperature). The net effect of the solubility 


improvement is that solutions of I1 can be prepared in pure water or 
dilute buffer t o  contain up to 50 mg./ml. a t  ambient temperature and 
above the minimum pH (pH 6.5) required for adequate stability. 
Thus, I1 can be formulated without recourse to  mixed solvent sys- 
tems. 


The solubility temperature dependencies of the individual species 
of I1 are indicated in Fig. 12. This is a semilogarithmic plot of solu- 
bility against reciprocal temperature. The slopes of such plots (or 
the tangent to a given curve a t  a given temperature in the case of a 
nonlinear plot) yield the differential heat of solutions of the respec- 
tive species. Usually such curves are nonlinear and AH, values are ob- 
tained calorimetrically a t  a given temperature (10). In this case, over 
this limited temperature span, the plots appear linear and rough 
estimates of AH, are possible. The value for the hydrochloride is 
2.12 kcal./mole; for the free base, it is 15.4 kcal./mole. The relative 
species temperature dependencies, the free base >> hydrochloride, 
are in accord with the literature (11). However, the magnitudes of 
the values are unprecedented. Many hydrochlorides have negative 
heats of solution, with their respective free bases having heats of 
solution in the 4-8-kcal./mole range (1 1). The origin of the qualita- 
tive disparity between literature A H ,  values on more traditional 
amines and their hydrochlorides and the species heats of solution of 
I1 is not really known. The highly polar nature of I1 and the method 
of measurement (in saturated solution) may be contributive. 


Miscellaneous Aspects Relevant to Formulation of Amines- 
Based on experience to date, neither Compound I nor I1 has a 
crystalline form of the free base. While this is not unusual for amines, 
it also cannot be considered the general case. It is possible that a 
solution could be prepared subsaturated with respect t o  the meta- 
stable oily free base but supersaturated with respect to the crystalline 
free base form. Copious free base crystallites might develop. Green 
(4) cited two instances where this phenomenon was likely operative. 
The solubility for the free base of perphenazine was dependent on 
the procedure used; direct measurement in 0.01 N NaOH yielded a 
value about one-third of that found by titration. Furthermore, 
Green cited a reported solubility for chlorpromazine at  20" which 
was less than half the one he obtained. Crystalline chlorpromazine 
base is prepared only with difficulty, making it likely Green's solu- 
bility was for the liquid form. Therefore, a good precaution in 
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SALT 


A H s  2.1 KcaVmole 


FREE BASE 
A H s  = 15.4 Kcal/mole 
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formulating amine salt solutions of concentration greater than the 
free base solubility is t o  adjust the pH of the system so that it is a t  
least a half pH unit from the solubility-limiting line. 


Because amine solutions are poor self buffers in the pH range 
where they are totally in solution (as the protonated species), drift- 
ing of pH, particularly to  more acidic values, is a real formulation 
problem. In the case of I in unbuffered systems, significant down- 
ward pH drifts were experienced in containers in which the solutions 
had contact with rubber components, particularly in disposable 
syringes. This was disastrous for this compound in terms of its 
chemical stability. In the general situation, pH shifts to more alka- 
line values are also possible. The latter could lead to  oiling out of 
free base in sensitive systems. Both possibilities should be avoided. 
Thus, a buffer should be considered for each formulation. However, 
as evidenced in Fig. 2, the selection of a buffer and its concentration 
must be done with an eye to the buffer’s influence on the amine 
solubility. The data in Fig. 2 are only for succinate buffers; data 
were also obtained for citrate and acetate buffers, each a t  a 0.05 M 
concentration, and the effect was qualitatively and quantitatively 
similar. A 0.05 M tromethamine buffer, on the other hand, did not 
produce as pronounced a depression of the solubility. 


The influence of the succinate buffer (Fig. 2) is not interpretable 
unambiguously with the limited data, but salt formation cannot be 
ruled out. This raises another point about these systems: salts other 
than hydrochlorides will have different pH-solubility profiles. One 
method of improving the solubility picture in the acid pH range is 
to find a more soluble salt. However, since the dissociation depicted 
in Eq. 1 will be little affected by the salt anion chosen, solubility in 
the region of free base control will be negligibly influenced. 


Since the dissociations of carboxylic acids and other acidic organic 
species parallel those discussed here for organic hydrochlorides, it is 
expected that their pH-solubility profiles can be characterized theo- 
retically using the same treatment. In the special case of carboxylates 
the roles of the two species will be reversed, the free acid being much 
less soluble than the corresponding anionic base. Qualitatively, mir- 
ror image profiles with respect t o  the amine hydrochlorides will be 


obtained and the insolubility of the free acid will determine the 
minimum pH at which total solution is possible at  a given concentra- 
tion in excess of the free acid solubility. Thus, in carefully character- 
izing the amine hydrochloride system, the foundations for treatment 
of other weak electrolytes with respect to relative species solubilities 
have been laid. 
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Inhibition of Platelet Aggregation by Bisulfite-Sulfite 


KIYOMI KIKUGAWA‘ and KAZUHIRO IIZUKA 


Abstract Blood platelets aggregate in hemostasis and thrombosis. 
The effect of bisulfite-sulfite, which is frequently added as an  anti- 
oxidant in injections, on platelet aggregation was examined accord- 
ing to the method of Born and Cross. It was found that the agent 
( 10-3-10-2 M )  inhibited adenosine diphosphate- and collagen- 
induced aggregation of rabbit platelets in platelet-rich plasma. The 
platelets that had almost lost their aggregating capacity by treat- 
ment with the agent recovered the capacity when they were treated 
with plasma for the long period. The inhibitory profile of the agent 
was characteristic, and the agent progressively deaggregated the 
platelet aggregates. The presence of other blood cells such as eryth- 
rocytes had little influence on the effects of the agent on platelets. 


Keyphrases Platelet aggregation-inhibition by saline bisulfite- 
sulfite 0 Inhibition of platelet aggregation-saline bisulfite- 
sulfite 0 Bisulfite-sulfite-inhibition of platelet aggregation 


Bisulfite or sulfite has been frequently added as an 
antioxidant i n  injections and used as an antiseptic. 
Halaby and Mattocks (1) and Wilkins et al. (2) demon- 
strated that the agent possesses great affinity for blood 


and nonspecific toxicity for tissues. Recent studies on 
the biopolymers such as nucleic acid (3-6), proteins 
(7, 8), and lipids (9) showed that the agent readily modi- 
fied these biopolymers to cause mutation or damage to 
the functions of the biopolymers. However, little is 
known about the actions of bisulfite or sulfite on mam- 
malian blood cells. 


During this investigation of platelet aggregation, 
it was found that the functions of platelets were greatly 
altered by a bisulfite-sulfite mixture. Blood platelets 
are known to aggregate in hemostasis and thrombosis, 
and compounds that inhibit platelet aggregation have 
been extensively investigated (10). The authors now 
wish to report the strong inhibitory activity of bisulfite- 
sulfite on platelet aggregation. 


MATERIALS AND METHODS 


Materials and methods were partly described in the previous 
papers (11, 12). A mixture of sodium bisulfite and sulfite was ob- 
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Conformation Dependency of Antibodies to 
Poly(~-tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-'"C Ethyl Ester 


BRIAN J. JOHNSON 


Abstract 0 The synthesis of poly(L-tyrosyl-E-N-L-glutamyl-L-lysyl- 
L-alanylglycy1)glycine methyl ester (1) is described. This material 
neither crossreacts with antibodies to poly(L-tyrosyl-L-glutamy1-L- 
alanylg1ycyl)glycine-l-~4C ethyl ester nor inhibits the precipitin re- 
action between these antibodies and the homologous antigen. It was 
concluded that this lack of crossreaction and inhibitory properties of 
I is due to the antibodies to poly(L-tyrosyl-L-glutamyl-L-alanylgly- 
cyI)glycine-l-lC ethyl ester being highly dependent on the conforma- 
tion of their homologous antigen. 


Key phrases0 Poly(L-tyrosyl-L-glutamyl-L-alanylglycyl)glycine- lJ4C 
ethyl ester-synthesis, conformation dependency of antibodies 0 
Antigens, polypeptide produced-conformation dependency to 
poly(L-tyrosyl-L-glutamyl-L-alanylglycyl)glycine-l-14C ethyl ester 
0 Polypeptides, linear-synthesis, immunochemical properties 


It recently was reported that antibodies to  the poly- 
peptide poly(~-tyrosyl-~-glutamyl-~-alanylglycyl)gly- 
cine-1-l4C ethyl ester (1-3) are most probably dependent 
on the conformation of the antigen (4). To investigate 
this point further, it was necessary to construct a poly- 
mer that possessed a similar order of amino acids as the 
antigen poly(L-tyrosyl-L- glutamyl - L - alanylglycy1)gly- 
cine-l-14C ethyl ester but that differed markedly from 
it in conformation. This article reports the synthesis, 
as outlined in Scheme I, and immunochemical properties 
of poly(L-tyrosyl-t-N-L-glutamyl-L-lysyl-L-alanylglycyl)- 
glycine methyl ester (I). 


CHEMISTRY 


The polymerizing unit, 0-benzyl-L-tyrosyl-c-N-benzyloxycar- 
bonyl-L-lysyl-L-alanylglycine pentachlorophenyl ester h ydtochloride 
(V), and the necessary intermediates for its preparation were synthe- 
sized as detailed in the Experimeritul section. The polymerization 
was performed at  a reagent concentration of 100 mmoles/l. in the 
presence of a preformed monomer, since this has been shown t o  pro- 
duce linear high molecular weight polypeptides ( 1 ,  2,5-12). Follow- 
ing this established procedure, the insoluble polymer, poly(0-ben- 
zyl - L - tyrosyl - c - N - benzyloxycarbonyl - L - lysyl - L - alanylgly- 
cy1)glycine methyl ester (VI), was prepared, from which the protect- 
ing groups were removed by the use of anhydrous hydrogen bromide 
in t rifluoroacetic acid to yield poly(L-tyrosyl-L-lysyl-L-alanylglycy1)- 
glycine methyl ester (VII). After extensive dialysis to remove low 
molecular weight polymers and cyclic materials, it was lyophilized 
and coupled to  N-benzyloxycarbonyl-y-fert-butyl-L-glutamic acid 
pentachlorophenyl ester (1 3). The protecting groups were removed 
from the resulting polymer by the use of anhydrous hydrogen bro- 
mide in trifluoroacetic acid to yield poly(L-tyrosyl-6-N-L-glutamyl- 
L-lysyl-L-alanylglycy1)glycine methyl ester (I). After extensive dialy- 
sis, the polymer was purified and fractionated by passage through a 
calibrated column of Sephadex G-50 (14). By this means, the molec- 
ular weight of the polypeptide was found to be 2 X lo4. 


IMMUNOCHEMISTRY 


mcg. of I was used. Inhibition studies were also performed to  inves- 
tigate the possibility that the polypeptide I could be a hapten for 
the antigen poly(~-tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-~~C 
ethyl ester. Incremental amounts of the polypeptide I were added to 
aliquots of antiserum to poly(L-tyrosyl-L-glutamyl-L-alanylglycy1)- 
glycine-l-14C ethyl ester containing a known amount of the antigen. 
No inhibition of the precipitin reaction was observed in the presence 
of up to  10,000 mcg. of the polypeptide I .  


CONCLUSIONS 


Previous work indicated that antibodies to poly(L-tyrosyl-L-glu- 
tamyl-L-a1anylglycyl)glycine- l-14C ethyl ester are most probably 
dependent upon the conformation of the antigen. To investigate this 
point further, poly(L-tyrosyl-t-N-L-glutamyl-L-lysyl-L-alanylglycyl)- 
glycine methyl ester (I) was synthesized by substituting the glutamyl 
residue with the 6-N-L-glutamyl-L-lysyl residue. Due to this displace- 
ment, the spacial orientation of the various residues of I should be 
considerably different from that of the antigen poly(L-tyrosyl-L- 
glutamyl-L-alanylglycyl)glycine-l-l4C ethyl ester. It was shown that 
the polypeptide I does not crossreact with antibodies produced by 
poly(L-tyrosyl-L-glutamyl-L-alanylglycyl)glycine-l-~~C ethyl ester, 
nor does it inhibit the precipitin reaction between this antiserum and 
the homologous antigen. Thus, it was concluded that antibodies pro- 
duced poly(~-t  yr osyl-~-glut am yl-~-alanylgl ycy1)gl ycine- 1 - 'C 
ethyl ester are highly dependent on the conformation of the antigen. 


, 


by 


EXPERIMENTAL' 


N - ter t  - Butoxycarbonyl - 0 - benzyl - L - tyrosyl - E - N - benzyl- 
oxycarbonyl-L-lysyl-L-alanylglycine Methyl Ester (11)-To a solution 
of 13.3 g. (0.029 mole) of 6-N-benzyloxycarbonyl-L-lysyl-L-alanylgly- 
cine methyl ester hydrochloride (15) in 200 ml. of methylene chlo- 
ride was added 17.8 g. (0.029 mole) of N-butoxycarbonyl-O-benzyl- 
L-tyrosine pentachlorophenyl ester (16) and 3.03 g. (0.03 mole) of 
triethylamine. The reaction mixture was stirred overnight at  room 
temperature and then concentrated under reduced pressure to  yield 
a solid. This material was dissolved in ethyl acetate, washed with a 
10% citric acid solution and water, and then dried. The solution was 
concentrated under reduced pressure to  yield a solid, which was 
chromatographed on a column of ScilicAR CC-7 using chloroform- 
methanol (1:l) as the eluent t o  yield 15.5 g. (69%), m.p. 158-159"; 
[a]: -3.8" (c 2.4 in dimethylformamide). 


Anal.-Calc. for C41Hj3N501u: C, 63.5; H, 6.9; N, 9.0. Found: 
C.  63.2; H, 7.0; N,  8.8. 


N - t e r t  - Butoxycarbonyl - 0 - benzyl - L - tyrosyl - e - N-benzyl- 
oxycarbonyl-L-lysyl-L-alanylglycine (111)-To a solution of 15 g. 
(0.0194 mole) of the tetrapeptide I1 in 200 ml. of methanol was added 
20 ml. of 1 N KOH. The mixture was stirred at  room temperature 
for 90 min. and then was evaporated under reduced pressure to give 
an oil. This material was flooded with a 10% citric acid solution, 
extracted into ethyl acetate, and then washed with water and dried 
(sodium sulfate). This solution was concentrated under reduced 
pressure to give a solid, which was crystallized from ethyl acetate- 
hexane to yield the tetrapeptide free acid, 14.1 g. (9479, m.p. 185- 
186"; [a]g -7.9" (c 2.1 in dimethylformamide). 


Anal.-Calc. for C4uHuNj01u:  C, 63.1 ; H, 6.75; N, 9.2. Found: 
C, 62.9; H, 6.8; N, 9.4. 


N - ter t  - Butoxycarbonyl - 0 - benzyl - L - tyrosyl - e - A' - benzyl- 
oxycarbonyl-L-lysyl-L-alanylglycine Pentachlorophenyl Ester (1V)- 


Incremental smounts of the polypeptide I were added to aliquots of 
antiserum to poly(L-tyrosyl-L-glutamyl-L-alanylglyc~l)glycine- 1 - 1JC 
ethyl ester. No precipitin reaction was observed when up to 10,000 


1 Melting points were taken on a Mel-temp apparatus and are un- 
corrected. 
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Scheme I 


To a solution of 14.0 g. (0.0184 mole) of the tetrapeptide free acid 111 
in 500 ml. of methylene chloride were added 5.85 g. (0.022 mole) of 
pentachlorophenol (PCPOH) and 9.33 g. (0.022 mole) of l-cyclo- 
hexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluene sulfo- 
nate (CDI). The mixture was stirred overnight and concentrated 
under reduced pressure to give a solid. This material was suspended 
in ethyl acetate and washed with water. The organic layer was dried 
(sodium sulfate) and concentrated under reduced pressure to give 
a solid, which was crystallized from methanol to yield the tetra- 
peptide activated ester, 12.1 g. (66.7%), m.p. 240"; [a]: - 13.9" 
(c 0.9 in dimethylformamide). 


Ad-Ca lc .  for CaoHaoClaNoOlo: C, 54.7; H, 5.0; N, 6.9. Found: 
C, 54.9; H, 5.3; N, 6.8. 


0 - Benzyl - L - tyrosyl - c - N - benzyloxycarbonyl - L - lysyl - L- 
alanylglycine Pentachlorophenyl Ester Hydrochloride (V)-To 12.0 
g. (0.01 19 mole) of the tetrapeptide pentachlorophenyl ester IV was 
added 44 ml. of 1 N hydrogen chloride in glacial acetic acid. The re- 
action mixture was stirred a t  room temperature for 30 min. and 
then concentrated under reduced pressure to give the hydrochloride. 
This material was crystallized from methanol-ether to yield 8.2 g. 
( 7 3 3 .  m.p. 250'; [a12 - 12.7" (c 1.2 in dimethylformamide). 


Atiul.---Calc. for CIIHasCIsN:,Os: C, 52.0; H ,  4.6; N, 7.4. Found: 
C,  52.3; H,4.7; N,7.2. 


Poly(L-tyrosyl-L-lysyl-L-alanylg1ycyl)glycine Methyl Ester (VII) 
-To a solution of 2 mg. of glycine methyl ester hydrochloride in 5 
ml. of dimethyl sulfoxide containing 2.5 g. (0.0247 mole) of triethyl- 
amine was added a solution of 7.5 g. (0.0079 mole) of the polymeriz- 
ing unit V in 74 ml. of dimethyl sulfoxide. The reaction mixture 
was shaken for 1 week, after which the precipitated polymer was 
collected by centrifugation. This material was washed with three 
35-ml. portions of water, three 35-ml. portions of methanol, and 
three 35-ml. portions of ether and then dried to  give 2.9 g. (51 7;) 
of the fully protected polymer. This material was treated with 200 
ml. of trifluoroacetic acid through which was bubbled dry hydro- 


gen bromide gas for 2 hr. The solution was concentrated under re- 
duced pressure to  yield a solid, which was washed thoroughly with 
ether. This material was dissolved in 50 ml. of 2 N HC1, dialyzed 
against 20 1. of distilled water over 2 days, and then lyophilized to 
yield 1.0 g. (27.8%) of the free polypeptide I. Amino acid ratios 
found in an acid hydrolysate were: Tyrl.oLysl.oAlal.oG1y~,~. 


P o l y ( ~  - tyrosyl - t - N - glutamyl - L - lysyl - L - alanylglycy1)gly- 
cine Methyl Ester (1)-To a suspension of 0.6 g. (0.00132 mole) of 
the polypeptide VII in 100ml. of dimethylformamide was added 3 g. 
(0.0051 mole) of N-benzyloxycarbonyl-7-terr-butyl-L-glutamk acid 
pentachlorophenyl ester (13). The mixture was shaken for 1 week, 
and the crude polypeptide was precipitated by the addition of 500 ml. 
of water; this was collected, washed with methanol and ether, and 
dried under vacuum. This material was suspended in 200 ml. of tri- 
fluoroacetic acid, and dry hydrogen bromide was bubbled through 
the solution for 2 hr. The solution was concentrated under pressure 
to yield a solid. The solid was washed thoroughly with ether, dis- 
solved in water by the addition of 4 N NaOH to pH 7.5, dialyzed 
against 15 1. of distilled water, and then lyophilized to yield the poly- 
peptide I as its sodium salt, 0.5 g. (68 %). Amino acid analyses of an 
acid hydrolysate showed : Tyrl ,lLys,,cG1ul.oAlal.oGly~.~. 


Molecular Weight Determination-A calibrated column of Sepha- 
dex G-50 (2.5 X 38.0 cm.) was employed for the molecular weight 
determination. With 0.15 M NaCl as eluent, 4 mg. of the sodium 
salt of the polypeptide I was passed through it and the polypeptide 
was eluted in a volume equivalent to that corresponding to a molecu- 
lar weight of 2 X lo4. 


Immunochemical Procedures-To 1-ml. aliquots of rabbit anti- 
serpm to poly(~-tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-~~C 
ethyl ester were added incremental amounts of up to 10,000 mcg. of 
the polypeptide I. N o  precipilin reaction was observed. 


To 1 -ml. aliquots of the rabbit serum to poly(L-tyrosyl-L-glutamyl- 
~-alanylglycyl)glycine-l-~*C ethyl ester were added incremental 
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amounts of up to 10,000 mcg. of the polypeptide I. To each tube was 
added the equivalent point amount of the homologous antigen (30 
mcg.). and the tubes were then incubated at 37" for 1 hr. After 
standing at 4" for 48 hr.. the precipitates were collected, washed 
twice with buffer (0.05 M K2HPOn-NaOH, pH 7.0), and collected by 
centrifugation. The total amount of protein precipitated was esti- 
mated by nitrogen analysis (Kjeldahl). No inhibition of the pre- 
cipitin reaction was observed using the polypeptide I. 
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Correlations between In Vitro Transport in a 
Three-Phase Model Cell and In Viuo Absorption of a 
Series of Sulfanilamides 


MATTHEW A. AUGUSTINE* and JAMES SWARBRICK' 


Abstract 0 A three-phase model cell, employing a liquid lipid 
barrier, was used to establish correlations between reported in 
uiuo absorption data and experimentally determined in uitro trans- 
port rates for a series of "-substituted heterocyclic sulfanilamides. 
These studies, using isopentyl acetate as the lipid phase, involved 
the effect of pH on the rate constants for three derivatives and the 
effect of the N1-substituent on the overall transport for unionized 
species. Correlations were made between the in oitro data and in oivo 
gastric, intestinal, and rectal absorption data, indicating the utility 
of this model to simulate passive drug absorption. Transport rates 
and partition coeficients were also found to be related. 


Keyphrases Sulfanilamides-correlations between in uifro trans- 
port in three-phase model cell and in uiuo absorption IJ Cell, three- 
phase model-in oitro transport-in uiuo absorption correlations, 
sulfanilamides Absorption, in uiuo--correlated to in uitro trans- 
port, three-phase model cell, sulfanilamides, liquid lipid barrier 


There are several types of three-compartment kinetic 
models in use to simulate the transport of drugs across 
biological membranes, especially the GI tract. These 
systems were classified and reviewed recently by Herzog 
and Swarbrick (1). Those in uitro systems utilizing a 
solid membrane have an obvious advantage in that 
they more closely resemble the in viuo situation. How- 
ever, one advantage of using a liquid lipid to  form the 
membrane phase is the ease with which the composi- 
tion of the latter can be varied. This readily permits in- 
vestigation of such factors as lipid polarity ( 2 )  and 
solubility parameter (3). Three-compartment model 


cells employing a liquid lipid membrane phase have been 
used in several attempts to  establish correlations be- 
tween in vitro and in vivo transport processes. Agostini 
and Schulman (4) used the so-called "Schulman cell" to 
investigate ion flux and water migration across bio- 
logical membranes. Perrin (5) and Augustine and Swar- 
brick (2) reported using this cell in studies designed to  
simulate the GI absorption of drugs. In addition to  the 
lipid phase composition, it was shown that stirring rate, 
the surface to  volume ratio of the phases, and tem- 
perature also affect the transport rate constants ob- 
tained (2). To  date, however, no work has been re- 
ported using this cell to  study a homologous series of 
compounds. 


The present study reports the in uitro transport rates 
of a series of N1-substituted heterocyclic sulfonamides 
determined using a Schulman-type liquid lipid trans- 
port model. Correlations between the in vitro transport 
rates, partition coefficients, and in viuo absorption data, 
taken from the literature for the same compounds, are 
described. 


EXPERIMENTAL 


Materials-The following chemicals were used as received (the 
figures in parentheses give the determined melting points which, 
in all cases, corresponded to literature values): sulfanilamide (164.5- 
166.5"), sulfathiazole (200-204"), sulfamerazine (234-238"), sul- 
famethazine (198-199"), sulfapyridine (191-193"), and sulfisoxazole 
(194"). The buffer ingredients were reagent grade and were used as 
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Effects of Certain Nonsteroid Anti-Inflammatory Drugs, 
Tolbutamide, and Tetrahydroalstonine on Blood Glucose and 
Carrageenin-Induced Pedal Edema in Rats 


ALBIN B. KOCIALSKI*, FRED J. MAROZZI, Jr.t, and MARVIN H. MALONE‘ 


Abstract 0 Relative oral potencies for preventing carrageenin-in- 
duced pedal edema in rats were, in the order of increasing effective. 
ness: tetrahydroalstonine, phenylbutazone, tolbutamide, cryo- 
genine, chlorpromazine hydrochloride, tetrabenazine, and indo- 
methacin. Pedal injection of carrageenin elevated blood glucose, 
and phenylbutazone appeared to be the only drug tested clearly 
capable of blocking this hyperglycemic effect at an anti-inflam- 
matory dosage. In the absence of carrageenin injection, all of the 
test agents elevated blood glucose 7-13 hr. after their administra- 
tion. In rats with alloxan-induced hyperglycemia, orally adminis- 
tered tetrahydroalstonine was effective in reducing elevated blood 
glucose, as was tolbutamide and subcutaneous protamine zinc 
insulin. Cryogenine raised blood glucose levels even further, while 
tetrabenazine did not alter the hyperglycemia significantly. 
Keyphrases 0 Anti-inflammatory drugs, nonsteroid-ffect on 
blood glucose and carrageenin-induced pedal edema, compared to 
tolbutamide and tetrahydroalstonine, rats 0 Tolbutamide- 
effect on blood glucose and carrageenin-induced pedal edema, 
compared to nonsteroid anti-inflammatory drugs and tetrahydro- 
alstonine, rats 0 Tetrahydroalstonine-effect on blood glucose and 
carrageenin-induced pedal edema, compared to nonsteroid anti- 
inflammatory drugs and tolbutamide, rats 0 Blood glucose levels- 
effect of nonsteroid anti-inflammatory drugs, tolbutamide, and 
tetrahydroalstonine, rats 0 Edema, carrageenin-induced pedal- 
effect of nonsteroid anti-inflammatory drugs, tolbutamide, and tetra- 
hydroalstonine 


While most clinically effective anti-inflammatory 
drugs are organic acids, Kaplan et al. (1) reported that 
cryogenine, an alkaloid isolated from Heimia salicifolia 
Link and Otto, was effective experimentally for both 
acute (carrageenin-induced pedal edema) and chronic 
(adjuvant-induced polyarthritis) inflammatory states. 
Cryogenine (vertine) has been shown to have some selec- 
tive CNS effects (2), and tetrabenazine bears some 
structural resemblance to certain possible metabolic 
products of cryogenine. Both chlorpromazine (CNS and 
peripheral effects) and tetrabenazine (negligible periph- 
eral effects) have been shown to be effective against 
carrageenin-induced inflammation (3) ; moreover, recent 
screening in this laboratory indicated that tetrahydro- 
alstonine, an alkaloid isolated from Yinca rosea Lynn 
(Cantharanthus roseus G. Don), was also effective (4). 


cryogenine tetrahydroalstonine 


Since tetrahydroalstonine has been reported ( 5 )  to 
have some antihyperglycemic activity, and since most of 
the clinically effective anti-inflammatory agents can 
modify blood glucose levels, it was of interest to inves- 
tigate the effect of cryogenine and selected other agents 
upon blood glucose. 


EXPERIMENTAL 


Carrageenin-Induced Pedal Edema-At - 24 hr., adult healthy 
male rats of the Wistar strain’, formerly maintained with free access 
to laboratory chow’ and tap water, were placed on fast in individual 
cages with wide-mesh screen floors to prevent coprophagy. Tap 
water was allowed ad libitum. At - 1 hr., these animals were dosed 
( 5  ml./kg.) with either the test drugsJ or the 0 . 2 5 z  agar dosage 
vehicle. Oral administration was selected to avoid the parenteral 
“counterirritant” effect which can modify carraeeenin-induced 
pedal edema. Right hind-paw volume was measured plethysmo- 
graphically (3, 6) just after injecting 0.1 ml. of 1 % carrageenin‘ in 
distilled water into the right hind-paw plantar aponeurosis at 0 hr. 
Paw volume was determined again at + 3  and + 5  hr., and the per- 
cent change from the respective 0-hr. value was used as the experi- 
mental parameter. 


Blood Glucose Determination-Not less than 0.6 and not more 
than 0.9 ml. of blood was collected by direct cardiac puncture from 
the animals at +6 and +12 hr. To permit collection, each rat was 
anesthetized with 30 mg./kg. of sodium pentobarbital intraperi- 
toneally. Glucose content was determined colorimetrically in the 
manner of Nelson (7). Tabular means represent not less than seven 
nor more than 14 determinations at each log time interval. 


Alloxan-Induced Diabetes-Young, healthy, male Sprague- 
Dawley ratsb, which had been maintained with free access to lab- 
oratory chow* and tap water, were placed in individual containers 
and fasted 48 hr. with free access allowed to 5 %  dextrose solution. 
At the end of this period, 100 mg./kg. of alloxan monohydrate was 
injected intraperitoneally, using 0.25% agar as the vehicle (5  ml./ 
kg.), and the fast was broken. Animals not manifesting positive 
glycosuria’ within 3 days then received a second injection of alloxan 
monohydrate (1 60 nig./kg.). If negative glycosuria was still present 
after another 3-day period, a third injection of alloxan monohydrate 
(160 mg./kg.) was made. Rats manifesting positive glycosuria for 
3 consecutive days were placed on fast at -24 hr. and were 
injected subcutaneously at 0 time with 10 units/kg. of protamine 


1 Obtained from E. G. Steinhilber Co., Oshkosh, Wis. 
* Purina. 
8 Sources of the test drugs were: phenylbutazone, Geigy Pharrna- 


ceuticals, Ardsley. N. Y.; indornethacin, Merck Sharp & Dohme Re- 
search Labs, West Point, Pa.; chlorprornazine hydrochloride, Smith 
Kline & French Labs, Philadelphia, Pa.; tetrabenazine, Hoffmann-La 
Roche, Inc., Nutley, N. J . ;  and tolbutamide, The Upjohn Co., Kala- 
mazoo, Mich. Cryogenine was obtained from Dr. A. E. Schwarting, 
Division of Pharmacognosy, University of Connecticut, Storrs, Conn., 
and Dr. M. M. El-Olemy, Department of Pharmacognosy. University of 
Nebraska, Lincoln, Nebr. The cryogenine (mol. wt. 435.53) used in this 
study was isolated from Mexican Heimia salicifolia and IS not the same 
compound as the tradename product Cryoghine (phenylsernicarbazide. 
mol. wt. 151.2). a specialty of Lumibre of Lyons, France, and distributed 
by Laboratoires Sarbach of Chbtillon, France. Tetrahydroalstonine 
was provided by Dr. N. R .  Farnswofth,, Department of Pharrnacognosy 
and Pharmacology, University of Illinois. Chicago, Ill. 


Sea Kern Type I, lot 312503, Seaplant Chemical Corp., New Bed- 
ford, Mass. 


Cox Laboratory Supply, Indianapolis. Ind. 
Positive glycosuria was defined as > 2$ glucose in the urine as 


detected by Clinitest tablets (Arnes Co., I&., Elkhart, Ind.). 
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Table I-Relative Anti-Inflammatory Evaluation of Selected Drugs against Carrageenin-Induced Acute Pedal Edema in Rats 


Oral - Mean Percent Change in Paw Volume, ml. 
Drug Dosage, I -Without Carrageenin With Carrageenin 


Administered mp./kg. +3 hr. P +5 hr. P +3 hr. P +5  hr. P 


Agar vehicle - - 11.2(4.0)a - -10.9(3.7) - +91.0(3.7) - +89.6(2.4) - 
Phenylbutazone 125.0 +2.3(2.4) < O . O l b  -3.X2.1) >0.05b +41.7(5.6) <O.OOlb +49.2(4.3) < O . O O l b  
Indomethacin 1 2 . 5  -1.q1.4) <0.05 -2.6(1.2) <0.05 +54.1(4.3) <0.001 +56.3(3.6) <0.001 
Chlorpromazine 100.0 -1.2(1.2) >0.05 -0.6(1.6) <0.05 +44.0(2.8) <0.001 +54.2(2.7) <0.001 


Tetrabenazine 37.5 +1.9(1.2) <0.005 +1.8(1.4) <0.005 +53.7(1.7) <0.001 +60.7(3.8) <0.001 
Cryogenine 100.0 -1.q1.7) <0.05 -4.3(1.5) >0.10 +51.8(4.6) <0.001 +55.1(4.6) <0.001 
Tetrahydroalstonine 125.0 -t4.4(0.9) <0.001 -1.7(1.5) <0.05 +58.2(3.6) <0.001 +71.4(3.0) <O.OO~ 
Tolbutamide 100.0 -2.2(1.4) >0.05 -0.3(1.5) <0.05 +75.6(4.2) <0.025 +80.1(3.1) <0.025 


hydrochloride 


~~ ~~~ ~ ~~ ~ 


a Figures in parentheses indicate the calculated standard error ofthe listed mean. b Indicates the level of significance relative to corresponding values 
in animals receiving only the agar vehicle orally. 


Table 11-Relative Blood Glucose Levels after Oral Drug Treatment in Rats with and without Pedal Injection of Carrageenin 


Drug Administered 


Agar vehicle 
Phenylbutazone 
Indomet hacin 
Chlorpromazine 


hydrochloride 
Tetrabenazine 
Cryogenine 
Tetrahydroalstonine 
Tolbutamide 


Oral 
Dosage, 
mg./kg. 


- 
125.0 
12.5 
100. 0 


37.5 
100.0 
125.0 
100.0 


~ ~~~~ 


7 Mean Blood Glucose, mg.z 
, Without Carrageenin- With Carrageenin - 
+6 hr. P +I2 hr. P +6 hr. P +12 hr. P 


77.5f2. lP - 77.4f3.81 - 93.0f2.2) - in3 2(7 7) - ~ . -  -, ---.-\-.-, 86:0(3:6j >O.0Sb  101.3i3.Oj <0.00lb 75.1(1.6) <0.001* 90.6(1.8) <0.01b 
97.8(1.9) <0.001 97.5(2.7) <0.001 100.4(1.8) <0.025 110.3(3.7) >0.10 
102.5(4.9) <0.001 114.0(3.9) <0.001 125.0(8.7) <0.001 120.5(18.4) >0.25 
94.9f2.51 <0.001 100.2f3.8) <0.001 93.2f2.6) >0.50 88.8(i  71 .=n nnt 
100.4ij.oj io.001 107.8i2.6j io.001 104.6i2.4j <0.005 ioS:5i4:jj GO:%- 
83.4(2.3) >0.05 94.X2.5) <0.005 92.0(1.7) >0.50 101.0(3.3) >0.50 
100.q3.3) <O.OOl 104.7(3.0) <0.001 92.7(3.9) >0.50 101.9(4.7) >0.50 


a Figures in parentheses indicate the calculated standard error of the listed mean. b Indicates the level of significance relative to corresponding values 
in animals receiving only the agar vehicle orally. 


zinc insulin (40 units/ml.) or were dosed orally ( 5  ml./kg.) with the 
test drugs or the 0.25 z agar dosing vehicle. 


Each rat was anesthetized with 30 mg./kg. of sodium pento- 
barbital intraperitoneally, and blood samples were collected at 
intervals of +0.5, 3.5.6, 12,24, and 48 hr. by orbitalsinus puncture 
(8) using heparinized microhematocrit tubes7. Three to four drops 
of blood were allowed to flow from the open end of the tube before 
removing it from the sinus. Alternate eyes were used at each suc- 
cessive time interval. A 0.2-ml. amount of whole blood was added 
to 1.8 ml. of 2 z  sodium fluoride in 0.9% saline. This amount 
allowed for replicate determinations of glucose using a micro- 
method based upon the procedure of Hoffman (9) designed for the 
AutoAnalyzer (potassium ferricyanide-ferrocyanide oxidation- 
reduction reaction)8. Each tabular mean represents the mean glucose 
of not less than 10 and not more than 14 experimental animals. All 
data in this paper were analyzed using the analysis of variance meth- 
ods of Bliss and Calhoun (10). 


RESULTS AND DISCUSSION 


Plethysrnographic Studies-In carrageenin-treated animals, all 
mean paw volumes at $3 and +5 hr. showed significant increases 
(p < 0.001) over the respective 0-hr. mean volumes, thus indicating 
the presence of pedal inflammation and edema in all groups (Table 
I). Preliminary screening had been conducted to ascertain the active 
anti-inflammatory dosage ranges for the test compounds, so the 
statistically significant anti-inflammatory responses for each test 
agent were expected. All dosages produced roughly equivalent anti- 
inflammatory responses, although the effect with 100 mg./kg. of 
tolbutamide was somewhat less than expected. Even though these 
are one-level comparisons, the test drugs can be ranked in order of 
decreasing anti-inflammatory effectiveness (mg./kg.) as follows 
(4-3-hr. comparison): indomethacin, tetrabenazine, chlorpromazine 
hydrochloride, cryogenine, tolbutamide, phenylbutazone, and 
tetrah ydroalstonine. 


7 Catalog No. A-2930, Clay-Adams, Inc., New York. N. Y. 
8 Technicon Method File No. N-9a, Technicon Instrument Corp., 


Chauncey, N. Y. 


In animals not exposed to injection with carrageenin, all paw 
volumes at +3 and +5 hr. showed no significant change from their 
respective 0-hr. readings, except for the agar controls (Table I). 
This slight but significant decrease ( p  < 0.05) in paw volume due to 
agar was totally unexpected. This decrease might be due to dehydra- 
tion from a laxative effect of the orally administered agar vehicle 
(12.5 mg./kg. of agar); however, no evidence of diarrhea was seen 
and all drug-treated animals (also receiving the agar vehicle) showed 
no significant change in paw volume when compared with their 
respective 0-hr. readings. Apparently, treatment with any drug at an 
effective anti-inflammatory dosage neutralizes this unusual “agar 
effect.” 


Blood Glucose Determinations-Preliminary screening indicated 
that intracardiac blood sampling as described here could not be 
conducted prior to +5  hr. since such collections affected the de- 
velopment of the carrageenin-induced edema. It had been hoped 
that blood sampling and plethysmographic measurements of paw 
volume could be conducted concurrently. 


While not shown in Table 11, mean blood glucose at 0 time in a 
separate control group of 12 rats fasted for 18 hr. was determined to 
be 73.8 mg.z  (SE = 2.0); this value was not significantly different 
(p > 0.20) from the experimental value of 77.5 mg.z  observed at 
+6 hr. (Table 11) for the group receiving only agar and no car- 
rageenin treatment. Blood glucose in animals receiving agar only 
and with carrageenin treatment was significantly higher at both 
time intervals (Table 11) than the blood glucose in animals receiving 
agar only and no carrageenin (+6 hr., p < 0.001; +12 hr., p < 
0.001). This would appear to indicate that carrageenin-induced 
pedal edema is a stressful treatment, having as one parameter the 
elevation of blood glucose. Moreover, the animal handling as- 
sociated with plethysmographic measurements of foot volume and 
with blood sampling can eventually contribute to an elevation of 
blood glucose since +24- and +48-hr. estimations of blood glucose 
for animals receiving only agar and no carrageenin treatment 
(89.1 f 2.2 and 95.7 f 2.9 mg.%. respectively) were statistically 
higher (p < 0.05) than the tabular values noted at +6 and + 12 hr. 


In the animals not subjected to carrageenin, all drug treatments 
significantly elevated blood glucose levels (relative to the agar 
controls) at both time intervals, with the exception of phenylbuta- 
zone and tetrahydroalstonine at +6 hr. At the doses tested, a drop 
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Table 111-Relative Blood Glucose Levels after Drug Treatment in Alloxan-Diabetic Rats 


Oral 
Dosage, I Mean Blood Glucose, me.% 


Drug Administered mg./kg. +O. 5 hr. f 3 . 5  hr. +6 hr. +12 hr. +21 hr. +48 hr. 


Agar vehicle - 108.93Z 7 .6a  1 3 9 . 4 f 1 4 . 3  134.33Z 16.5 1 5 4 . 6 f 2 0 . 2  103 .8Zk4 .2  1 3 9 . 9 f 7 . 2  
Protamine zinc 4 125 .9zk10 .3  5 6 . 8 * 9 . 0  5 4 . 7 3 Z 7 . 8  4 1 . 3 I t 9 . 0  3 7 . 1 3 Z 5 . 7  3 4 . 5 f 3 . 4  


Tolbutamide 100.0 8 9 . 2 I t 5 . 7  1 0 0 . 7 f 5 . 8  1 1 1 . 3 + 3 , 2  1 1 9 . 8 f 8 . 1  1 1 5 . 8 f 3 . 4  1 0 1 . 8 + 7 . 4  


Tetrahydroalstonine 125.0 7 7 . 7 Z k 4 . 9  1 4 5 . 1 ~ 1 0 . 0  1 5 7 . 6 1 t 2 2 . 3  1 4 5 . 9 h 2 2 . 8  7 5 . 1 f 8 . 6  78 .2Zk11 .8  


Cryogenine 100.0 148.4Zk21.8  236 .0zk20 .0  2 2 4 . 8 1 t 1 7 . 6  1 8 9 . 4 f 2 8 . 8  1 1 5 . 5 f 1 8 . 3  132 .0Zk13.0  


Tetrabenazine 37.5  9 9 . 8 h 9 . 6  1 2 1 . 6 * 9 . 8  1 1 3 . 1 I t 6 . 1  131 .8Zk7.1  1 0 3 . 3 ~ t 4 . 6  1 2 3 . 2 f 7 . 5  


- 


insulin (>O.  lop (<0.001) (<O. 001) (<O. 001) (<0.001) (<0.001) 


(<0.005) (>0.50) (>O. 25) (>O. 50) (<0.01) (<O. 001) 


(>0.25) (>O. 25) (>0.25) (>0.25) (>(I. 50) (>O. 10) 


(>0.05) (<O. 025) (>O.  10) (>O. 10) (<0.05) (<0.005) 


(>O. 10) (<0.001) (<0.005) (>0.25) ( > Q .  50) (>O. 50) 


Tabular figures indicate the mean i 1 S E  of the mean. b Dosage is 10.0 units/kg. administered subcutaneously. c Figures in parentheses indicate 
the observed significance, p. relative to the respective agar control values. 


in blood glucose was not observed with either tolbutamide or 
tetrahydroalstonine and tolbutamide was clearly hyperglycemic in 
action. 


In the rats subjected to carrageenin, only phenylbutazone ap- 
peared to be effective in reducing the hyperglycemic response seen 
in the controls; the blood glucose level was actually lower than that 
seen in the noncarrageenin animals treated with the same dose of 
phenylbutazone. Chlorpromazine hydrochloride treatment clearly 
accentuated the hyperglycemia at +6 and +12 hr., while indo- 
methacin and cryogenine appeared to have a qualitatively similar 
but less dramatic effect at +6 hr. The unusually large standard error 
associated with the fl2-hr. blood glucose estimation for chlor- 
promazine hydrochloride can be explained by the fact that the 
noted hyperglycemic effect was wearing off in six of the 12 test 
animals at this time period. Tetrahydroalstonine and tolbutamide 
did not significantly alter blood glucose at either time interval, and 
tetrabenazine was without effect at +6 hr. The apparent lowering 
of blood glucose by tetrabenazine at +I2 hr. is discounted as a true 
pharmacologic effect since it was recorded 13 hr. after actual drug 
administration (+12 hr. after carrageenin administration). 


Effects in Alloxan-Diabetic Rats-The hyperglycemic response of 
tolbutamide in fasted normal rats and in animals stressed with 
carrageenin-induced pedal edema was interesting since tolbutamide 
is a clinically effective antihyperglycemic agent in patients with an 
inadequate number of functional j3-cells in the pancreas. There- 
fore, a study was undertaken in alloxan-treated rats to see whether 
there would be some differences of effect between tolbutamide, 
tetrahydroalstonine, and the previously undocumented effects of 
cryogenine and tetrabenazine. Effective anti-inflammatory dosages 
were used for each, and protamine zinc insulin was used as a refer- 
ence agent. 


As shown in Table 111, significant hyperglycemia (108.9 mg. %) 
was noted in the agar control rats at +30 min. and this hyper- 
glycemia persisted throughout the 48-hr. test period. A separate 
group of 12 alloxanized rats was also tested at -24 hr., and the 
mean blood glucose was documented at 328.7 f 10.6 mg.%. After 
23 hr. of fasting, the mean blood glucose for these same animals 


Table IV-Effect of 125 mg./kg. of Tetrahydroalstonine Orally 
on Blood Glucose in Alloxan-Diabetic Rats 


-Mean Blood Glucose, mg.z- 
Sampling Tetrah y.- 
Time, hr. Agar Vehicle droalstomne P 


+O, 25 1 0 6 . 1  f 4.2a 122.3 f 5 . 4  <0.05 
+O.  5 113.3 f 4 . 3  94.7 f 4 . 8  <O.Ol 
+1 .o 105.9 Zk 4 . 5  92 .3  f 4 . 5  <0.05 
t 2 . 0  116.0 & 4 . 0  138.5 ~k 10.9 >0.05 . 


+ 4 . 0  123.0 f 4 . 9  159.0 It 10.2 <0.005 
+12.0 132.2 f 5 . 6  136.3 f 14.7 >0.50 
+24.0 121.3 f 5.1  84 .0  f 4 . 8  <0.001 
+48.0 128.1 f 3 . 9  75 .9  f 8 . 8  <0.001 


a Tabular figures indicate the mean of 10-14 animals f 1 SE of the 
mean. 


was recorded as 117.7 f 5.1 mg.z  (this latter value would be 
equivalent to a - I-hr. reading for the animals in Table 111). 


The characteristic hypoglycemic action of protamine zinc insulin 
was observed, with the onset of effect beginning after +30 min. 
and persisting through the +48-hr. test period. Tetrabenazine was 
without significant effect on blood glucose while cryogenine dra- 
matically accentuated the existing hyperglycemia from +0.5 
through +6 hr. This accentuation of effect clearly was absent by 
+24 hr. Tetrahydroalstonine appeared to produce a triphasic 
response of a rapid-onset hypoglycemia, a recovery, and a delayed- 
onset hypoglycemia associated with the +24- and +48-hr. deter- 
minations. At the anti-inflammatory dosage used here, tolbutamide 
did not produce a dramatic hypoglycemic effect but was significantly 
hypoglycemic at +3.5 hr. Like tetrahydroalstonine, tolbutamide 
appeared to have some delayed hypoglycemic effect at +48 hr. 


Since a triphasic response for tetrahydroalstonine had not been 
previously reported (3, and since it could not have been detected in 
the previous experiment (Tables I and II), and because such a re- 
sponse is unusual, another experiment was conducted to confirm or 
to reject this finding. Results are summarized in Table IV using 
alloxanized rats of the same breed and sex and using the same experi- 
mental techniques as in Table 111. Tetrahydroalstonine definitely 
appears to have a triphasic response pattern at this dosage level. 
It would appear that the sustained tertiary effect of tetrahydro- 
alstonine should be investigated further for possible utility in the 
treatment of diabetes, while cryogenine should be avoided in di- 
abetic patients. 


SUMMARY 


An attempt was made to document both a stress-induced parame- 
ter (hyperglycemia) and an inflammation-associated parameter 
(carrageenin-induced pedal edema) in one experiment. Pedal edema 
is best recorded at the +3- and +5-hr. lime intervals, but blood 
sampling during this period interfered with the validity of such 
measurements. Carrageenin-induced pedal edema elevated blood 
glucose values a t  +6 and +12 hr., and phenylbutazone premedica- 
tion appeared to be effective in preventing this response at a dosage 
also effective in reducing pedal edema formation. At one or both of 
the $6- and + 12-hr. sampling times, chlorpromazine hydrochloride, 
indomethacin, and cryogenine accentuated carrageenin-induced 
hyperglycemia while tolbutamide, tetrahydroalstonine, and tetra- 
benazine were essentially without effect. In rats tested concurrently 
but not subjected to pedal edema, all of the orally administered test 
drugs elevated blood glucose at one or both of the +6- and +12-hr. 
sampling times. At an anti-inflammatory dosage level, tetrabena- 
zine did not affect the hyperglycemia produced by alloxan in rats, 
while cryogenine definitely accentuated the hyperglycemic response. 
At an anti-inflammatory dosage level, tolbutamide was just de- 
tectable as mitigating alloxan-induced hyperglycemia, while 
tetrahydroalstonine displayed a triphasic action of transient hypo- 
glycemia, recovery, and a subsequent sustained hypoglycemic effect. 
While the present study did not attempt to arrive at mechanisms of 
action, the hyperglycemic effect of cryogenine and the delayed onset 
hypoglycemia of tetrahydroalstonine in diabetic rats appear worthy 
of further investigation. 
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Effects of Ascorbic Acid Deficiency on Kinetics of 
Drug Hydroxylation in Male Guinea Pigs 


A. E. WADEA, BETTY WU, and PAUL B. SMITH 


Abstract 0 The effects of ascorbic acid (vitamin C) deficiency on 
components of drug-hydroxylating systems in guinea pig liver were 
investigated. Although the liver weight-body weight ratio was in- 
creased, the concentration of microsomal protein was markedly 
less in ascorbic acid-deficient guinea pigs. This was reflected in a 
decrease in aniline and hexobarbital hydroxylation reactions when 
calculated on a unit of liver weight; however, when analyzed per 
unit of microsomal protein, ethylmorphine demethylase activity was 
unaffected. The K,’s for these substrates, as well as the ethyl iso- 
cyanide difference spectra, were unchanged, indicating that no quali- 
tative changes had occurred in the enzymes responsible for their 


metabolism or in the cytochrome P-450. Aniline metabolism per 
unit protein was depressed by ascorbic acid deficiency, as was the 
content of cytochromes P-450 and bs. The return of function by a 
single injection of ascorbic acid given 1-24 hr. prior to decapitation 
was not frequently observed. Induction with sodium phenobarbital 
was not blocked by this dietary deficiency state. 


Keyphrases 0 Ascorbic acid deficiency-effect on kinetics of drug 
hydroxylation, guinea pig liver 0 Drug hydroxylation kinetics- 
effect of ascorbic acid deficiency, guinea pig liver 


The duration and intensity of action of many drugs hormones, or the nutritional status of the animal. 
are largely determined by the speed at which they are Increased rates appear to  be due to an increased con- 
metabolized in the body (I). The rate of such drug centration of microsomal enzyme or to the increased 
metabolism may be altered by drug pretreatment, affinity of the enzyme for the substrate. Past studies 


Table I-Effect of Ascorbic Acid Deficiency on Body Weight, Liver Weight, and Hepatic Microsomal Protein Content of Guinea Pigs 


Days on Diet Control Ascorbic Acid Deficiency P 
~ 


Terminal 12 
body weight, 18 
g. f SE 


Liver weight 12 
g. f SE 18 


12 
18 


Liver weight 
Body weight 
Protein 12 


concentrat iona, 18 


x 100 


mg./g. liver 
f SE 


340.1 f 15.6(15) 
389.3 f 6.8  (4) 


281.8 f 11.6(15) 
302.2 f 20.8 (4) 


13 .13  f 0.79 (15) 
13.95 f 1.24 (4) 
3.85 f 0.12 (15) 
3.59 f 0.18(4) 


22.97 f 1 . 0 3  (6) 
29.25 f 2.28 (4) 


1 3 . 1 3  f 0.59(15) 
13.40 f 1.32(4) 
4.68 f 0.15(15) 
4.42 f 0.21 (4) 


16.78 f 0.79(6) 
15.53 f 0.33 (4) 


<o. 01 
<0.05 


>0.05 
>0.05 
<0.01 
<O. 05 
<0.01 
<0.01 


Q 105,OOOxg microsomal pellet. Number in parentheses is number of animals in group. 
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Another apparent disadvantage of these other methods is that the 
total bulk quantity of final dosage form required becomes pro- 
hibitive when the dose is of the order of 250 mg. The impracticality 
becomes evident when it is realized that a 1 : 9 drug-excipient ratio 
is frequently necessary to observe the increased rates. In the current 
study, a high drug-excipient ratio of 10: 1 is indicated. 


From the foregoing results, it is quite evident that the use of 
adsorbents can facilitate the dissolution process of relatively 
insoluble powders. Surface degradation is, however, a possibility 
with such systems (34, 3 3 ,  but this aspect will be considered in the 
second article. The minuscular drug delivery system can be regarded 
as drug in a microparticulate form molecularly dispersed on the 
very extensive surface of fumed silicon dioxide. The resulting de- 
crease in particle size and the concomitant increase in surface area 
serve to  increase the thermodynamic activity of the drug in the 
dispersed state which, in turn, greatly enhances the rate of solution 
of the drug. 
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Use of Adsorbents in Enhancement of Drug Dissolution I1 


DONALD C. MONKHOUSE and JOHN L. LACH’ 


Abstract 0 Using the instrumental techniques of diffuse reflectance 
spectroscopy, differential thermal analysis, and X-ray analysis, it 


on the percentage of fumed silicon dioxide added to the system. 


drugs, characterization of drug-excipient binding Drug-excipient was possible to characterize the type of bonding forces involved in Keyphrases 0 Adsorbents-used to increase rates Of 


the minuscular drug systems Prior to the dissolution Process. HY- binding-dissolution characterization of micronized (minuscular) 
drown bonding and van der Wads’ forces accounted for the rapid drug dispersed on adsorbents 0 Diffuse reflectance spectroscopy- 
desorption of the drugs from the adsorbent surface. A decrease in characterization of drug-excipient binding Differential thermal 
particle size was suggested as a major factor improving the dissolu- analysis-characterization of drug-excipient binding X-ray 
tion rate of these equilibrated systems. Two polymorphic forms of crystallography-characterization of drug-excipient binding 0 Dis- 
indomethacin and probucol were identified as being present in the solution rates-micronized (minuscular) drug dispersed on adsor- 
samples, the proportion of the metastable form being dependent bents, characterization of binding forces 


Reports in the literature in the last 5 years brought to  
light the importance of drug-excipient interactions. 
These interactions have been responsible in  part for 


difficulties experienced in formulating pharmaceutical 
dosage forms. The most pertinent consequence associ- 
ated with these interactions is often a decreased thera- 
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peutic action. This is most probably a result of altered 
stability, dissolution rate, and, ultimately, absorption of 
the drug. 


These interactions could be eliminated if no excipients, 
or if only those excipients that show no interaction, 
were employed. However, since the official compendia 
demand a plethora of formulation variables in order to  
meet the specifications of disintegration time, dissolu- 
tion rate, and physiological availability, the use of a 
number of excipients is usually required t o  prepare a 
satisfactory dosage form. If the likelihood of an inter- 
action were suspected and subsequently detected in a 
preformulation procedure, many problems encountered 
later could be prevented. Until recently, available, ef- 
fective, and dependable instrumentation was lacking for 
the study of interactions in the final dosage form. 


Notwithstanding, new iind established instrumenta- 
tion is being applied to the study of individual drug- 
excipient interactions (1, 2). By applying the techniques 
of diffuse reflectance spectroscopy, differential thermal 
analysis, and X-ray crystallography in preformulation 
procedures, many of the problems associated with multi- 
component dosage forms might be avoided. 


Drug-adjuvant interactions in  the solid state were 
investigated by Lach and Bornstein (l), Lach and Bigh- 
ley (3), and McCallister et al. (4), using diffuse reflec- 
tance spectroscopy. The degree of strength of the inter- 
actions between drugs and adjuvants was interpreted 
from the observed spectral shifts. 


In a continuing investigation into drug-excipient in- 
teractions, Wu et al. ( 5 )  and Wichman ( 6 )  examined the 
adsorption characteristics of various pharmaceutical 
adjuvants toward surface degradation of medicinals. In 
reviewing these latter investigations, as well as other 
studies currently in progress, it appears reasonable to  
generalize that those adjuvants that produce a peak 
atypical of the original molecule adsorbed onto them 
are most probably incompatible with that compound 
and are likely to catalyze its degradation in the solid 
state. This new peak is probably related to  the chemi- 
sorption phenomenon, whereas physical adsorption 
produces very little change in the original transmittance 
spectrum of the neutral molecule. 


Differential thermal analysis, a relatively old analyti- 
cal tool, has recently gained favor in the study of com- 
pounds of interest to the pharmaceutical industry. 
Using thermal methods in their study of interactions be- 
tween pharmaceutical compounds, Guillory et al. (2) 
ably demonstrated the use of differential thermal analy- 
sis, the cooling curve method, the thaw-melt method, 
and X-ray powder patterns to  obtain data from which 
phase diagrams can be constructed for a number of 
binary systems. They showed differential thermal analy- 
sis to be a versatile technique, demonstrating several 
advantages over the more classical methods of thermal 
analysis in the prediction of drug-drug interactions. 
Systems in which interactions were detected and stoi- 
chiometries were determined included deoxycholic 
acid-menadione (2: I), quinine-phenobarbital (1 : l), 
theophylline-phenobarbital (2 : l),  caffeineephenobar- 
bital(1: I ) ,  and atropine-phenobarbital ( 1  : 1). 


Simon (7) was one of the first to  utilize the technique 
of differential thermal analysis as a tool for the rapid 


evaluation of drugs with excipients in preformulation 
studies. He pointed out a possible interaction of tri- 
ampyzine sulfate with magnesium stearate. In another 
study (8), differential thermal analysis was used to  iden- 
tify stearic acid as the inactivating component in an 
unstable formulation containing sodium dicloxacillin 
and several excipients. These results gave excellent cor- 
relation with those obtained in an 8-week 50" stability 
test. 


The present study is the second part of an investiga- 
tion into the dissolution characteristics of a new dosage 
type (9). Once it was established that the dissolution rate 
of drugs in  the minuscular form was increased, it was 
then required that various techniques be utilized to help 
elucidate the mechanisms involved as well as to detect 
any drug-excipient interactions. Differential thermal 
analysis, diffuse reflectance spectroscopy, and X-ray 
crystallography permitted at least some detailed char- 
acterization of the systems previously reported prior 
to the dissolution process. 


EXPERIhf ENTAL 


Materials-The materials used were identical t o  the systems 
described previously (9). 


Differential Thermal Analysis-A differential thermal analyzer, 
equipped with a standard cell attachment', was used. The finely 
powdered sample was placed in a 2-mm. diameter, capillary melting- 
point tube. The amount of sample varied from 2 to  5 mg. for each 
determination. Glass beads were used as the reference material, 
and the temperature was determined by the use of chrornel-alumel 
thermocouples. A heating rate of 20"/min. was employed in all ex- 
periments?. 


A y-axis sensitivity setting of 1 "/in. was used to measure the dif- 
ferential temperature. Experiments were carried out in a static air 
atmosphere to  detect the possibility of oxidative decomposition. 


Peak temperatures from the differential thermograms were taken 
as transition temperatures. These temperatures were corrected for 
the nonlinear temperature response of the chromel-alumel thermo- 
couples. 


Diffuse Reflectance Spectroscopy-Equilibrated samples con- 
taining 10 mg. of drug/g. of excipient were prepared in a manner 
similar to that previously described for the dissolution studies (9). 
Mechanical mix samples containing 20 mg. of druglg. of excipient 
were prepared by geometrical dilution using a spatula technique or 
by light trituration with a mortar and pestle. 


All diffuse reflectance spectra were measured using a spectropho- 
tometer3 with reflectance attachment. Recordings were made with a 
25.4-cm. (10-in.) linear recorder4. The instrument was zeroed at  500 
nm. and the spectrum was scanned from that point down to  200 nm. 
Special cells were constructed to hold the sample and reference 
powders. Each cell consisted of a 4.75-cm. (1.87-in.) square alu- 
minum block, 0.63 cm. (0.25 in.) thick, with a 3.48-cm. (1.37-in.) 
hole machined through the center. A circular piece of quartz5, 3.17 
cm. (1.25 in.) in diameter and 0.15 cm. (0.06in.) thick, was recessed 
into the face of the block covering the hole. An aluminum back 
cover was held in place by two thumb screws. The powder compart- 
ment between the quartz face and the back cover was therefore 0.46 
cm. (0.18 in.) in depth. 


The prepared sample was placed in the sample cell, and pure 
adjuvant was placed in the reference cell. Care was taken to use 
approximately the same quantity, by weight, of sample and reference 
material in their respective cells, since excessive packing can cause 
fluctuations in the percent reflectance. The pure adjuvant or adjuvant 


~ ~~~~ ~~ ~ ~~ ~ 


I Dupont model 900. 
2 This relatively high rate of heating was necessary to obtain sharp 


intense endotherms. However, such a rate could lead to discrepancies 
between the observed transition temperatures and the literature values 
(e.g. ,  the reserpine melting point at 20"/min. is 280", and at lO"/min. 
it is 270"; the Merek Index value is 265").  


3 Beckman model DB-G. 
4 Beckman 10500. 
5 Suprasil. 
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treated identically to the sample (e.g., washed with acetone, dried, 
and sieved) was used as the reference material to minimize the regu- 
lar reflectance and keep the scattering coefficient relatively constant, 


X-Ray Studies-Various combinations of the pure drug, me- 
chanical mixtures. and equilibrated samples were analyzed by the 
X-ray powder diffraction method. A camera6 with 114-mm. diam- 
eter was used, and Fe-K radiation was employed7. The powder pat- 
terns obtained in this study were reproduced elsewhere (10). 


Miscellaneous Procedures-The IR spectra of the polymorphs 
were obtained from a spectrophotometer8 by the KBr disk method, 


TLC of indomethacin was accomplished using the method em- 
ployed in a recent hydrolytic study (11). The pure and processed 
indomethacin samples were dissolved in acetone and spotted on silica 
gel microscope slides. The plates were developed in a solvent system 
of chloroform-acetic acid ( 9 5 : 5  v/v). Upon removal of the solvent, 
the spots were detected by exposure to  iodine vapor. 


The Form I1 polymorphs of indomethacin and probucol were 
prepared from the Form I compounds as follows. The mixed solvent 
systems employed were 50z aqueous acetone for indomethacin and 
50x  aqueous methanol for probucol. A sufficient amount of the 
commercial product was added to a suitable volume of the boiling 
mixed solvent until the system was saturated. A few drops of organic 
solvent were then added until complete solution resulted. This was 
filtered and allowed to cool very slowly to  room temperature. The 
resulting crystals were then collected, washed with water, and dried 
at 70" in a heated vacuum desiccator. 


RESULTS AND DISCUSSION 


In all but a fewexceptions(discussed later), the shifts in the maxima 
observed in the diffuse reflectance spectroscopy peaks of the equil- 
ibrated samples varied within the range of 1 1 0  nm. from the same 
respective peaks observed for the diffuse reflectance spectroscopy of 
the physical mixes and the UV transmittance spectra. According to 
the theory of UV and visible spectroscopy, physical adsorption in- 
volving van der Waals' forces (0.5 kcal./mole) should result in spec- 
tral shifts of only 1-2 nm. and those involving hydrogen bonding 
(5-10 kcal./mole) should display spectral shifts of 5-10 nm. (l), 
whereas chemisorption of the donor-acceptor type (>40 kcal./mole) 
can exhibit spectral shifts (mainly bathochromic) of 10 nni. or 
greater and may be accompanied by a color change. Thus, from this 
information, it appears that van der Waals' and hydrogen bonding 
were the principal forces involved in the binding of these drugs to 
the silica surface. This conclusion is in agreement with the current 
theory on the type of bonding typical of silica compounds used for 
chromatography (I  2). In none of the systems studied was chemi- 
sorption conclusively identified. 


During preparation of minuscular drug products, it can be pre- 
sumed that the large excess of organic solvent (e.g., methanol, ace- 
tone, or chloroform) containing the drug first displaces the water 
molecules and, upon evaporation of the solvent, the drug molecules 
present are selectively hydrogen bonded to the surface of the silica. 
However, as indicated from the dissolution studies, it can be postu- 
lated that addition of water to the drug powder results in dcsorption 
of the drug from the silica surface. This might be attributed to  hy- 
drogen-bond formation between the drug and water and between 
the silanol and water. Since these bonds are of stronger magnitude 
than those of the drug silanols, the drug is quickly displaced into the 
dissolution medium. 


Figure 1 illustrates a diffuse reflectance spectroscopy pattern 
typical of the drug-fumed silicon dioxide systems investigated in this 
study. Very little spectral shift can be observed between the physical 
mixes and the equilibrated samples of hydrochlorothiazide. For 
comparative purposes, a system in which chemisorption has been 
indicated (4)-hydrochlorothiazide-magnesium oxide-is also in- 
cluded. Here, a hypsochromic shift of 15 nm. is evident from the 
equilibrated sample peak of 320 nm. to the physical mix peak at  335 
nm. 


In the reserpine system, an increase in the intensity of its char- 
acteristic yellow color was observed and was readily evidenced 
by the shape of the diffuse reflectance spectra (Fig. 2) .  In the 


Debye-Schemer. 
7 Thc authors thank Dr. Norman Baenziger of the Department of 


Chemistry, University of Iowa, for his assistance in obtaining and 
interpreting the powder patterns. 


Beckman model 1R 10. 


b? 4ol . _  . .  . .  . .  :... 
. .  . .  . .  . .  . .  .-.. 
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Figure 1-Diffuse reflectaiice spectra of Iiyclrorlilornthiazide or1 
firmed silicon dioxide aiid magiiesirim oxide. Key for fumed silicoii 
dioxide: B ,  physical mixture; arid D ,  equilibrated with acetoile. Key 
for magizesiirm oxide: A ,  physical mixture; and C,  eqirilibrared with 
aretom?. 


solution spectrum, no peak in the visible region existed at low 
concentrations. In the physically mixed sample, a shoulder appeared 
at  400 =t 10 nm. in the diffuse reflectance spectrum. Upon equil- 
ibration, however, this shoulder developed into a well-defined peak 
at 396 nm. In a recent report (13), it was proposed that reserpine in 
chloroform solution is unstable and decomposes either cia hydroly- 
sis to reserpic acid, methanol, and trimethoxybenzoic acid or cia 
oxidation to  3-dehydroreserpine. When solvents other than chloro- 
form (e.g., acetone and methylene chloride) were used to prepare the 
sample, the yellow coloration was still produced. This possibly in- 
dicates that the degradative reaction was surface catalyzed and that 
the coloration was independent of the solvent used to  prepare the 
sample. 


For the indomethacin system, a new shoulder appeared at  about 
460 nm. when the excipient was acidified silica gel. With the basified 
silica gel system, a bathochromic shift of 10 nm. was noted at  260 
nm. and a new peak appeared at  227 nm. The results of the latter 
system are not entirely unexpected, because in basic solution the 
electronic structure of the molecule is perturbed, and increased con- 
jugation would account for the observed effects. However, since 
decomposition of indomethacin was a possibility, TLCs were run 


l.;.P 20 


0 1  I 1 I I I 


200 300 400 500 
A, nrn. 


Figure 2- Diffuse reflectaiict spectra of reserpiiie oii filmed silicon 
dioxide. Key:  A ,  physical mixture; arid B ,  equilibrated with cliloro- 
.form. 


Vol. 61, No. 9,  September 1972 0 1437 







100 


80 


60 


8 
& 


40 


20 


0 I I I I I 


300 400 500 
X. nm. 


Figure 3- Di ffirse reflectaiice spectra of aspiriti 011 fumed silicoii 
dioxide. Kcy: A ,  equilibrated with acetotie; B ,  equilibrated with 
niethylnie cliloride; C ,  physical mixtiire; and D ,  physical mixture of 
jiimedsilic 011 diosidc. rr11ti salicylic acid. 


on these samples. No spots were separated and the Rt value was 
identical to that of pure indomethacin. If decomposition was present, 
it would probably have occurred at the surface and it is highly possi- 
ble that the TLC procedure was insensitive to any minor amounts of 
decomposition products present. At this stage, it seems as if  the sur- 
face coating of indomethacin on acid- or base-treated surfaces is of 
practical potential in light of their influence on dissolution rates. 


Figure 3 shows that when a fumed silicon dioxide-aspirin sample 
was prepared with the solvent methylene chloride, using minimal 
heat (40" for 1 hr.) t o  evaporate the solvent, the diffuse reflectance 
spectrum was identical t o  that of the physical mixture. This indicates 
that essentially no decomposition took place. When the sample was 
heated or prepared with acetone as the solvent (also evaporated at 
70" for 1 hr. under vacuum). however, a new peak appeared at 305- 
315 nm. This peak is characteristic of salicylic acid, as verified by 
the diffuse reflectance spectrum of a physical mixture of salicylic 
acid and fumed silicon dioxide. Concurrent with the appearance of 
this new peak was the disappearance of the peak at 277 nm., which 
is characteristic of pure aspirin. At this juncture, the extent of degra- 
dation as detected in the figure is unknown. It is quite possible, how- 
ever, that the total amount of degradation was relatively small, pos- 
sibly situated only at the drug-excipient interface. Since other exist- 
ing methods employed for studying the degradation of aspirin are 


I I I 
X Y 


TEM PER ATU RE 


Figure 4- Represrtittiriar differeiriiul fliertiiogrc~n~s of ci pliysicafly 
/nixed (y)  r11 i~ I  m i  equilihrat~~d ( x )  sample. The slope ratio = tail a/mi 
b = A/B. 


Table I-Transition Temperatures of Drugs Recorded in the 
Presence of Fumed Silicon Dioxide 


7-- Melting Point 
Physical Equilibrated Depression 


Drug Mixture (y) Mixture ( x )  (y - X )  


Hydrochlorothiazide 268' 264 a 4" 
Aspirin 137" 134" 3" 
Sulfaethidole 187" 184" 3" 
Chloramphenicol 147" 145" 20 
Oxolinic acid 318" 316" 2" 
Griseofulvin 220" 218" 2" 
Reserpine 280 274" 6" 


~~~ ~~~ ~ 


inadequate in the detection of small quantities of decomposition 
products (14), this method does offer future possibilities for investi- 
gating the compatibility of aspirin with excipients in the solid state; 
such studies are presently underway in these laboratories. 


For a given concentration of drug per fixed amount of fumed sili- 
con dioxide, the equilibrated samples in this study invariably ex- 
hibited the greater reflectance at the peak position. This effect could 
be attributed to two factors: the physical adsorption phenomenon 
and a decrease in particle size. The percentage reflectance of the 
physically mixed sample could be varied by the amount of grinding 
to which the powder was subjected. This grinding process increased 
the amount of interaction and decreased the particle size; in other 
words, the drug covered a greater surface area and, consequently, 
more molecules were exposed to  the path of the light beam of the 
spectrophotometer. Thus, the effective concentration per unit cross- 
sectional area was increased, resulting in a greater reflectance value. 
Once the sample was equilibrated, however, the value of its reflec- 
tance reached a maximum. This indicated both that the amount of 
physical interaction was maximal and that the drug in the minuscular 
form was indeed distributed upon the extensive surface of the silica 
excipient. Consequently, the drug's particle size had, in fact, been 
diminished and was in agreement with the rapid dissolution of these 
systems as previously reported (9). 


A rather controversial aspect of differential thermal analysis has 
been the relationship of particle size to the resulting thermogram. It 
has been stated that finer particles release their heat more rapidly 
and that the increasing fineness of samples results in increasing area 
and peak intensity (15). Although there are no reports concerning 
medicinal compounds. most of the work accomplished in this con- 
nection has been performed with complex mineralogical and clay 
specimens (1 6,17). 


Representative thermograms of medicinal agents (minuscular 
drug and physical mix) employed in the present study are graphically 
illustrated in Fig. 4. From these diagrams the asymmetry of the 
equilibrated sample peak x is reflected by its high slope ratio. On 
the other hand, the symmetrical peak y of the physically mixed sam- 
ple has a low valued slope ratio which approaches unity. In generhi, 
the thermograms of the pure compound as well as its physical mix- 
ture were very symmetrical, whereas the opposite was the case for 
the equilibrated samples. This pattern was followed by seven of the 
nine compounds investigated in this study. (The exceptions were 
indomethacin and probucol, and these will be discussed in detail 
later.) 


These behavioral variations in peak symmetry may be explained 
in the following manner. The minuscular drug samples contain mo- 
lecularly dispersed drug equilibrated on the surface sites of the silica 
adsorbents, the drug molecules being bound in various ways (e.g., 
hydrogen bonding and van der Waals' forces) in a wide distribution 
of bond strengths. When heat is applied at  a steady rate, some of the 
intermolecular forces between drug and adsorbent are disrupted and 
the bonds are broken. This allows the melting process to begin. As 
soon as the melting front reaches the larger intact drug particles, 
they are "dissolved" in the liquid melt already present. As a result, 
the transition temperature occurs early-anywhere from 0 to 6" 
below the observed melting point of the pure drug material. This 
depression is measured by the distance y-x as observed in Fig. 4 and 
listed in Table I. 
In the physical mixture, however, the intact drug crystals are not 


bound but are, instead, mechanically distributed in the "inert" di- 
luent; the constant thermal conductance of the diiuents employed 
sharpens the thermographic minimum (18). It can be appreciated 
that the heat is conducted quickly and directly to the distinct crystal- 
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Figure 5-Tvpical di fferential thermogrums of itidornethaciir in the 
presence c?/:/ioned silicon dioxide. Key: A ,  pure indomethacin powder; 
B,  iir~ionwtlraciti equilibruted with 10 fumed silicoir dioxide; and C ,  
indonietliacin equilibrated with 20 fumed silicon dioxide. 


line entities of drug particles. A characteristic heat of fusion is re- 
quired to increase the interatomic and intermolecular distances in 
the individual drug, thus allowing melting to  occur. In the physical 
mixture. therefore, the recorded transition point actually represents 
the melting point of the pure compound. The temperatures observed 
for the melting reactions of the seven drug-excipient systems are 
also listed in Table I. 


In support of this discussion, it should be noted that after the 
melting process occurred and the samples were allowed to cool, their 
outward appearances were characteristic of their preparation. The 
physical mixture had a speckled appearance whereas the equilibrated 
sample exhibited a homogeneous color. This indicated that in the 
equilibrated system, the drug was uniformly deposited on the ex- 
tensive surface of the fumed silicon dioxide; whereas the micro- 
heterogeneity of the mechanical mixture further confirmed that the 
crystals were individually dispersed. 


From the data presented, it is evident that coating of the drug 
molecules on the surface of the adsorbent does result in a decreased 
particle size which, in turn, increases the percent reflectance, lowers 
the melting point, and enhances the release rate of the drug from the 
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Figure 6-Typical differential thermograms of probucol in the pres- 
i j t m  o/'Jlrmed silicon dio.uide. Key: A ,  pure probucol powder; B, 
probiirol equilibrated with I0 firmed silicon dioxide; and C,  probucol 
eqrrilibruted with 20 7; fumed silicoti dioxide. 
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Figure 7-Effect of perceiitage of ficmed silicon dioxide added on 
the differeritial peak height on the indomethuciri endotherms. Each 
point represents the ratio of the peak height of endotherm I1 to the 
peak height of endotherm I .  


surface into the dissolution medium. Aspreviouslydiscussed, thedrug 
silanol bonds are particularly weak (chemisorption was not detected 
in the systems investigated in this study) and this may explain the 
drug's relative ease of desorption. 


Two of the systems that were studied, indomethacin and probucol, 
did not follow the trend as discussed previously. Instead, a new peak 
appeared below the observed melting point of the drug. The forma- 
tion of a new peak suggested the presence of a new species, either 
a degradation product or a polymorphic form. 


Typical endotherms of these new entities are illustrated in Figs. 5 
and 6. As the fumed silicon dioxide concentration was increased, 
the intensity of the differential endotherms of the lower melting- 
point form also increased. As the intensity of this new peak in- 
creased, the intensity of the higher melting form decreased. Barrall 
and Rogers (18) stated that if  all variables other than weight percent 
of active material are kept constant, the differential peak height may 
be used for quantitative work. By using this precedent with ap- 
proximately equal sample weights, a relationship is seen to exist 
between the amount of fumed silicon dioxide added and the amount 
of lower melting form present. If the ratio of peak heights of the 
lower melting form to  the higher melting form (tentatively desig- 
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Figure 8-Effect of percentage ofJrmed silicon dioxide added on the 
differential peak height of the probucol endotherms. Each point rep- 
resents the ratio of the peak height of endotherm I1 to the peak height 
ofeirdotherm 1. 
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Figure 9-IR spectru oftwo polymorphic fornis ofitidornetlzucih. Key: 
tipper spectrum, Form I ;  and lower spectrum, Form 11. 


nated as II/I) is plotted cersiis the percent fumed silicon dioxide 
added, then curves of the type illustrated in Figs. 7 and8are obtained. 


Since the transition of the differential thermal analysis curves did 
not shift with decreased heating rate (IO"/min.), both transitions 
may have been due to  reversible phase changes and not t o  chemical 
reaction (19). No separation of spots on the TLC of indomethacin 
samples was observed, which possibly rules out the presence of a 
decomposition product in the sample. No data were available on 
the decomposition of probucol. 


By using an array of solvents, it was possible to duplicate the 
lower melting phenomenon in the absence of fumed silicon dioxide. 
The 152" form of indomethacin was crystallized from an acetone- 
water mixture, and the 1 15" form of probucol was crystallized from 
a methanol-water system. The C, H, and N analyses run on the two 
forms of each drug were found to be identical (e.g. ,  indomethacin 
calculated: C, 63.78; €3, 4.51; N, 3.91; 152" form observed: C, 
63.76; H, 4.52; N, 3.73; 158" form observed: C, 63.76; H ,  
4.44; N, 3.76; for probucol calculated: C, 71.98; H ,  9.36; 125" 
form observed: C, 72.23; H, 10.05; and 115" form observed: C, 
72.02; H, 10.12). The percentage of hydrogen for the probucol com- 
pounds was larger than "allowable" for both forms. Since they were 
almost identical to each other In both C and H, however, this 
internal consistency was regarded as satisfactory for this study. 
From Figs. 9 and 10, it can be observed that the IR spectrum of the 
higher melting form was significantly different from that of the lower 
melting form in each case. 


It is apparent from the discussion thus far that the data presented 
are consistent for the phenomenon of polymorphism. This was in- 
deed found to  be the case and was confirmed when the chloroform 
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Figure 10-ZR spectru qf two polyriiorpliic .forms of probiicol. Key: 
iipper spectrum, Form I :  aricllower spectrum, Form 11. 
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solution IR spectra were superimposable and the X-ray powder pat- 
terns were characteristic of each form (10). On the basis of these 
data, the lower melting entity was arbitrarily designated as Form I1 
and the higher melting entity as Form I. To the authors' knowledge, 
such a polymorphic form for indomethacin has been only briefly 
mentioned prior to this study (20). 


The samples of minuscular drug coated on the surface of fumed 
silicon dioxide were subjected to  X-ray analyses (10). Fumed silicon 
dioxide by itself, or washed with organic solvent, did not display any 
crystallinity. With the equilibrated samples, however, it was possible 
upon careful examination, to discern lines characteristic of both 
polymorphic forms. The physical mixtures displayed only the pat- 
terns of the one form present which was originally added to the mix- 
ture. These data would seem to  confirm the results obtained from 
the differential thermal analysis curves cited earlier in Figs. 5-8. 


As previously noted, the percentage of Form I1 in the sample in- 
creased in proportion to  the amount of fumed silicon dioxide 
added, which can be rationalized as follows. Upon addition of the 
organic solvent t o  fumed silicon dioxide, a gel structure is formed. 
The drug molecules may orient themselves in a position that is most 
stable in liquid (this form may or may not be the most stable in the 
solid state) aiu hydrogen bonding. As the solvent is evaporated, the 
drug commences to nucleate on the surface of the fumed silicon di- 
oxide particles. This presumably results in microcrystals of Form I1 
which are sterically fixed in the matrix of the fumed silicon dioxide 
surface. The particle size of these crystals will be very small because 
of the extremely high viscosity of the medium at the low temperature 
(evaporation of the solvent is exothermic), and the relatively short- 
time interval for the removal of the solvent. However, on the surface 
of the gel and on the sides of the beaker, there is a concomitant for- 
mation of Form I crystals. 


As a result, a mixture of the two forms occurs. On this basis, it 
becomes quite understandable that as more fumed silicon dioxide is 
added, a greater proportion of Form I1 results in the final analysis. 


During these thermal studies, some type of solvate or hydrate was 
detected for four of the systems. Sulfaethidole(crystal1ized from ace- 
tone-water) exhibited a very large endotherm centered at 95-105"; 
chloramphenicol (crystallized from acetone-water) exhibited a small 
endotherm at 95-105"; griseofulvin (crystallized from chloroform) 
exhibited a large endotherm at 130-140"; and indomethacin (crys- 
tallized from acetone-water) exhibited an endotherm immediately 
followed by an exotherm in the 80-100" range. Since these drugs 
were crystallized from mixed solvents, there was insufficient evi- 
dence to determine the exact type of solvate present. However, the 
normal heating process (70" under vacuum) used t o  prepare the 
samples was usually sufficient to remove these artifacts. The presence 
of these solvates may have been unexpectedly beneficial, since it has 
been postulated (21) that the lattice rearrangement t o  the solvate 
and back to  the original compound prevents the growth of larger 
crystals and, consequently, offers an excellent method for the at- 
tainment of size reduction. 


Once the existence of the polymorphic forms was substantiated, 
an investigation of the dissolution behavior of the isolated com- 
pounds was required. In both instances (indomethacin and pro- 
bucol), it was found that the equilibrium solubility was the same as 
the original compound. Also, the dissolution rate did not vary sig- 
nificantly from that of the original pure compound. These results 
were not entirely unexpected. To measure slight differences between 
polymorphs requires the utilization of very refined techniques, 
usually including the measurements of absolute intrinsic dissolution 
rates and/or measurement of the rate of boundary movement of a 
single crystal edge with a special microscope. It is quite possible that 
the gross beaker procedure employed in this study was insensitive to  
such subtle differences. 


SUMMARY 


From the diffuse reflectance spectroscopy studies, physical ad- 
sorption was confirmed and chemisorption, if operative in these 
systems, was regarded as playing only a minor role. The mechanism 
of bonding was considered to  involve mainly hydrogen bonding and 
van der Waals' forces. The ease of desorption reported in Part I (9) 
confirmed that the bonding forces are weak and reversible and, as a 
result, the drug molecules are easily displaced by dissolution media. 
The diffuse reflectance spectroscopy data also indicated that the 
selection of an excipient should be made with care because of the 
various surface catalytic effects which are generally overlooked. 
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A decreased particle size in these drug-excipient systems was 
confirmed by differential thermal analysis data; in most cases, a 
2-3" depression in the melting point was observed. Hydrogen bond- 
ing in a gel matrix was apparently responsible for the formation of a 
metastable configuration in two systems: indomethacin and probu- 
col. The polymorphic forms were first detected by differential ther- 
mal analysis and confirmed by X-ray and IR data. The existence of 
multiphase solids was a consequence of the presence of fumed silicon 
dioxide acting as a nucleating agent for the metastable crystals. Al- 
though the dissolution rates of the isolated polymorphs were found 
to be identical t o  those of the original compounds, it is quite possible 
that in the dispersed state the metastable form dissolved at a rate 
faster than the stable form. 


Since drug-excipient interactions do  readily occur in normal 
manufacturing procedures, and since these interactions not only 
alter the physical and chemical properties of the drug but also ap- 
preciably affect the physiological availability of the drug from the 
dosage form, it is highly desirable that such interactions be con- 
sidered as a part of strict in-process quality control. 
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GLC Determination of Chlormadinone Acetate in Plasma 


R .  J .  BOPPA, H. W. MURPHY, J. F. NASH, and C. R. NOVOTNY 


Abstract 0 Plasma samples obtained from monkeys after oral ad- 
ministration of 0.5-2.0 mg. of chlormadinone acetate were ex- 
tracted with hexane. The hexane extracts were washed, concen- 
trated, and analyzed by GLC using a 63Ni electron-capture detector. 
The analyses were performed on a 30.5-cm. (1-ft.) column packed 
with either 3.8% methyl silicone gum rubber on silanized diatomite 
or a mixed phase consisting of 3.0z methyl silicone gum rubber 
and 1.5% polyethylene glycol 20,000 on silanized diatomite. 
Levels as low as 1.0 ng. steroid/ml. plasma were detected by this 
procedure when 5-mi. samples of plasma were available. 


Keyphrases Chlormadinone acetate-GLC analysis, plasma, 
monkeys 0 GLC, electron capture-analysis, chlormadinone ace- 
tate in plasma, monkeys 


Since the introduction of sequential oral contracep- 
tives in  the spring of 1965, chlormadinone acetate, 
6-chloro-17-hydroxypregna-4,6-diene-3,20-dione acetate 
(I), has been used as a progestogen in one of these drug 
products (1). In  1967, Martinez-Manautou et al. (2) 
reported on the contraceptive efficacy of 0.5-mg. daily 
oral administration of chlormadinone acetate as a low- 
dose progestogen, free of estrogen. They considered the 
0.5-mg. tablet an effective, remarkably benign oral con- 


traceptive. During 1968, the 0.5-mg. tablet of chlor- 
madinone acetate was introduced to the market in 
Mexico, France, and Argentina. 


To  demonstrate biological availability of chlormadi- 
none acetate from tablets, it became necessary to develop 
a sensitive analytical method for the detection and 
quantitation of the drug in plasma. Work by Koons and 
Scroggs ( 3 )  and Donoho et al. (4), describing the deter- 
mination of chlormadinone acetate in animal feeds and 
cattle tissue, was helpful i n  the development of such a 
method. The method described in these studies is based 
upon GLC using electron-capture detection. The initial 
studies were performed in monkeys using 0.5, 1 .O-, and 
2.0-mg. doses of chlormadinone acetate. This method 
recently proved satisfactory for the monitoring of blood 
levels of this drug in humans (5). 


EXPERIMENTAL 


Reagents-Chlormadinone acetate, chl~rmadinone-C,-~H ace- 
tate, and chlormadinone caproate (11) were used'. Hexane and 
benzene were spectral quality while toluene and methanol were 


~ ~~ 
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formulating amine salt solutions of concentration greater than the 
free base solubility is t o  adjust the pH of the system so that it is a t  
least a half pH unit from the solubility-limiting line. 


Because amine solutions are poor self buffers in the pH range 
where they are totally in solution (as the protonated species), drift- 
ing of pH, particularly to  more acidic values, is a real formulation 
problem. In the case of I in unbuffered systems, significant down- 
ward pH drifts were experienced in containers in which the solutions 
had contact with rubber components, particularly in disposable 
syringes. This was disastrous for this compound in terms of its 
chemical stability. In the general situation, pH shifts to more alka- 
line values are also possible. The latter could lead to  oiling out of 
free base in sensitive systems. Both possibilities should be avoided. 
Thus, a buffer should be considered for each formulation. However, 
as evidenced in Fig. 2, the selection of a buffer and its concentration 
must be done with an eye to the buffer’s influence on the amine 
solubility. The data in Fig. 2 are only for succinate buffers; data 
were also obtained for citrate and acetate buffers, each a t  a 0.05 M 
concentration, and the effect was qualitatively and quantitatively 
similar. A 0.05 M tromethamine buffer, on the other hand, did not 
produce as pronounced a depression of the solubility. 


The influence of the succinate buffer (Fig. 2) is not interpretable 
unambiguously with the limited data, but salt formation cannot be 
ruled out. This raises another point about these systems: salts other 
than hydrochlorides will have different pH-solubility profiles. One 
method of improving the solubility picture in the acid pH range is 
to find a more soluble salt. However, since the dissociation depicted 
in Eq. 1 will be little affected by the salt anion chosen, solubility in 
the region of free base control will be negligibly influenced. 


Since the dissociations of carboxylic acids and other acidic organic 
species parallel those discussed here for organic hydrochlorides, it is 
expected that their pH-solubility profiles can be characterized theo- 
retically using the same treatment. In the special case of carboxylates 
the roles of the two species will be reversed, the free acid being much 
less soluble than the corresponding anionic base. Qualitatively, mir- 
ror image profiles with respect t o  the amine hydrochlorides will be 


obtained and the insolubility of the free acid will determine the 
minimum pH at which total solution is possible at  a given concentra- 
tion in excess of the free acid solubility. Thus, in carefully character- 
izing the amine hydrochloride system, the foundations for treatment 
of other weak electrolytes with respect to relative species solubilities 
have been laid. 
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Inhibition of Platelet Aggregation by Bisulfite-Sulfite 


KIYOMI KIKUGAWA‘ and KAZUHIRO IIZUKA 


Abstract Blood platelets aggregate in hemostasis and thrombosis. 
The effect of bisulfite-sulfite, which is frequently added as an  anti- 
oxidant in injections, on platelet aggregation was examined accord- 
ing to the method of Born and Cross. It was found that the agent 
( 10-3-10-2 M )  inhibited adenosine diphosphate- and collagen- 
induced aggregation of rabbit platelets in platelet-rich plasma. The 
platelets that had almost lost their aggregating capacity by treat- 
ment with the agent recovered the capacity when they were treated 
with plasma for the long period. The inhibitory profile of the agent 
was characteristic, and the agent progressively deaggregated the 
platelet aggregates. The presence of other blood cells such as eryth- 
rocytes had little influence on the effects of the agent on platelets. 


Keyphrases Platelet aggregation-inhibition by saline bisulfite- 
sulfite 0 Inhibition of platelet aggregation-saline bisulfite- 
sulfite 0 Bisulfite-sulfite-inhibition of platelet aggregation 


Bisulfite or sulfite has been frequently added as an 
antioxidant i n  injections and used as an antiseptic. 
Halaby and Mattocks (1) and Wilkins et al. (2) demon- 
strated that the agent possesses great affinity for blood 


and nonspecific toxicity for tissues. Recent studies on 
the biopolymers such as nucleic acid (3-6), proteins 
(7, 8), and lipids (9) showed that the agent readily modi- 
fied these biopolymers to cause mutation or damage to 
the functions of the biopolymers. However, little is 
known about the actions of bisulfite or sulfite on mam- 
malian blood cells. 


During this investigation of platelet aggregation, 
it was found that the functions of platelets were greatly 
altered by a bisulfite-sulfite mixture. Blood platelets 
are known to aggregate in hemostasis and thrombosis, 
and compounds that inhibit platelet aggregation have 
been extensively investigated (10). The authors now 
wish to report the strong inhibitory activity of bisulfite- 
sulfite on platelet aggregation. 


MATERIALS AND METHODS 


Materials and methods were partly described in the previous 
papers (11, 12). A mixture of sodium bisulfite and sulfite was ob- 
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Table [-Effect of Bisulfite-Sulfite on Adenosine Diphosphate- and 
Collagen-Induced Platelet Aggregation 


Table 11--Effect of Treatment of Adenosine Diphosphate with 
Bisulfite--Sulfite on Platelet Aggregation 


~~ ~ ~~~~~ 


Percent Inhibition" of 
--Aggregation Induced by- Percent 


Adenosine Deaggre- 
Test Sample Diphosphate Collagen gation 


Saline (control) 0 0 13 
Bisulfite-sulfite: 


- _- 
- - 


1.0 x 10-3 M 9 
2 . 5  X IO-.'M 35 
5 . 0  x 1 0 - 3  M 66 
7 . 5  x 10-3 M 69 


10.0 x 1 0 - 3  M 69 


- ._ 


69 


Adenosine: lo-' M 69 59 37 
.- 


84 
- 


a Buffered platelet-rich citrated plasma was incubated with the test 
chcmical at 37"  for 3 min. and challenged with adenosine diphosphate 
(10-5 M )  or collagen at 37". 


tained by neutralizing sodium bisulfitel with sodium hydroxide a t  
pH 7, and the bisulfite-sulfite was estimated by titrating with 1 N 
iodine. Platelet-rich citrated plasma obtained from male rabbits was 
immediately buffered with an equal volume of barbital buffer (pH 
7.3) (1 3). stored at  20", and used within 5 hr. The pH of the buffered 
plasma was 7.5-7.7 during the platelet aggregation assays. Platelet- 
poor plasma was obtained from buffered platelet-rich citrated 
plasma by centrifugation a t  3000 r.p.m. for 10 min. 


Platelet Aggregation-Platelet aggregation was measured accord- 
ing to the optical density method of Born and Cross (14) in an ag- 
gregometerz. One-milliliter samples of buffered platelet-rich citrated 
plasma were placed in polyethylene cells, preincubated exactly for 
5 min., and mixed with a 10-pl. solution of saline (for control) or 
of test samples in saline. After treatment of the mixture at  37 or 
20" for the indicated period, it was then challenged with a 10-pI. 
solution of adenosine diphosphate or a 100-pI. solution of collagen 
(0.8 mg.) in saline. Concentrations of adenosine diphosphate were 
10-5 M a t  37" and M a t  20" unless otherwise mentioned, since 
strong inhibitory effects of adenosine were observed under the 


MINUTES 


c 1 


0 2 4 6 8 10 
AFTER ADENOSINE DIPHOSPHATE ADDITION 


Figure I-Iiihibition of adenosine dipkosphate-itrduced platelet ag- 
gregation by bisulfite-sulfire and adenosine. Buffered platelet-rich 
citrated plasma, which wus treated with the test sample at 20" for 
15 min., wus challenged with I P  M adenosine diphosphate at 20". 
Key: C?O, saliire; SZO, 7.5 X /0-3 M bisulfite-sulfite; and AZO, IO-' M 
aderrosiiie. Buffered platelet-rich cilrated plasma, which was in- 
cubated with the test sample at 37" for 3 miti., was challenged with 


M adenosine diphosphate at 37". Key: C31r saline; Sn, 7.5 X 
10- M bisillfite -su&te; and A J ~ ,  I&' M aderrosirre. 


1 Wako Pure Chemical Industries, Ltd. 
? Evans EEL 169. 


Adenosine Incubation Aggregation, 
Diphosphate Time, min. z 


Adenosine diphosphate in 0 100 
platelet-poor plasma 50 100 


Adenosine diphosphate + 0 94 
160 79 


bisulfite-sulfite in 50 92 
platelet-poor plasma 160 92 


conditions. A decrease in optical density of the stirred plasma was 
recorded, and the maximum deflection of the optical density curve 
was read within 15 min. The percent aggregation of a test sample 
and the percent inhibition of a test chemical were expressed by 100 
X Tm.JCIIIDx and 100(1 - 'TmdCmsx)7 respectively, where Tmax 
means the maximum deflection of the test sample and C,,, means 
that ot'the control. 


Deaggregation -- One-milliliter samples of buffered platelet-rich 
citrated plasma placed in the cells were challenged with a 10-pl. 
solution of adenosine diphosphate M )  at 37". After 6 min., 
maximum aggregation was observed; a t  this point, a IO-pI. solution 
of the test samples in saline was added. Percent deaggregation 
(recovery of the absorbance) after 14 min. was calculated against 
the maximum aggregation (Fig. 2 and Table 1). 


Effect of Treatment of Adenosine Diphosphate with Bisulfite- 
Sulfite on Platelet Aggregation-A saline mixture (0.5 ml.) which 
contained adenosine diphosphate, bisulfite--sultite, and platelet-poor 
plasma (0.2 ml.) was incubated at 20- for the indicated period. A 
I-ml. sample of buffered platelet-rich citrated plasma was chal- 
lenged with 10 pl. of the saline mixture a t  20". The concentrations 
of adenosine diphosphate and bisulfite sulfite used in the saline 
mixture were 10W and 7.5 X M (final concentration), re- 
spectively (Table 11). 


ERect of Treatment of Platelet-Poor Plasma with Bisulfite-Sulfite 
on Platelet Aggregation--A saline mixture (0.5 ml.) which con- 
tained bisulfite-sulfite, and/or platelet-poor plasma (0.2 ml.) was 
incubated a t  20" for the indicated period. After treatment of 1-ml. 
samples of buffered platelet-rich citrated plasma with 10 pl. of the 
above mixture at  20" for the indicated period, it was challenged 
with M adenosine diphosphate at  20". The concentration of 
bisulfite-sulfite used in the saline mixture was 7.5 X l W 3  M when 
added to the buffered platelet-rich citrated plasma (Table 111). 


Effect of Bisulfite-Sulfite on Platelet Aggregation in Presence of 
Other Blood Cells--Rabbit citrated whole blood ( 3  ml.) was buffered 
with an equal volume of barbital buffer and treated with 60 pl. of 
the test samples a t  20". Buffered platelet-rich citrated plasma col- 
lected from the above mixture by centrifugation (1000 r.p.m., 5 
min.) was challenged with 10-6 M adenosine diphosphate a t  20". 
For control, buffered platelet-rich citrated plasma (1 ml.) collected 
as already described from the buffered citrated whole blood (the 


Table 111-Effect of Treatment of Platelet-Poor Plasma with 
Bisulfite-Sulfite on Adenosine Diphosphate-Induced 
Platelet Aggregation 


Treatment 
of Platelet- 


Rich Inhibition of 
Citrated Adenosine 
Plasma Diphosphate- 


with the Induced 
Incubation Mixture, Aggrega- 


Mixture Time, min. min. tion, z 
Platelet-poor plasma 0 3 0 


(control) 16.0 3 5 
3 7 Bisulfite sulfite -. 


. .  60 29a 
Platelet-poor plasma + 0 3 3 


bisulfite-sulfite 50 3 10 
160 3 10 
160 60 18" 


a Characteristic deaggrcgation was observed. 
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Table IV-Effect of Bisulfite-Sulfite on Platelet Aggregation in the 
Presence of Other Blood Cells loo tR 


Adenosine 
Diphosphate- 


Induced 
-Aggregation- 
Maxi- 
mum 


Platelets -Treatment- Aggre- Inhibi- 
in with min. gation" tion, 


-~ 


Whole blood Saline 90 20, 22 


Platelet-rich Saline 90 25 


7 . 5 . x  M 90 14, 14 36 
Bisulfite-sulfite 


Bisulfite-sulfite 90 13 48 
citrated plasma 7 . 5  X M 


0 Maximum aggregation was expressed by a relative decrease of 
optical density. 


same preparation as used in the last experiment) was treated with 
10 pl. of the test samples at 20' and challenged with M adeno- 
sine diphosphate at 20" (Table IV). 


RESULTS AND DISCUSSION 


Bisulfite-sulfite was found to inhibit strongly the adenosine 
diphosphate-induced aggregation of platelets in rabbit platelet-rich 
citrated plasma. The effects of bisulfite-sulfite on M adenosine 
diphosphate-induced platelet aggregation at 37 and 20" are shown in 
Fig. 1. The inhibition of aggregation by 7.5 X 10-3M bisulfite-sul- 
fite at 37" was identical in terms of maximum deflection with that 
of lo-' Madenosine, a known powerful inhibitor (14, 15). Adeno- 
sine showed no inhibition at 20", whereas the agent showed activity 
under the similar conditions. In Table I, the percent inhibitions of 
adenosine diphosphate-induced platelet aggregation by bisulfite- 
sulfite compared with those by adenosine are shown. The inhibi- 
tion was observed above M, and the degree of inhibition was de- 
pendent on the concentration of the agent. 


In the inhibitions by bisulfite-sulfite, characteristic strong de- 
aggregations after the maximum deflections were observed, and 
they strengthened greatly the inhibitory activity of the agent (Fig. 1). 
Platelet aggregation mediated by adenosine diphosphate is charac- 
terized by subsequent deaggregation, which has been considered to 
be caused by breakdown of adenosine diphosphate to adenosine 5 ' -  


> 
v) 


0 


c 
4 
J a 
0 
a l- 


0 


I 


0 2  4 6 8 10 12 14 16 
MINUTES AFTER ADENOSINE DIPHOSPHATE ADDITION 


Figure 2-Deaggregation by bisulfite-sulfite. Buffered platelet-rich 
citrated plasma was challenged with loT5 M adenosine diphosphate at 
37", and after 6 min. (indicated by an arrow) the test sample was 
added. Key: - - -, saline; --, 7.5 X M bisulfite-sulfite; and 
_ _ -  , M adenosine. 
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Figure 3-Effect of treatment of platelet-rich citrated plasma with 
bisulfte-sulfite on adenosine dipliospkate-induced platelet aggrega- 
tion. Bufered platelet-rich citrated plasma was treated with 7.5 X 
IF3 M bisulfite-sulfite for different intervals and was challenged with 
adenosine diphosphate. Key: 0 ,20";  airdo, 37". 


monophosphate and adenosine (14, 15) or by other unclear mecha- 
nisms (16, 17). Deaggregation induced by the agent at 37" was also 
much stronger than that of adenosine when compared by adding 
them separately to platelet-rich citrated plasma which had reached 
the maximum aggregation by adenosine diphosphate. The profiles 
and percent deaggregation are shown in Fig. 2 and Table I. The 
acceleration of deaggregation at 20" induced by bisulfite-sulfite 
(Fig. 1) could not be explained by the induced decomposition 
of adenosine diphosphate to adenosine 5'-monophosphate or 
adenosine, since adenosine diphosphate mixed with the agent in 
plasma and kept at 20" for 160 min. had the same aggregation 
potency as that kept for 0 min. (Table 11). Similar characteristic 
strong deaggregation also has been observed in the inhibitions by 
hydroxylamine (1 l), 6-hydroxyaminopurine riboside, and 2-amino- 
6-hydroxyaminopurine riboside ( 1  2). Platelet deaggregation has 
been an interesting phenomenon with regard to the aggregation 
mechanisms (10, 14-1 7), and compounds that accelerate deaggrega- 
tion would be useful tools for elucidating platelet aggregation mech- 
anisms. 


Treatment of platelet-rich citrated plasma with the agent at 20" 
for different periods before the addition of adenosine diphosphate 
showed that the inhibition gradually increased during 40 min. 
until it reached the maximum inhibition, 83 (Fig. 3). In the treat- 
ments longer than the 40-min. interval, not only the percent in- 
hibitions but the rates of deaggregation were constant. This indi- 
cated that the bisulfite-sulfite-induced deaggregation observed 
during 10 min. after adenosine diphosphate addition (Figs. 1 and 
2) was not due to the merely increasing action of the agent on 
platelets. Treatment of platelet-rich citrated plasma with bisulfite- 
sulfite at 37" for different periods before the addition of adenosine 
diphosphate showed that the inhibition was highest (10073 at 5 
min. and gradually decreased thereafter (Fig. 3). This result in- 
dicated that the inhibition by the agent was reversible, as was the 
case with the inhibition by adenosine (18). The recovery of the 
aggregating capacity of platelets was considered due to the loss of 
the agent by some plasma proteins during the longer incubation 
period, since bisulfite has been demonstrated to  react with plasma 
proteins (8). 


Collagen-induced platelet aggregation was also inhibited by 
bisulfite-sulfite (7.5 X 10-3 M); the profile and the extent of in- 
hibition compared with those by adenosine are shown in Fig. 4 and 
Table I. 


With regard to the inhibitions of bisulfite-sulfite on platelet 
aggregation in platelet-rich citrated plasma, there was a possibility 
that the substances produced by the agent by reacting with plasma 
components were the actual inhibitors. Thus, the inhibitory activity 
of bisulfite-sulfite treated with platelet-poor plasma was tested 
against adenosine diphosphate-induced platelet aggregation (Table 
111). When the mixture of bisulfite-sulfite and platelet-poor plasma 
was kept at 20" for 160 min., the inhibitory activity of the agent 
was not largely increased unless the mixture was treated with 


1906 Journal of Pharmaceutical Sciences 







1 1 L 
0 2 4 6  8 10 12 14 16 


MINUTES AFTER COLLAGEN ADDITION 


Figure 4- Iirhibitioii o/’ collugeti-iirduced platelet uggregatioii by bi- 
sulfite srrlfiti,. Biiffrred platelet-rich citrated plasma was treated with 
the test surtiple at 37“ for  3 min. atrd challenged with collageti at 37”. 
Key: - - -, snlitie: --- -, 7.5 X M bisulfire-sulfite; arid - - -, 
lo-‘ M aderiositw. 


platelet-rich citrated plasma for an adequate period (e.g., 60 min.). 
Furthermore. the inhibitory activity of the agent was decreased by 
incubation with platelet-poor plasma. These results indicated that 
the agent acted directly on platelets and that there was little pos- 
sibility of the existence of other inhibitors derived from plasma. 


All of the experiments described in this report were done with 
platelet-rich plasma, which was almost free from other blood cells 
such as erythrocytes. To examine the effect of the agent on platelets 
in whole hlood, citrated whole blood was treated with the agent 
and the platelet-rich citrated plasma collected from the whole 
blood was challenged with adenosine diphosphate. In this case too, 
platelet aggregation was inhibited. Thus, the effects of the agent 
on platelets were independent of the presence of other blood cells 
(Table IV).  With regard to the coagulation time determined ac- 
cording to the method of Lee-White, rabbit blood was not affected 
by lo-’ A4 bisulfite-sulfite. 


Bisulfite--sulfite has been used as an  antioxidant in injections (up 
to 0.57;) and as an antiseptic, but little has been known about its 
actions on blood cells. I t  is, therefore, noteworthy that bisulfite- 
sulfite alters the functions of platelets. Furthermore, a simple 
chemical such as bisulfite-sulfite might be an excellent tool for the 
investigation of the mechanisms of platelet aggregation and its 
inhi bition. 


SUMMARY 


1. Bisulfite-sulfite (10-3-10-2 M )  inhibited adenosine diphos- 
phate- and collagen-induced aggregation of rabbit platelets in 
platelet-rich plasma. 


2. Inhibitory activity of the agent was characterized by a strong 
deaggregation induced by unclear mechanisms. 


3. The extent of inhibition was dependent on the interval of 
treatment of the platelet-rich plasma with the agent, and the in- 
hibition was reversible. 


4. The inhibition was due to the direct action of the agent on 
platelets, not to the degradation of the inducer nor to  the produc- 
tion of other inhibitors in plasma. 


5.  The effects of the agent on platelets were observed in the 
presence of other blood cells. 
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amounts of up to 10,000 mcg. of the polypeptide I. To each tube was 
added the equivalent point amount of the homologous antigen (30 
mcg.). and the tubes were then incubated at 37" for 1 hr. After 
standing at 4" for 48 hr.. the precipitates were collected, washed 
twice with buffer (0.05 M K2HPOn-NaOH, pH 7.0), and collected by 
centrifugation. The total amount of protein precipitated was esti- 
mated by nitrogen analysis (Kjeldahl). No inhibition of the pre- 
cipitin reaction was observed using the polypeptide I. 
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Correlations between In Vitro Transport in a 
Three-Phase Model Cell and In Viuo Absorption of a 
Series of Sulfanilamides 


MATTHEW A. AUGUSTINE* and JAMES SWARBRICK' 


Abstract 0 A three-phase model cell, employing a liquid lipid 
barrier, was used to establish correlations between reported in 
uiuo absorption data and experimentally determined in uitro trans- 
port rates for a series of "-substituted heterocyclic sulfanilamides. 
These studies, using isopentyl acetate as the lipid phase, involved 
the effect of pH on the rate constants for three derivatives and the 
effect of the N1-substituent on the overall transport for unionized 
species. Correlations were made between the in oitro data and in oivo 
gastric, intestinal, and rectal absorption data, indicating the utility 
of this model to simulate passive drug absorption. Transport rates 
and partition coeficients were also found to be related. 


Keyphrases Sulfanilamides-correlations between in uifro trans- 
port in three-phase model cell and in uiuo absorption IJ Cell, three- 
phase model-in oitro transport-in uiuo absorption correlations, 
sulfanilamides Absorption, in uiuo--correlated to in uitro trans- 
port, three-phase model cell, sulfanilamides, liquid lipid barrier 


There are several types of three-compartment kinetic 
models in use to simulate the transport of drugs across 
biological membranes, especially the GI tract. These 
systems were classified and reviewed recently by Herzog 
and Swarbrick (1). Those in uitro systems utilizing a 
solid membrane have an obvious advantage in that 
they more closely resemble the in viuo situation. How- 
ever, one advantage of using a liquid lipid to  form the 
membrane phase is the ease with which the composi- 
tion of the latter can be varied. This readily permits in- 
vestigation of such factors as lipid polarity ( 2 )  and 
solubility parameter (3). Three-compartment model 


cells employing a liquid lipid membrane phase have been 
used in several attempts to  establish correlations be- 
tween in vitro and in vivo transport processes. Agostini 
and Schulman (4) used the so-called "Schulman cell" to 
investigate ion flux and water migration across bio- 
logical membranes. Perrin (5) and Augustine and Swar- 
brick (2) reported using this cell in studies designed to  
simulate the GI absorption of drugs. In addition to  the 
lipid phase composition, it was shown that stirring rate, 
the surface to  volume ratio of the phases, and tem- 
perature also affect the transport rate constants ob- 
tained (2). To  date, however, no work has been re- 
ported using this cell to  study a homologous series of 
compounds. 


The present study reports the in uitro transport rates 
of a series of N1-substituted heterocyclic sulfonamides 
determined using a Schulman-type liquid lipid trans- 
port model. Correlations between the in vitro transport 
rates, partition coefficients, and in viuo absorption data, 
taken from the literature for the same compounds, are 
described. 


EXPERIMENTAL 


Materials-The following chemicals were used as received (the 
figures in parentheses give the determined melting points which, 
in all cases, corresponded to literature values): sulfanilamide (164.5- 
166.5"), sulfathiazole (200-204"), sulfamerazine (234-238"), sul- 
famethazine (198-199"), sulfapyridine (191-193"), and sulfisoxazole 
(194"). The buffer ingredients were reagent grade and were used as 
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Table I-Effect of pH of Compartment 1 on Sulfonamide Transport In Vitro and Apparent Partition Coefficient 
~ ~~ ~ ~ ~ ~~ 


In Vitro Rate Constant, KE', cm./hr.a 
(Apparent Partition Coefficient in Parentheses? \ 


PH Sulfanilamide Sulfamerazine Sulfisoxazole Sulfamethazine Sulfathiazole Sulfapyridine 


1 . 5  
2 . 3  
3 . 3  
4 .7  
4 9  


0.32 (nil) 0.85 (0.15) 1.76 (5.8) 
0.61 (0.16) 1.29 (0.92) 2.01 (12.9) 


1 .69 (1.45) 2 .  57c (20.7) - - 
1 . 6 7 ~  (2.01) 1.98 (11.9) - 1 . 2 7 ~  (0.40) 


0.73 (0.3ij 
- - - 1 .82c (3.17) - 


0.99 (0.26) 
... 0.91 (0.31) 1.46 (1.75) 1.96 (3.9) - 


- 5 . 5  
6 .4  1 .15~(0.37)  1.48 (1.00) 0.98 (0.6) 


- 2.1lC (2.16) 
- - 


a K12' = klz / (S /V) .  b Between isopentyl acetate and water a t  pH shown. C pHc. 


Table II-Comparison of In Vivo and In Vitro Transport Rate Constants of,Sulfonamides 


Transport Rates 7 


In Vitr- l i t  Viuo, hr.-l 
Sulfonamide PHi K l z f ,  cm./hr. Kua, hr.-l Ku(gsstrie: KYrntestioal)c K%ect.l)d 


Sulfanilamide 6.4  1 . 1 5  0.058 0.075 0.88 0.044 
Sulfathiazole 4.7  1.27 0.072 0.061 0.33 0.0007 
Sulfamerazine 4.7  1.67 0.120 0.070 1.27 - 
Sulfamethazine 4.9  1.82 0.114 0.14 1.25 - 
Sulfapyridine 5 . 5  2.11 0.123 0.087 1.19 0.0696 
Sulfisoxazole 3 . 3  2.57 0.417 0.21 1.96 0.248 


a Calculated from KU = k2(kdk-1)  + (kl,k-l). b From Koizumi et al. (6) .  c From Koizumi e l  al. (1 1). d From Kakemi et al. (7). 


received. Isopentyl acetate was distilled before and after each run, 
the absence of sulfonamide in the distillate being verified spectro- 
photometrically. 


Determination of Partition Coefficients-Apparent partition 
coefficients for the six sulfonamides under investigation were 
determined between aqueous phases of varying pH (including pHi, 
the pH intermediate between the two pKa values for each sulfon- 
amide) and isopentyl acetate. At the pHi, the amphoteric sul- 
fonamides exist mainly in the unionized state (6). All determina- 
tions were carried out at 37", and only the aqueous phase was 
assayed for drug concentration. The initial concentration of each 
sulfonamide was 0.5 mM. The buffers used were similar in com- 
position to those reported by Koizumi et af. (6). The data obtained 


-0.4 0 0.4 0.8 1.2 1.6 
LOG Poiw 


Figure 1-Logarithmic relationsltip between partition coefficient and 
rate consfant (K12') for sulfonamides. Key: SAN, sulfanilamide; 
ST, sulfatliiazole; SM,  sulfamerazine; SMT, sulfamethazine; SP,  
sulfapyridine; and SOX,  sulfisoxazole. 


are shown in Table I. The apparent partition coefficients are com- 
parable to values in the literature for similar lipid-water conditions 
(6, 7). 


In Vitro Transport Studies-The effect of pH on the transport 
rates of the sulfonamides was studied. Cylindrical glass transport 
cells were employed in these investigations, and the experimental 
procedure was similar to that described previously (2). Isopentyl 
acetate was used as the lipid phase (Compartment 2), and the distal 
aqueous compartment (Compartment 3) was maintained at pH 
7.4. Compartments 1 and 3 were stirred at 580 r.p.m. using 1.27-cm. 
(0.5-in.) circular magnets with fins on the top surface. Compartment 
2 was stirred at 60 r.p.m. Transport rates are reported as the rate 
constant (hr.-l) divided by the surface to volume ratio (cm.-1) for 
each particular cell used. The volume of each phase in the three 
compartments was 225 ml. The initial concentration of drug in 
Compartment 1 was 0.5 mM, and the cells were operated at a tem- 
perature of 37 '. The transport rates, averaged from duplicate runs, 
are presented in Tables I and 11. 


Analysis of Data-Both analog' and digital2 computer curve- 
fitting programs were utilized in calculating the rate constants 
governing the in vitro transport. The analog computer program 
was similar to that reported previously (2). A digital curve-fitting 
program was devised to facilitate the determination of the rate 
constants. This program was found to be especially useful when 
drug transport from Compartment 1 was rapid. 


RESULTS AND DISCUSSION 


Partition Coefficients and In Vitro Transport-The apparent 
partition coefficients as a function of pH (Table I) suggest that it 
is the unionized species that is predominantly partitioned into the 
lipid isopentyl acetate phase. The maximum partition coefficient 
was observed at the pHi, where the maximum concentration of 
unionized drug exists. Conversion of the data for sulfanilamide, 
sulfamerazine, and sulfisoxazole to true partition coefficients, ex- 
pressed in terms of the fraction of unionized drug at each pH, 
supports this view, since the calculated partition coefficients are 
now independent of pH (sulfanilamide, 0.33 f 0.02 SE; sulfa- 
merazine, 1.58 * 0.15 SE; and sulfisoxazole, 15.2 * 1.24 SE). 


The data presented in Table I for sulfanilamide, sulfamerazine, 
and sulfisoxazole indicate that the maximum rate of transport 


1 PACE 261R, Electronic Associates Inc., Long Island, N. Y .  
IBM model 360/65. 
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occurs at the pH, of each sulfonamide and is obviously related to 
the fraction of drug unionized. Schulman and Rosano (8) estab- 
lished a relationship between transport and partition coefficient 
which can be rearranged to a form similar to that demonstrated by 
Garrett (9), namely: 


log K = u log Poiw + b (Eq. 1) 


where a and b are constants. This relationship holds for the sulfon- 
amides, as shown in Fig. 1 ,  where a linear relationship is observed 
between the in oitro rate constant KIZ,  adjusted for surface to volume 
ratio, and the isopentyl acetate partition coefficient at the respective 
pH,’s of the six compounds studied. 


The relationship in Fig. 1 is comparable to that used by Fugita 
and Hansch (10) in relating the hydrophobic binding constant ?r to 
the protein binding of 20 N1-substituted heterocyclic sulfonamides. 
In this case, r is the difference between the logarithmic values of the 
partition coefficient of a sulfonamide and the parent compound, 
sulfanilamide. It is thus apparent that, in the present study, the 
hydrophobicity of the substituent group is the major factor affect- 
ing the in vitro transport rate when the compounds are studied at 
their respective pH,’s. 


Correlations betweenIn Vivo Absorption and In Vitro Transport- 
Although a correlation exists between the in uitro rate constants and 
the partition coefficients, it is more appropriate to use the in uifro 
transport rate constants as the parameter for correlation with in 
oivo absorption data. This is because the in oivo absorption and the 
in vifro transport are both dynamic processes. 


Accordingly, an attempt was made to establish a correlation be- 
tween transport in the model cell and the in uiuo absorption rate 
data reported in the literature. Koizumi e f  al. studied the in oivo 
absorption of 17 sulfonamides using a perfusion technique through 
both gastric (6) and intestinal (11) regions of the rat. Mechanisms 
of the kinetics of absorption of the sulfonamides through the 
lipoidal barrier at the absorption site were presented, and a rela- 
tionship between absorption rates and lipid-water partition co- 
efficients was demonstrated. The absorption rate constant for 
unionized drug species, K,, was defined as: 


where kl and k-, are the forward and reverse rate constants between 
the stomach (or intestinal) fluid and the biomembrane, respectively, 
and kz is the rate constant for drug transfer from the membrane 
into blood plasma. K,  is the overall rate constant for removal of 
unionized drug from the stomach or intestine. 


Two aspects of the work of Koizumi et a / .  (6, 11) are open to 
possible criticism. First, phenol red was used to monitor volume 
changes of the perfusion fluid during the in uioo experimentation. 
Recent work (1 2) showed that this dye is absorbed from the intestinal 
lumen. However, since this occurs only to the extent of approxi- 
mately 6 z  in 3 hr. and Koizumi’s studies were run for 1 hr., this 
effect can be ignored. The second factor is that the pH of the per- 
fusion solution changed with time, the magnitude of the change 
increasing the further the initial pH was from pH 6.5. At the 
pH,’s used in this study (Table 11), the in vivo changes observed by 
Koizumi et al. are small and can be reasonably ignored. 


The in zlitro transport rates are reported in Table I1 as K,, ac- 
cording to Eq. 2. The rank order of the six sulfonamides’ transport in 
the model cell was independent of whether K ,  or K12‘ was used, 
even though for two of the sulfonamides there was appreciable 
back-transport from Compartment 3 to Compartment 2. This 
was not the mechanism proposed by Koizumi et al. (6) for the in 
uiuo situation. Both sulfapyridine ( k 3 2  = 0.20) and sulfamethazine 


(k32 = 0.12) produced appreciable reverse rate constants, as com- 
pared to negligible values for the remaining sulfonamides under 
investigation. However, correlations were sought between the in 
vitro rate constant and the in uiuo gastric data and intestinal data. 
With the in uiuo gastric data, the correlation coefficient was 0.81 
( p  = 0.05); for the ‘in uiuo intestinal data, a value of 0.87 ( p  = 0.05) 
was obtained. 


In uiuo absorption rates from the rat rectum for four of the sul- 
fonamides studied in uitro were reported by Kakemi er al. (7) and 
were used to establish a correlation between in uitro transport and in 
viuo rectal absorption. In this instance, kIz,  corrected for surface to 
volume ratio, was used as the correlatable parameter, since the in 
uivo rectal absorption data were determined from the slope of a 
semilogarithmic plot of percent dose remaining in the recirculating 
solution versus time. The in vitro transport rates obtained in the 
model cell correlated reasonably well to the reported rectal absorp 
tion rates. Thus, the correlation coefficient was 0.87, although the 
level of significance was lower ( p  = 0.2) due in part to a smaller 
number of compounds used in the correlation. 


It appears from the Qz uiuo absorption results that similar passive 
transport mechanisms occur across the gastric, intestinal, and rectal 
membranes in the rat and that those sulfonamides having the 
highest lipid solubility are more readily absorbed than those that are 
poorly lipid soluble. This same effect can also be demonstrated in 
the model cell for the various sulfonamides used in this study. 
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Effects of Ascorbic Acid Deficiency on Kinetics of 
Drug Hydroxylation in Male Guinea Pigs 


A. E. WADEA, BETTY WU, and PAUL B. SMITH 


Abstract 0 The effects of ascorbic acid (vitamin C) deficiency on 
components of drug-hydroxylating systems in guinea pig liver were 
investigated. Although the liver weight-body weight ratio was in- 
creased, the concentration of microsomal protein was markedly 
less in ascorbic acid-deficient guinea pigs. This was reflected in a 
decrease in aniline and hexobarbital hydroxylation reactions when 
calculated on a unit of liver weight; however, when analyzed per 
unit of microsomal protein, ethylmorphine demethylase activity was 
unaffected. The K,’s for these substrates, as well as the ethyl iso- 
cyanide difference spectra, were unchanged, indicating that no quali- 
tative changes had occurred in the enzymes responsible for their 


metabolism or in the cytochrome P-450. Aniline metabolism per 
unit protein was depressed by ascorbic acid deficiency, as was the 
content of cytochromes P-450 and bs. The return of function by a 
single injection of ascorbic acid given 1-24 hr. prior to decapitation 
was not frequently observed. Induction with sodium phenobarbital 
was not blocked by this dietary deficiency state. 


Keyphrases 0 Ascorbic acid deficiency-effect on kinetics of drug 
hydroxylation, guinea pig liver 0 Drug hydroxylation kinetics- 
effect of ascorbic acid deficiency, guinea pig liver 


The duration and intensity of action of many drugs hormones, or the nutritional status of the animal. 
are largely determined by the speed at which they are Increased rates appear to  be due to an increased con- 
metabolized in the body (I). The rate of such drug centration of microsomal enzyme or to the increased 
metabolism may be altered by drug pretreatment, affinity of the enzyme for the substrate. Past studies 


Table I-Effect of Ascorbic Acid Deficiency on Body Weight, Liver Weight, and Hepatic Microsomal Protein Content of Guinea Pigs 


Days on Diet Control Ascorbic Acid Deficiency P 
~ 


Terminal 12 
body weight, 18 
g. f SE 


Liver weight 12 
g. f SE 18 


12 
18 


Liver weight 
Body weight 
Protein 12 


concentrat iona, 18 


x 100 


mg./g. liver 
f SE 


340.1 f 15.6(15) 
389.3 f 6.8  (4) 


281.8 f 11.6(15) 
302.2 f 20.8 (4) 


13 .13  f 0.79 (15) 
13.95 f 1.24 (4) 
3.85 f 0.12 (15) 
3.59 f 0.18(4) 


22.97 f 1 . 0 3  (6) 
29.25 f 2.28 (4) 


1 3 . 1 3  f 0.59(15) 
13.40 f 1.32(4) 
4.68 f 0.15(15) 
4.42 f 0.21 (4) 


16.78 f 0.79(6) 
15.53 f 0.33 (4) 


<o. 01 
<0.05 


>0.05 
>0.05 
<0.01 
<O. 05 
<0.01 
<0.01 


Q 105,OOOxg microsomal pellet. Number in parentheses is number of animals in group. 
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Table 11-Effect of Ascorbic Acid Deficiency on Activities of 
Selected Hepatic Enzymes 


Enzyme and Substrate 


Aniline hydroxylase* 
(aniline) 


(hexobarbital) 
Hexobarbital oxidaseb 


Glucose-6-phosphate 
dehydrogenased 
(NADP) 


Dieta 


Control 
Ascorbic acid 


deficient 
Control 
Ascorbic acid 


deficient 
Control 
Ascorbic acid 


deficient 


Substrate 
Metabolized, 


pmoles/g. 
Liver/hr. + SE 


1.645 f 0.219 
0.871 3= 0.077~ 


6.629 f 0.987 
3.888 f 0.19@ 


393.6 IS 38.4 
377.5 f 50.1 


0 Animals on diet 12 days. * 9000Xg supernate. c Significantly 
different from control ( p  < 0.05). d 105.000Xg supernate. 


indicated that in ascorbic acid deficiency states, drug 
hydroxylation by liver microsomes is markedly de- 
creased (I-4), whereas nonsignificant decreases in N- 
and O-demethylation and nitro and azo reduction 
have been noted (2). Since previous studies were con- 
ducted at fixed single-substrate concentrations, there is 
little evidence to indicate whether these effects result 
from decreased affinity or decreased enzyme concen- 
tration. Although there appears to be no reduction i n  
NADPH-cytochrome c reductase or NADH-cyto- 
chrome c reductase (2), there is a discrepancy as to 
whether cytochromes P-450 and bj are altered (2, 3). 
This study will focus on the effects of ascorbic acid 
(vitamin C )  deficiency on the kinetics of drug hydroxyl- 
ation, the inductive effects of sodium phenobarbital on 
these kinetics, the rate of recovery of drug hydroxylation 
activity following injections of ascorbic acid, and the 
effects of ascorbic acid deficiency on some electron 
transport components. 


nesium sulfate, 2 units glucose-6-phosphate dehydrogenase, and 
sufficient 0.1 M phosphate buffer (pH 7.4) to make 5.0 ml. When 
9000Xg supernates were used, the glucose-&phosphate dehydro- 
genase was omitted from the incubation mixture and the enzyme 
was equivalent to 250 mg. liver. As drug substrates, the incubation 
mixtures contained 4.0, 1.0, 0.4, or 0.2 pmoles of hexobarbital; 
2.5, 1.0,0.5, or 0.25 pmoles of aniline; 4.0, 2.0, 1.0, or 0.5 pmoles of 
zoxazolamine; or 50.0, 5.0, 1.0, or 0.5 pmoles of ethylmorphine. 
All substrates were incubated at 37" for 20 min. under air in a 
metabolic incubatorJ at 125 oscillations/min. 


The aliphatic hydroxylation of hexobarbital was determined by 
measuring the disappearance of substrate according to the method 
of Cooper and Brodie (5). Aromatic hydroxylation of aniline was 
determined by measuring the formation of p-aminophenol, using a 
modification of the method of Kato and Gillette (6). Aromatic 
hydroxylation of zoxazolamine was determined by measuring the 
disappearance of substrate, using the method of Conney et al. ( 7 )  
and Jauchau et al. (8). N-Demethylation of ethylmorphine was 
determined by measuring the formation of formaldehyde by the 
procedure of Nash (9). The NADPH-cytochrome c reductase 
activity of hepatic microsomes was determined by the method of 
Phillips and Langdon (10). 


Liver microsomal protein was determined by the biuret procedure 
of Gornall et a/ .  (1  1). Glucose-6-phosphate dehydrogenase activity 
of the 105,OOOXg supernate was measured by the method of Glock 
and MacLean ( 1  2). 


Estimation of Microsomal Cytochromes P-450 and bs and Their 
Reactivity-The cytochrome P-450 and b j  contents of hepatic 
microsomes (resuspended in 1.15 potassium chloride containing 
0.05 M tromethamine buffer at pH 7.4 and at a constant protein 
concentration of 2.5 mg./ml.) was determined by the method of 
Omura and Sato (13). Ethyl isocyanide difference spectra of re- 
duced hemoprotein P-450 were measured by the method of Sladek 
and Mannering (14). Spectral shift studies, using aniline and hexo- 
barbital as substrates for estimating binding affinities ( K , )  and the 
maximum spectral change (Amax.) were performed by the method of 
Remmer et af. (15), using microsomes diluted to 2 mg. protein/ml. 
with 0.3 M phosphate buffer at pH 7.4. These measurements were 
made with a dual wave length-splitbeam spectrophotometer using 
the appropriate mode. 


Statistics-The maximum rate of metabolism ( Vmsx.) and K,,, for 
aniline hydroxylase, hexobarbital oxidase, and ethylmorphine 
demethylase were calculated using the computer program of 
Wilkinson (16), as were the binding constant K ,  and its A,,,.,. 
for hexobarbital and aniline. 


MATERIALS AND METHODS 
RESULTS AND DISCUSSION 


Animals and Diet-Male albino guinea pigs (280 f 46 g.) were 
fed a pelleted ascorbic acid-deficient diet' for 12 or 18 days before 
sacrifice. The diet consisted of: ground oats, 40.0%; ground bran, 
15.0%; alfalfa, 8.0%; sodium chloride, 0.5%; calcium carbonate, 
1.0%; and magnesium sulfate, 0.5%. The control animals received 
daily injections of ascorbic acid (20 mg./kg. i.p.), and the deficient 
ones received sterile normal saline (1 ml./kg.). Microsomal enzyme 
induction was accomplished by the injection of sodium pheno- 
barbital (50 mg./kg. i.p.) on the 8th through 11th days of the dietary 
treatment. Unless otherwise stated, all animals were killed 24-hr. 
after the last injection. 


Preparation of Hepatic Microsomes-The animals were stunned 
by a sharp blow to the neck and decapitated; the livers were ex- 
cised, washed in cold 1.15% potassium chloride solution, blotted, 
weighed, and put into three volumes of cold 1.15% potassium 
chloride solution packed in ice. Then the livers were cut into small 
pieces and homogenized with a motor-driven Teflon-glass homogen- 
izer. The homogenate was centrifuged at 9000Xg for 20 min. in 
a refrigerated centrifuge2 to remove nuclei, mitochondria, and un- 
broken cells. Washed microsomes were prepared by centrifuging 
this supernate at 105,OOOXg for 60 min., resuspending in 1.15% 
potassium chloride, and recentrifuging. 


Assay of Drug-Metabolizing Activities-Unless otherwise stated, 
incubation mixtures contained 5 mg. microsomal protein, 2.0 
pmoles NADP, 25.0 pmoles glucose-6-phosphate, 25 pmoles mag- 


Body and Liver Weights and Microsomal Protein Concentrations- 
After 12 and 18 days on the deficient diet, there were significant 
reductions in terminal body weight and significant increases in 
liver weight-body weight ratios in the ascorbic acid-deficient 
animals. The microsomal protein (105,OOOXg pellet) per gram 
liver in deficient guinea pigs was 75% that of controls at 12 days 
and 53 % that of controls at 18 days on the diet (Table I). 


Glucose-&phosphate dehydrogenase activity of the 105,OOOXg 
supernatant fraction was not altered by the deficiency state (Table 
11). 


The hydroxylations of hexobarbital and aniline at one substrate 
concentration by 9000Xg supernatant fractions were significantly 
less in the ascorbic acid-deficient guinea pigs (Table 11). This find- 
ing verified the results obtained by Kato et a/ .  (2). The apparent 
K,,, and Vmx. for aniline hydroxylase, hexobarbital oxidase, and 
ethylmorphine demethylase are shown in Table 111. In ascorbic 
acid-deficient animals, the apparent Vmax, for aniline hydroxylation 
was significantly depressed when calculated as micromoles per gram 
liver and when measured as metabolism per unit of microsomal 
protein. This reduction in the rate of aniline hydroxylation is due to 
a decrease in concentration of microsomal protein and P-450 
brought on by the deficiency. Since the apparent K ,  for aniline 
hydroxylation was not changed, it is doubtful that this treatment 
produced qualitative changes in the composition of the enzyme or 


1 Nutritional Biochemical Corp. 
2 Sorvall RCZ-B. 
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4 Aminco-Chance. 







Table 111-Effect of Ascorbic Acid Deficiency on the Apparent Vmsx, and Km of Aniline, Hexobarbital, and Ethylmorphine Metabolism 


VIlUX.b, Vmax.c, 
pmoles nmoles 


Metabolized/g. Km 9 MetaboIized/mg. Km 9 


Substrate Diet" Liver/hr. f SE mM f SE Protein/hr. f SE mM f SE 


Aniline Control I .90 f 0.21 0.68 zk 0.18 174.61 zk 30.09 0.56 f 0.14 
Ascorbic acid deficient 0.99 f 0.12d 0.61 f 0.17 86.20 f 14.83d 0.49 f 0 .13  


- 300.66 f 29.05 0.36 f 0.12 Ethylmorphine Control - 
Ascorbic acid deficient - - 247.70 f 29.85 0.29 f 0.12 


Hexobarbital Control - - 878.52 f 395.58 2.95 f 1.29 
- 205.42 f 40.78 0.60 f 0.16 Ascorbic acid deficient - 


a Animals on diet 18 days. b 9OOOXg supernate. c 105,OOOXg washed microsomes. dsignificantly different from control ( p  < 0.05). 


Table IV-Effect of Ascorbic Acid Deficiency on Aniline and Hexobarbital Binding to Washed Microsomes 


7 Aniline 7- Hexobarbi tal 
K, Am=. K, Am*=.  . 


Diet ( m M )  (AAlmg. Protein) ( m M )  (AA/mg. Protein) 


0.034 -f 0.002" 
Control 0.325 f 0.045 0.022 f 0.001 0.386 f 0.030 0.050 f 0.002 
Ascorbic acid deficiency 0.315 f 0.045 0.021 f 0.001 0.412 f 0.049 


4 Significantly different from control (p < 0.05). 


Table V-Effect of Ascorbic Acid Deficiency on Content of 
Microsomal Cytochromes P-450 and b5 and on Ethyl 
Isocyanide Binding Spectra 


7 Diet 7 


Ascorbic Acid 
Control Deficient 


Cytochrome P-450 content 1.676 f 0.027 1 . 3 1 1  f 0.079a 


Cytochrome bs 0.984 f 0.051 1.002 f 0.063 


Ethyl isocyanide spectra 


(nmoles/mg. protein f SE) 


(nmoles/mg. protein f SE) 


(AAlmg. protein/ml.) 
A43Cb-490 nm. 0.100 zk 0.003 0.122 f 0.013 
A455490 nm. 0.076 f 0.001 0.087 f 0.013 
Ratio: 430/455 1.32 f 0.03 1.43 f 0.06 


0 Significantly different from control ( p  < 0.05). 


in its affinity for, or reactivity with, the substrate. This was verified 
by the apparent dissociation constants ( K J  and maximal spectral 
shifts (Amax.) for aniline (Table IV). 


The Vmx. or K ,  for ethylmorphine demethylase was not altered 
in ascorbic acid deficiency; however, hexobarbital oxidase activity 
per unit of protein appeared to be reduced at the four substrate 
concentrations used. This, coupled with the fact that the maximal 
spectral shift (Amx.)  for hexobarbital was significantly depressed 
(Table IV) in the ascorbic acid-deficient animals, indicates that a 


qualitative change is produced in this metabolic system. Thus, it 
appears that oxidative enzymes of hepatic microsomes responsible 
for aniline and ethylmorphine metabolism depend upon ascorbic 
acid for their synthesis or stability, whereas hexobarbital oxidase 
may also be altered in its reactivity with its substrate. 


The cytochrome P-450 content per unit of microsomal protein is 
significantly reduced in the ascorbic acid-deficient guinea pig 
(Table V). The use of ethyl isocyanide to differentiate cytochrome 
P-450 from P1-450 has been proposed (14). The data obtained using 
this ligand indicate that the two forms of cytochrome P-450 are 
equally sensitive to ascorbic acid deficiency (Table V). Thus, al- 
though total cytochrome P-450 is depressed. it is doubtful that its 
qualitative properties are altered. From these studies it appears 
that the limiting factor in ethylmorphine metabolism is the quan- 
tity of microsornal enzyme, but the reduction in metabolism of 
hexobarbital and aniline may be dependent upon both protein and 
cytochrome P-450 loss in the ascorbic acid-deficient pigs. 


Effects of Ascorbic Acid Injections at Timed Intervals on Recovery 
from An Ascorbic Acid-Deficiency State-Twenty-five guinea pigs 
were used for this study, all maintained on an ascorbic acid-de- 
ficient diet as in the previous experiment. Nine control and 16 de- 
ficient animals were injected as described previously. 


After 12 days the deficient animals were injected with ascorbic 
acid (20 mg./kg. i.p.) at 24, 16, 8, 4, and 1 hr. before decapitation. 
Two animals received no ascorbic acid. 


Differences in liver weight-body weight ratios between deficient 
and control animals were not resolved within the 24-hr. period 
following one injection of ascorbic acid (Table VI). Although the 
results were not entirely consistent, the cytochrome b5 content ap- 


Table VI-Recovery of Selected Hepatic Components and Functions following Ascorbic Acid Injections in Deficient Animals 


Component 
Analyzed Time of Ascorbic Acid Injection Prior to Decapitation - 


(Mean f SE)  Deficient 1 hr. 4 hr. 8 hr. 16 hr. 24 hr. Controls 


Protein", 23.0 f 1.0  21.8 f 3.0 39.4 f 5.4  16.0 16.0 24.0 29.0 f 1 . 3  


x 100 5 . 2 0 f 0 . 7 2 b  4 . 6 1 f O . l l b  4 . 8 3 1 k 0 . 3 2 ~  5.443=00.99b 5 .18+00.33c  5 . 0 7 1 k 0 . 3 5 ~  4 . 0 6 + 0  12 Liver weight 
Body weight 
Cytochrome 0.46 f 0.09 0.54 f 0.05b 0.77 f 0.02 - - 0.75 1.01 3= 0.06 


Cytochrome 0.52 f 0.03b 0.62 f 0.06 0.76 f. 0.01 - - 0.70 0.72 f 0.03 


NADPH- 25.18 f 6.58 18.61 + 0.64 17.49 dz 1 . 1 3  - - 27.5 22.59 f 2.28 


mg./g. liver 


P-450d 


b gd 


cytochrome c 
reductasec 


a 105.000xg microsomal pellet, mg./g. liver. b Significantly different from control ( p  < 0.05). c Significantly different from control ( p  < 0.01). 
d nmoleslmg. microsomal protein. 4 nmoles/mg. proteinlmin. 
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Table VII-Activities of Selected Hepatic Enzymes following Ascorbic Acid Injections in Deficient Animals 


Enzyme 
Analyzed 7 Time of Ascorbic Acid Injection Prior to Decapitation 7 


(Mean j= SE)" Deficient 1 hr. 4 hr. 8 hr. 16 hr. 24 hr. 


Aniline 1.22&0.19b 1 . 7 0 f 0 . 3 0  1 . 7 4 ~ k 0 . 4 1  1.28fO.12b 1.56j=00.08c 1 . 7 9 f 0 . 0 3  2 . 3 4 f 0 . 1 2  


Controls 


hydroxy lase 


demet hylase 


oxidase 


oxidase 


0 pmoles substrate metabolized/g. liver/hr. Significantly different from control (p < 0.01). c Significantly different from control (p < 0.05). 


1.58 2.53 =k 0.19 


Hexobarbital 1 . 3 5  f 0.26" 2.95 f 0.41 3.36 3~ 0.04 1.87 1.76 2.86 3.67 f 0.15 


0.57 - 0.25 2.23 f 0.90 Zoxazolamine - 1 . 8 8  f 0.99 - 


1.77 f 0.35 0.96 f 0.32" - 0.79 Ethylmorphine - 


Peared to be restored 4 hr. following injection; however, cytochrome 
P-450 appeared to be depressed for up to 24 hr. NADPH-cyto- 
chrome c reductase was not altered by the deficiency state. 


The altered drug metabolism may require more than a single 
injection of ascorbic acid to reverse the depression induced by 12 
days of the ascorbic acid-deficient diet (Table VII). When comparing 
V,, data, it was found that the maximum rate of aniline metabolism 
per gram liver was not reversed by one injection of ascorbic acid 
given at 1, 4, 8, 16, or 24 hr. prior to  decapitation. The VmaX. for 
ethylmorphine demethylase was consistently about 57 that of 
corresponding control animals, whereas the V,. for zoxazolamine 
hydroxylase was not different as a result of the deficiency state. 
The K ,  for the reaction was altered only with respect to  aniline, 
where it was significantly less than controls at the 4- and 16-hr. 
injection periods. 


Inductive Effects of Sodium Phenobarbital on Kinetics of Hepatic 
Microsomal Drug Hydroxylation-Twelve male albino guinea pigs 
were fed the ascorbic acid-free diet for 12 days. Six of these were 
injected with ascorbic acid as described previously. On each of the 
last 4 days of the diet, all animals were injected with sodium pheno- 
barbital (50 mg./kg. i.p.). The animals were killed 24 hr. after the 
last injection (12th day), and the liver microsomes were prepared and 
analyzed. The activities of microsomes from deficient guinea pigs 
were induced to the same level as the controls (Table VIII). Thus, 
ascorbic acid deficiency does not inhibit induction of aniline hy- 
droxylase by phenobarbital. 


Although the apparent V,,, and K, for ethylmorphine de- 
methylase were approximately twice as great in the ascorbic acid. 


Table VIII-Effects of Ascorbic Acid Deficiency on Kinetics of 
Microsomal Drug Hydroxylation in Sodium Phenobarbitala- 
Treated Animals 


Metabolized/g. Km 9 


Substrate Dietb Liver/hr. f SE m M &  SE 


Aniline Control 10.39 Z'C 0.94 3.54 f 0.59 
Ascorbic acid 10.80 f 0.98 3.54 & 0.98 


Ethylmorphine Control 21.5 Z'C 8.0 47.9 f 22.1 
Ascorbicacid 1 1 . 8  f 3.6  22.6 f 10.6 


deficient 


deficient 


a Sodium phenobarbital (50 mg./kg./day i.p.) for 4 days prior to 
decapitation. b Animals on diet for 12 days. 


treated as in the deficient group, these differences were not statis- 
tically significant. Liver weight-body weight ratios in the two groups 
were not significantly different. These results are in agreement with 
those of Leber et d. (3), who found that phenobarbital induction of 
aminopyrine demethylase was at least equal in scorbutic animals 
as in controls whereas greater induction of cytochrome P-450 oc- 
curred in scorbutic animals than in controls. 
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A decreased particle size in these drug-excipient systems was 
confirmed by differential thermal analysis data; in most cases, a 
2-3" depression in the melting point was observed. Hydrogen bond- 
ing in a gel matrix was apparently responsible for the formation of a 
metastable configuration in two systems: indomethacin and probu- 
col. The polymorphic forms were first detected by differential ther- 
mal analysis and confirmed by X-ray and IR data. The existence of 
multiphase solids was a consequence of the presence of fumed silicon 
dioxide acting as a nucleating agent for the metastable crystals. Al- 
though the dissolution rates of the isolated polymorphs were found 
to be identical t o  those of the original compounds, it is quite possible 
that in the dispersed state the metastable form dissolved at a rate 
faster than the stable form. 


Since drug-excipient interactions do  readily occur in normal 
manufacturing procedures, and since these interactions not only 
alter the physical and chemical properties of the drug but also ap- 
preciably affect the physiological availability of the drug from the 
dosage form, it is highly desirable that such interactions be con- 
sidered as a part of strict in-process quality control. 
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GLC Determination of Chlormadinone Acetate in Plasma 


R .  J .  BOPPA, H. W. MURPHY, J. F. NASH, and C. R. NOVOTNY 


Abstract 0 Plasma samples obtained from monkeys after oral ad- 
ministration of 0.5-2.0 mg. of chlormadinone acetate were ex- 
tracted with hexane. The hexane extracts were washed, concen- 
trated, and analyzed by GLC using a 63Ni electron-capture detector. 
The analyses were performed on a 30.5-cm. (1-ft.) column packed 
with either 3.8% methyl silicone gum rubber on silanized diatomite 
or a mixed phase consisting of 3.0z methyl silicone gum rubber 
and 1.5% polyethylene glycol 20,000 on silanized diatomite. 
Levels as low as 1.0 ng. steroid/ml. plasma were detected by this 
procedure when 5-mi. samples of plasma were available. 


Keyphrases Chlormadinone acetate-GLC analysis, plasma, 
monkeys 0 GLC, electron capture-analysis, chlormadinone ace- 
tate in plasma, monkeys 


Since the introduction of sequential oral contracep- 
tives in  the spring of 1965, chlormadinone acetate, 
6-chloro-17-hydroxypregna-4,6-diene-3,20-dione acetate 
(I), has been used as a progestogen in one of these drug 
products (1). In  1967, Martinez-Manautou et al. (2) 
reported on the contraceptive efficacy of 0.5-mg. daily 
oral administration of chlormadinone acetate as a low- 
dose progestogen, free of estrogen. They considered the 
0.5-mg. tablet an effective, remarkably benign oral con- 


traceptive. During 1968, the 0.5-mg. tablet of chlor- 
madinone acetate was introduced to the market in 
Mexico, France, and Argentina. 


To  demonstrate biological availability of chlormadi- 
none acetate from tablets, it became necessary to develop 
a sensitive analytical method for the detection and 
quantitation of the drug in plasma. Work by Koons and 
Scroggs ( 3 )  and Donoho et al. (4), describing the deter- 
mination of chlormadinone acetate in animal feeds and 
cattle tissue, was helpful i n  the development of such a 
method. The method described in these studies is based 
upon GLC using electron-capture detection. The initial 
studies were performed in monkeys using 0.5, 1 .O-, and 
2.0-mg. doses of chlormadinone acetate. This method 
recently proved satisfactory for the monitoring of blood 
levels of this drug in humans (5). 


EXPERIMENTAL 


Reagents-Chlormadinone acetate, chl~rmadinone-C,-~H ace- 
tate, and chlormadinone caproate (11) were used'. Hexane and 
benzene were spectral quality while toluene and methanol were 


~ ~~ 
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analytical reagent quality. The following were also used: dimethyl- 
diclilorosilane2, methyl silicone oil (SE-30)?, Carbowax 20M z, 
Diatoport S (80-100 mesh):, and methyl vinyl silicone gum rubber 
(UC W-98)3. A molecular sieve, 5A (80-90 mesh), was obtained from 
a commercial source'. 


A standard solution of chlormadinone acetate was prepared by 
dissolving 1.0 mg. of the compound in 100 ml. of anhydrous meth- 
anol. One milliliter of the methanolic solution was diluted to 200 
ml. with deionized water t o  yield a concentration of 50 ng. chlor- 
madinone acetatelm]. 


A standard solution of chlormadinone caproate was prepared 
by dissolving 2.5 mg. of the compound in 100 ml. of hexane. One 
milliliter of the hexane solution was then diluted to 100 ml. with 
the same solvent to yield a concentration of 250 ng. of chlormadi- 
none caproate/ml. This compound served as the mass internal 
standard. 


Apparatus-GLC was accomplished using a chromatograph5 
equipped with a nickel (6SNi) electron-capture detector. Samples 
were taken to dryness under nitrogen by use of an evaporator6. 
Dissolution of the dried samples in benzene was aided by the use of 
ultrasonic vibration7. Fifteen- and 20-ml. tapered glass centrifuge 
tubes8 with Teflon-lined screw-caps were used. 


Chromatographic Conditions--A recorderg (-0.2-1.0 mv.) was 
operated at  a chart speed of 0.63 cm. (0.25 in.)/min. 


The carrier gas, 10% methane-9Oz argon (Matheson), was used 
at a flow rate of 250 rnl./min. The carrier gas was filtered through a 
1.83-m. x 0.63-cm. (6-ft. x 0.25411.) copper tubing filled with 
80-90-mesh molecular sieve 5A. The filter was preconditioned over- 
night at 200" while passing through dry nitrogen. 


'> Applied Science Laboratories, State College, Pa. 


.I Anal;rbs, Inc., Hamden, Conn. 
j F and M, model 402, Hev.lett Packard, Skokie, Ill. 


7 Sonogcn, Cole-Partner, Chicago, Ill. 
8 Mathcson Scientific Co., Chicago, 111. 


F and M Scientific Co., Indianapolis, Ind. 


N-Evnp, Organoniation Associate, Shrewsbury, Mass. 


Honeywell Elektronik 16. 
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Table I-Typical Data Obtained for a Calibration Curve of 
Chlormadinone Acetate 


Weight (ng.) of 
Chlormadinone Acetate/ml. Peak Height Ratio 


1 
2 
3 
4 
5a 


~ 


0.065 
0.140 
0.195 
0.265 
0.365 


The actual chromatogram from which this ratio was obtained is 
given in Fig. 1 .  


A 30.5-cm. by 3.0-mm. i.d. (14.  by 0.13-in. i.d.) all-glass column 
packed with either 3.8% W-98 on Diatoport S or a mixed phase 
consisting of 3.0% SE-30 and 1.5Z Carbowax 20M on Diatoport 
S and operated a t  temperatures of 215 and 230", respectively, was 
used in the analysis. The glass column and glass wool used in 
preparing the column were siliconized prior to use (6). 


The 2.54 X 0.31-crn. (1 X 0.125-in.) metal tubing leading from 
the end of the column to the detector was heated to 240". The de- 
tector itself was at  a temperature of 240". Under these operating 
conditions, chlormadinone acetate had a retention time of 3.6 min. 
and chlormadinone caproate had a retention time of 6.6 min. 
(Fig. 1). With the electron-capture detector operating at  a pulse 
interval of 150 psec., 6 ng. of chlormadinone acetate gave full-scale 
deflection at range 10, attenuation 2 (8 x lo-" a.f.s.). 


Procedure-To minimize the adsorption of the drug onto the 
walls of the glassware, all tubes were cleaned with chromic acid 
cleaning solution, rinsed with water,and dried. The clean tubes were 
siliconized using a 1.0 % solution of dimethyldichlorosilane in 
toluene and air dried. 


Blood samples were collected into heparinized syringes. The 
blood was immediately centrifuged to  separate the plasma; the 
fresh plasma was placed in the freezer and stored at  -20" until 
assayed. 


The plasma samples from monkeys were analyzed in the same 
manner as samples prepared for the calibration curve, except that 
the addition of chlormadinone acetate was omitted. 


A calibration curve was prepared by the following procedure: 
5 ml. of human plasmalo, shown to  be free of chlormadinone 
acetate and caproate, was pipeted into each of five, 20-ml. screw- 
cap centrifuge tubes. To separate tubes was added 0.1, 0.2, 0.3, 
0.4, or 0.5 ml. of the standard solution of 50 ng./ml. of chlormad- 
inone acetate. Thus, individual tubes contained 5, 10, 15, 20, and 
25 ng. of chlormadinone acetate. The solutions were incubated at 
37" for 15 min. After incubation, 0.5 ml. (125 ng.) of the mass 
internal standard solution of chlormadinone caproate was added to  
each tube. Each tube was thoroughly shaken for several minutes, 
then 1 ml. of a saturated aqueous solution of sodium carbonate 
was added, and the contents were intimately mixed. T o  the homo- 
geneous mixture in each tube was added 9.5 ml. of spectroquality 
hexane. Again the tubes were vigorously shaken for 5 min. and 
then centrifuged a t  3000 r.p.m. for 5 min. or until the phases 
separated. Approximately 8.5 nil. of the hexane phase was trans- 
ferred to  another 15-ml. centrifuge tube. Five milliliters of 0.5 N 
sodium hydroxide was added to  the tube containing the hexane 
phase. The mixture was first shaken for 5 min. and then centri- 
fuged for 5 min. at  3000 r.p.m. Finally, the hexane phase was 
transferred to a 15-ml. tapered centrifuge tube, and the solvent 
evaporated at 40" under nitrogen on the evaporator. The sides of 
each tube were washed with 1 ml. of spectroquality benzene and 
again evaporated to dryness. The washing was repeated. To each 
tube was then added 40 pl. of spectroquality benzene, the tube was 
sonorated for 15 sec., and 5 111. of the resulting solution was in- 
jected on the chromatographic column. Data of a typical calibra- 
tion curve are given in Table I. From the table it is evident that the 
instrument response is linear throughout the concentration range 
employed. 


Following chromatography, the baseline was drawn and peak 
heights of chlormadinone acetate and caproate were measured. 
The ratios obtained by dividing the chlormadinone acetate peak 
heights by chlormadinone caproate peak heights were plotted on 


~ ~ ~ ~~~~~ 


1" Obtained from the Lilly Clinic 







Table 11-Precision and Accuracy in Measurement of 
Chlormadinone Acetate Added to Human Plasma 


Table 111-Recovery Studies of Chlormadinone Acetate-G3H 
Added to Human Plasma 


Weight of 
Chlor- 


madinoiie 
Study Volume Number Acetate 
Num- of of (ng.!ml.) RSD, RE, 
her" Sample, ml. Knowns Added Mean % % 


~~~ ~~~ 


1 5 5 1.00 1 . 0 2  z t 4 . 4  $ 2 . 0  
1 5 5 3 . 0 0  3 . 4 8  f 2 2 . 1  + 1 6 . 0  
1 5 5 5 .00  5 . 7 8  f 6 . 9  + 1 5 . 4  
2 5 5 0 .50  0 . 5 7  f11.5 i - 1 3 . 2  
2 5 5 1 . 5 0  1 . 5 1  f5.2 4-0 .7  
2 5 5 3 . 3 3  3 . 2 6  * 1 , 9  - 2 . 1  


a Study 1 was done on the 
SE-30-Carbowax 20M. 


W-98 column, and Study 2 was done on the 


the ordinate of Cartesian graph paper, and the weights in nano- 
grams of chlormadinone acetate per sample were plotted on the 
abscissa. By using the peak height ratio of a sample and the calibra- 
tion curve (Table I), the total weight of chlormadinone acetate in 
the sample was determined by reading from the ordinate to the 
abscissa. The weight of chlormadinone acetate per milliliter was 
obtained by dividing the total weight by the sample volume. A Cali- 
bration curve was prepared each day. To obtain the precision and 
accuracy of the assay method, plasma samples prepared to contain 
known amounts of chlormadinone acetate were randomized and 
assayed with the collected plasma samples (Table 11). 


Extraction Studies-Chlormadinone acetate, tritium labeled at  
C, and having an original specific activity of 5 pc./mg., was purified 
on a silica gel plate by preparative TLC. The solvent system used 
was 30 parts ether to 70 parts chloroform. The chlormadinone 
acetate ( R ,  value 0.43 after two developments) was visualized with 
the aid of 254-nm. wavelength U V  light, outlined, and scraped from 
the plate. Chlormadinone acetate was extracted from the plate 
scrapings with a 1 :9 mixture of methanol-chloroform. The radio- 
labeled drug was determined to be chemically pure by IR spec- 
troscopy and radiologically pure by TLC. The chlormadinone 
acetate thus obtained had a specific activity of 1.79 pc./mg. (mean 
of five studies, three samples each study; range 1.70-1.93). 


This labeled chlormadinone acetate was added to plasma sam- 
ples which were then equilibrated at 37" for 15 min. The concen- 
trations used were either 10 or 100 ng./5 ml. of plasma. The plasma 
was extracted as already described. Samples of the plasma, the 
aqueous wash phase, and the final hexane phase were analyzed for 
radioactivity. These results are summarized in Table 111. The 
plasma was combusted by the Schoniger procedure. The conibus- 
tion residue was dissolved in 10 ml. of a solution composed of three 
parts of ethanolamine and seven parts of 2-metho~yethanol~~.  To this 
solution was added 10 ml. of toluene scintillator counting solution 
(10 ml. toluene with 0.5% 2,5-diphenyloxazole). The aqueous phase 
was added to a solution of equal volumes of 2-metho~yethanol~~ and 
toluene containing 0.5 2,5-diphenyloxazole, while the hexane 
phase was evaporated and the residue taken up in toluene containing 
0.507, 2,5-diphenyloxazole and 0.01 72 1,4-bis-2-(4-methyl-5-phenyl- 
oxazoly1)benzene. The resulting solutions were counted on a liquid 
scintillation spectrometerl2. Corrections for quenching were made 
by the internal standardization and channel ratio method. 


Preparative GLC-The chromatograph was equipped with a 
61.0-cm. (2-ft.), 3.8% W-98 on Diatoport S column, a flame- 
ionization detector, and a gas stream splitter system. The carrier 
gas flow (helium) was approximately 100 ml./min., while the tem- 
perature was 215" as used for the electron-capture system. Chlorma- 
dinone acetate was injected onto the column, and the material 
eluted was collected in a capillary tube at  room temperature. The 
contents of the capillary tube were analyzed by mass spectroscopy 
and found to be identical with authentic chlormadinone acetate. 
Thus, chlormadinone acetate is stable under the GLC conditions em- 
ployed in this study. 


Drug Identification-Unfortunately, little is known with respect 
to the metabolic fate of chlormadinone acetate; therefore, none of 
the metabolites was available as reference materials. 


Weight of 
Chlorniadi- 


none --Percent Distribution of Radioactivity"-- 


C1-3H Ex-  Sodium in 
Acetate Lost 


Study (ng./ml.) tracted Hydroxide Dry 1-10 ml. 2-5 ml. 
Number Added Plasma Wash Down Hexane Hexane 


1 100 
2 100 
3 100 
4 100 
5 10 
6 10 
7 10 
8 10 


< O .  5 - 


- 
< 0 . 3  
<1.0 
< 1 . 5  
<1.0 


a These results are not corrected for mechanical loss, emulsion loss, 
etc.  The actual extraction efficiency for the drug into hexane from water 
was determined to be >95 %. 


The mass spectrum of the plasma extract of a monkey that had 
been dosed with 100 mg. of chlormadinone acetate displayed too 
much background interference to  prove conclusively that the GLC 
peak measured during assay was chlormadinone acetate. Chlor- 
madinone, the corresponding alcohol (6-cliloro-4,6-pregnadien- 
17a-ol-3,20-dione), was also detected with equal ease by GLC with 
electron capture, and the retention time was slightly less, under the 
conditions specified, than that for the acetate ester. Mixtures of 
pure alcohol and acetate indicated that when the alcohol content 
was raised beyond 2 5 z ,  a shoulder was displayed on the leading 
edge of the ester peak. 
In further studies, another monkey was dosed by mouth with 


8.18 pc. (approximately 2 mg.) of C1-tritium-labeled chlormadinone 
acetate. A total of 10 ml. of plasma was collected 4 hr. after dosing. 
Two 5-ml. portions of plasma were extracted and washed as pre- 
viously described, except that the addition of 0.5 ml. of the mass 
internal standard solution of chlormadinone caproate was omitted 
and 10 ml. of spectroquality hexane was used. After the evapora- 
tion and washdown steps were completed, the dried residue was 
dissolved in 250 pl. of chloroform with the aid of a sonorator and 
the entire solution was spotted on a preparative silica gel plate 
with fluorescent indicator along with 100-mcg. samples of chlorma- 
dinone (alcohol) and chlormadinone acetate in adjacent lanes. This 
plate was developed twice with a solvent of ether-chloroform 
(30  : 70). 


The silica gel from areas 1.5 X 2 cm. adjacent to that area occupied 
by the unlabeled chlormadinone and chlormadinone acetate were 
scraped from the plate, and each was placed in a counting vial with 10 
ml. of toluene containing O . S %  2,5-diphenyloxazole and 0.01 1,4- 
bis-2-(4-methyl-5-phenyloxazolyl)benzene. The vials were well 
shaken, the silica gel was allowed to settle, and the supernatant 
liquid was counted on the liquid scintillation spectrometer. After 
corrections for quenching, these data indicated that about one- 
third of the tritium-labeled material was moving with the mobility 
of chlormadinone and two-thirds of the tritium-labeled material 
was moving with the mobility of chlormadinone acetate. This study 
indicates that some chlormadinone is probably being measured 
with and reported as chlormadinone acetate. 


RESULTS AND DISCUSSION 


From Table IV,  it is evident that the peak plasma concentration 
of chlormadinone acetate occurs in monkeys from 3 to 6 hr. after 


Table IV-Concentration of Chlormadinone Acetate Found in 
Plasma from Monkeys 


Animal Tablet Time, hr.----- 
Weight, Dose, O " 1 2  3 4 6  


kg. mg. Sex Weight of Chloriiiadiiione Acetate, ng./ml. 


3.1 2 . 0  M 0 .0  6 . 2  12 .5  16 .8  12 .8  - 
2 . 8  2 . 0  F 0.0 7 . 2  11 .5  10.8 1 3 . 2  - 
4 4  1 0  M 0.0 - 3 . 7  - 6 . 9  4 . 2  
3 . 8  0 5  F 0 0  - 4 5  - 5 . 8  1 . 4  


1 1  Methyl Cellosolve. 
I ?  Packard Tricarb model 3380. 


No GLC peak was ever observed in  the region of chlormadinone 
acetate in the blank plasma samples obtained from monkey or human 
( 5 ) .  
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administration of the medication. Tn the monkey studies, the con- 
centration of the drug found in the plasma was proportional to 
the dose administered. However, the 2-mg. dose did not give four 
times the plasma concentration obtained from the 0.5-mg. dose. 
In the published human data ( 5 ) ,  the peak concentrations ap- 
peared 2-3 hr. postadministration. 


Data in Table I1 indicate that the method is reliable and repro- 
ducible within & 2 0 z  of theory with both columns. However, it 
can be easily seen that the mixed phase column gave better overall 
accuracy and precision than did the W-98 phase. This result is 
readily explained on the basis of interference of contaminants 
present in the plasma. The data obtained using the mixed phase 
column show the method to be reproducible at  a concentration of 
0.5 ng. chlormadinone acetateiml. of plasma when a 5-ml. plasma 
sample is used. 


The radioisotopic studies of extraction efficiency (Table 111) show 
that one 10-ml. extraction gave approximately 58 recovery, while 
two 5-ml. extractions gave approximately 71 recovery. The data 
also show that little i f  any drug is lost during washing and that only 
a small percent is lost during the concentration stage. These two 
processes probably account for less than 5 %  loss. The majority 
of the drug lost can be attributed to the incomplete separation of 
the hexane phase from the aqueous phase due to emulsification at  
the solvent interface. Since special care must be taken so that none 
of the emulsion layer is transferred, no more than 8.5 ml. of hexane 
could be recovered of the 10 ml. added. Taking the mechanical 
losses into account, the extraction efficiency is greater than 95 z. 
It also appears from Table I11 that a 10-fold variation in plasma 
concentration of drug has little effect on percent recovery. 


Although the majority of steroids are very insensitive to electron- 
capture detectors, a few (e.g., those containing a vinyl ketone func- 
tion) do  possess a reasonable amount of electron affinity. It has 
been shown that the vinyl ketone function has greater electron- 
capturing capability provided it has an opportunity within the 
molecule to  interact further electronically (e .g . ,  to be further con- 
jugated) (7). Thus, chlormadinone acetate, which has an additional 
double bond in conjugation with the vinyl ketone, is enhanced in 
electron-capture ability. The electron-capturing properties of 
chlormadinone acetate are even further enhanced by the presence 
of the chlorine atom at Cg. The formation of halogenated deriva- 
tives of steroids for the purpose of enhancing electron-capture 
ability is well documented in the literature (8). Thus, chlormadinone 
acetate is a structurally ideal steroid for electron-capturing ability. 


The use of a 30.5-cm. ( 1 4 . )  column was based on the following 
reason. At 220”, a silicone column gave a reasonable amount of 
bleed, which directly diminished the sensitivity of the electron-cap- 
ture detector. However, after several days of conditioning, this 
bleed became minimal and the electron-capture detector gave 
reasonable sensitivity. Columns longer than 30.5 cm. (1 ft.) re- 
quired higher temperatures; correspondingly, a higher bleed was 
observed and this greatly reduced the sensitivity of the electron- 
capture cell. 


Recoveries of chlormadinone acetate from plasma were studied 
under a wide variety of conditions. Extraction from acidified 
plasma gave chromatographs in which excess background was 
observed; hence, poor results were obtained. On the other hand, 
extraction from plasma made basic with sodium hydroxide gave 
chromatograms with very little background. However, sodium hy- 
droxide was unsatisfactory since it caused hydrolysis of the acetate 
moiety present in the drug. It was found, however, that a sodium 
hydroxide wash of the hexane extract was possible since hydrolysis 
of the drug occurred only in the aqueous phase. Extraction from 


plasma made basic with sodium carbonate resulted in chroma- 
tograms with interfering background intermediate between that 
obtained with plasma made basic with hydroxide and that obtained 
from acidified plasma. Thus, the carbonate-treated plasma extrac- 
tion followed by a sodium hydroxide wash of the hexane phase was 
the method of choice. 


Benzene, ethyl acetate, ether, chloroform, and methylene chloride 
could not be used as extraction solvents, since they extracted con- 
siderably more interfering material than did hexane. The halo- 
genated solvents, of course, have electron-capturing ability and 
could conceivably interfere with the detection method if any residue 
remained. 


Chlormadinone caproate was chosen as the mass internal stan- 
dard, since it is very similar in structure to  chlormadinone acetate 
and hence would be expected to be very similar in solubility, ex- 
tractability, and electron-capture detection. The chromatographic 
retention time of the internal standard was also very favorable. 
Since the mass internal standard is added a t  the initial stage of the 
procedure, it compensates for variability in extraction and removes 
the necessity for quantitative transfers. 


Analyses of plasma samples were performed on both the W-98 
column and the mixed phase column. Although both columns gave 
satisfactory results. the mixed phase column was the one of choice. 
This column gave a greater sensitivity of detection primarily due 
to the fact that the peak corresponding to chlormadinone acetate 
was further removed from the descending portion of the back- 
ground peak. The phenomenon of background influence on sample 
peak height observed during electron-capture analysis was ade- 
quately described by Rapp and Eik-Nes (9) and will not be discussed 
here. 


Although radioisotope studies showed that two 5-ml. extrac- 
tions of plasma with hexane gave better recovery than one 10-ml. 
extract, upon chromatography the two 5-ml. extractions also gave a 
larger amount of background than did the one 10-ml. extraction. 
In practice, it was observed that the two chromatograms appeared 
very comparable in chlormadinone acetate peak heights. Thus, on 
the basis of simplicity. the one 10-ml. extraction procedure was 
adopted. 


If the pure drug in hexane was injected into the gas chroma- 
tograph. the limit of detection was found to be 0.20 ng. However, 
in actual plasma samples, the limit of detection was somewhat 
lower (-0.5 ng.) due to the background encountered which de- 
creased the sensitivity of the cell. 
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Correlation of Plasma 4,5-Bis (p-methoxyphenyl) -2-phenylpyrrole-3- 
acetonitrile Levels with Biological Activity 


DAVID G. KAISER. and E. MYLES GLENN 


Abstract 0 Investigations with 4,5-bis(p-methoxyphenyl)-2-phenyl- 
pyrrole-3-acetonitrile, a potent anti-inflammatory, antiarthritic, 
and antipyretic drug, were undertaken to: (u) develop a simple, 
rapid, sensitive, and specific method of analysis for the intact drug 
in biological matrixes; ( b )  determine the relationship between plasma 
drug concentrations, administered dose, and anti-inflammatory 
activity in polyarthritic rats; ( c )  compare the normalized plasma or 
serum drug concentrations in rats, dogs, and man when an equiva- 
lent oral dose was administered; and (d) estimate the plasma or 
serum drug disappearance half-life in rats, dogs, and man after 
single-dose oral drug administration. The results indicated that 
plasma drug concentrations in the polyarthritic rat, as measured by 
fluorometric techniques, were dose related. Biological activity, ex- 
pressed as mean percentage inhibition of arthritis, was rclated to 
the logarithm of the average plasma drug concentration (micrograms 
per milliliter) in a dosage interval at  the equilibrium state. After 
single-dose oral drug administration, a t  calculated equivalent dose 
levels (milligrams per kilogram), drug concentrations found in the 
plasma or serum of human subjects were greater than those found 
in rats or dogs, The plasma drug disappearance half-life found in 
man ( t ~ / ?  = 1.5-2.0 hr.) was more similar to dogs ( f l ; ,  = 1.5-2.0 
hr.) than to rats (ti,i2 = 11.4 hr.). 


Keyphrases 0 4,5-Bis(p-methoxyphenyl)-2-phenylpyrrole-3-aceto- 
nitrile-orrelation of plasma levels with biological activity 0 
Plasma levels, 4,5-bis(p-methoxyphenyI)-2-phenylpyrrole-3-ace- 
tonitrile-correlated with biological activity 0 Spectrophoto- 
fluorometry-analysis, 4,5-bis(p-methoxyphenyl)-2-phenylpyrrole-3- 
acetonitrile in plasma 


In a continuing search for nonsteroidal anti-inflam- 
matory drugs, 4,5-bis@-methoxyphenyl)-2-phenylpyr- 
role-3-acetonitrileL (I)  (1) was found to be one of the 
most potent, orally active agents, based on the hind- 
paw edema assay in rats, of a large number of struc- 
turally related compounds. 


To  study the absorption, metabolism, and excretion 
of these agents in  animals and man, a method for drug 
analysis applicable to plasma, serum, urine, and feces 
was needed. Preliminary explorations showed fluorom- 
etry to be a generally useful tool for the determination 
of substituted pyrroles in this series. Since Compound 
I was selected for extensive biological evaluation (2), 
a simple, rapid, sensitive, and specific fluorometric 
method of analysis for this compound in biological 
matrixes was developed. The present study was under- 
taken to: (a)  determine the relationship between plasma 
I concentrations, administered dose, and anti-inflam- 
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Figure I-Excitation (----) and fluorescence (- - -) spectra oJ I iri 
bemene (excitutioti nweletigtli 325 nm., fluorescence waueletrgfli 385 
nm., meter nrriliiplier setting 0.1, 0.287 mcg.lml.). 


matory activity in polyarthritic rats; and (6)  compare 
the normalized I concentrations in circulation and the 
I disappearance half-lives in  plasma or serum of rats, 
dogs, and man after single-dose oral drug administra- 
tion. 


EXPERIMENTAL 


Reagents and Materials-The Compound I used in this study was 
synthesized2. Aqueous sodium hydroxide ( I  N )  was stored in glass 
containers. A solution of 2,5-diphenyloxazole3 in 95"/, ethanol (0.1 
mcg./ml.) was utilized as a spectrophotofluorometric standard. All 
solvents were reagent grade and were used as supplied. The purity 
or each lot of benzene was determined by measuring the fluorescence 
response at  385 nm. when excited at 325 nm. Acceptable lots, stored 
in glass containers, showed no detectable fluorescence at  these 
wavelengths and a 0.1-m. mu1tiplie.r setting. All pipets andcentrifuge 
tubes were thoroughly prerinsed with alcohol or acetone and air 
dried. 


Instrumentation-A two-speed reciprocating shaker' was used 
for shaking the samples in the horizontal position. All fluorometric 
measurcmen(s were made with a spe~trophotofluorometer~ equipped 
with a xenon lamp d.c. power supply6, a compact xenon arc lamp 
(150 w.)7, a potted photomultiplier tube (1P28)5, and a two-axis 
recorder8. 


TLC-All chromatography was conducted on thin layers (250 
p )  of silica gel GFr:,,O, ascendingly developed in a solvent system 
composed of 20% (v/v) ethyl acetate in cyclohexane. The separated 
materials weie visualized by: ((I) irradiation of the plates with short 
wavelength (254 nm.) and long wavelength (366 nm.) UV lamps, or 
(h )  spraying with 50p4 (v/v) aqueous sulfuric acid and heating a t  
110" for 20 min. Under these conditiolls, intact I had an Rf value 
of 0.26. 


Preparation of Animals-In studies designed to determine the 
utility of the analytical methodology, Spartanlo male rats, weighing 
192 f 9 g. each, were fasted for 16 hr. prior to single-dose oral drug 
administration, Drug-treated animals received 52.1 mg. I/kg. body 


2 The Research Division of The Upjohn C o .  ( I ) .  
3 Pilot Chemicals. Inc., Watcrtown. Mass. 
4 Eberbach & Sons, Ann Arbor, Mich. 
1 Aminco-Bowman, American Instrument Co..  Silver Spring, Md. 
0 Sola Electric Co..  Elk Grove. 111. 
7 Engelhard Hanovia, Inc.. Newark. N. J.  
8 Autograf, F. L.  Moseley Co.. Pasadena, Calif. 
9 Brinkmann Instruments, Inc., Long Island. N.  Y. 
'x Spartan Research, Haslrtt. Mich. 







Table I-Comparison of Fluorescence Responsesn Observed in 
Benzene Extracts of Plasma, Serum, Urine. and Fecal Specimens 
from Various Speciesb 


Biological 
Matrix Rat Dog Man 


Plasma 6-15(50) 5-8(4) 14314) 
Serum 5-1 O( 50) 3-7(4) 1-4(3) 
Urine 61 -226( 5) 57-79(4) 7-28( 14) 
Feces 1320-2950(5) N.D.O N.D.c 


0 Range of fluorescencc responses, expressed as millimicrogram I 
equivalents per milliliter or gram of original sample aliquot. * Values in 
parentheses indicate the number of animals or subjects. c N.D. = not 
determined. 


weight, contained in 0.5 ml. polysorbate 80 USP, by gastric intuba- 
tion. All animals were allowed free access to food and water. At 
predetermined time intervals from 0 to 24 hr., five rats per time 
interval were sacrificed and exsanguinated cia the dorsal aorta. 
Blood spccimens were withdrawn and centrifuged. The serum was 
harvested and stored at  - 18 '. 


Four beagle dogs, weighing 10.2 + 0.5 kg. each, were fasted for 
16 hr. prior to single-dose oral drug administration. Two dogs 
received 30 mg. likg. body weight in polysorbate 80, and the two 
remaining animals served as vehicle-treated controls. All animals 
were allowed free access to food and water. Blood specimens were 
withdrawn from the jugular vein at 0, 1, 2, 3, and 6 hr. after drug 
administration. The serum was harvested and stored at  - 18". 


For the correlation studies. Spartanio male rats (2W280 g.) 
were made polydrthrilic by intradermal injection into the tail of 
0.5 mg. of dead Mycobacieriimi butyricrtrn (Difco) in 0.1 ml. mineral 
oil on Day I .  On Day 15, rats with severe arthritis were visually 
scored. The polyarthritic animals were divided into two groups and 
weighed. On Day 16. the test group, divided into four subgroups, 
receivedthedrugorally, b.i.d.,at levelsof0,2.4,6.8,and 11.4mg./kg. 
in 0.5 ml. polysorbate 80. After 28 doses (Day 29), the arthritic scores 
were again determined. Beginning with the 29th (last) dose, plasma 
drug concentrations were measured at  0, 1.2. 3,4,6,8, 12, and 24 hr. 
Five rats per dosage. group per time interval were used for the deter- 
minat ion of plasma drug concentrations. Forty-five rats per dosage 
group were used for the determination of plasma inflammation 
units. visual scoring of inhibitory effects on inflammation, and 
effects on body weights. 


Drug Administration to Mdn-TWO normal human male volunteer 
subjects were fasted for 16 hr. prior to drug administration. Sub- 
jects E.G. and D.K. received single oral doses of 1.333 and 0.524 
my. I/kg. body weight in polysorbate 80, respectively. Food was 
withheld for an  additional 4 hr. Blood specimens were withdrawn 
at  0, 1, 2, 3, 4, 6, 8, and 24 hr. after drug administration. All 
plasma specimens were harvested and stored as previously de- 
scribed. 


Plasma Inflammation Units Assay--The assay method for the 
determination of plasma inflammation units in the adjuvant- 


Table 11-Excitation Maxima, Fluorescence Maxima, and TLC 
Mobilities of 4,5-Bis(p-methoxyphenyl)-2-phenylpyrrole Analogs 


Excita- Fluores- 
tion cence 
Max- Max- TLC Mo- 


imum. imum. bilities. 
R I  R2 nm. nm. R/" 


H H 335 395 0.35 
H - C H , - e N  325 385 0.26 
H -CHrN(CHah 325 390 0 .~ 
CH, H 320 390 0.41 
CH, -CH?-CkN 320 380 0.30 
CHI -CH,-N(CH,)* 315 380 0 


(1 All thin-layer chromatograms were ascendingly developed in a sol- 
vent system composed of 20% (v /v )  ethyl acetate in cyclohexane. 


Table III-Recovery of I from Aqueous Solution 
and Rat Specimens 


Biological Added, Found, Recovery, 
Matrix mcg./ml. mcg./ml. z 


Water" 0.105 0.102 97.1 
0.263 0.253 96.2 
0.526 0.520 98.9 


Rat plasmab 0.102 0.094 92.2 
0.255 0.291 114.1 
0.510 0.523 102.6 


Mean _t SD = 9774 f 1.38 


Mean T= S D  = 102.9 * 1 1 . 0  
Rat  serumc 0.102 0.090 88.2 


0.255 0.247 96.9 
0.510 0.525 102.9 


Mean + S D  = -96.0 f 7.4 
Rat urined 1.052 1.034 98.3 


2.630 2.659 101.1 
5.260 5.086 96.7 


Mean + SD = 98-17 f 2.2 
Rat fecesc 10.52 9.39 89.3 


26.30 25.22 95.9 
52.60 52.44 99.7 


Mean f SD = 'qK0 f 5.3 
0 Observed values correctcd for a water blank of 0.010 mcg./ml. 


bobserved values corrected for a plasma blank of 0.014 mcg./ml. 
e Observed values corrected for a serum blank of 0.010 mcg./ml. d Oh- 
served values corrected for a urine blank of 0.23 nicg./ml. c Observed 
values corrccted for a feces blank of 2.95 mcg./g. 


induced polyarthritic rat was described previously by Glenn and 
Kooyers (3). 


Fluorometric Assay-Place 2 ml. of serum or plasma in a glass- 
stoppered centrifuge tube. Add 0.05 ml. 1 N aqueous sodium hy- 
droxide and 5 ml. benzene, and shake in the horizontal position for 
20 min. Avoid exposure to direct sunlight. Centrifuge for 10 min. 
a t  2000 r.p.m. Transfer a 4-ml. aliquot of the benzene layer to a 
fresh glass-stoppered centrifuge tube and store in the dark until 
assay. By using the same excitation and emission maxima as was 
used for I, the fluorometer is standardized with a solution of 2,5- 
diphenyloxazole in 95% ethanol (75% transmission; 0. I-m. mul- 
tiplier setting). The excitation maximum for l in benzene is a t  325 
nm. and the emission maximum is at  385 nm. (Fig. I). The con- 
centration of I is determined from a standard curve with appro- 
priate corrections for the serum or plasma blank. 
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Figure 2-UV absorption spectra of I iir acidic, iieirtrd, u i d  basic 
ethatrol (9.18 mcg./ml.) at time zero ( - ) and 24 Iir. (- - -) after ex- 
positre 10 direr! srtnligIrt. 
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Table IV-Comparison of I Concentrations in Rat Serum, Dog Serum, and Human Plasma (Micrograms per Milliliter) after Single- 
Dose Oral Drug Administration in Polysorbate 80 


Species : 
Dose, rng./kg.: 


Specimen Analyzed: 


Rat 
52.1 


Serum 


Dog M65-204 3 Dog 5272 0 Man (E.G.) Man (D.K.) 
30.0 30.0 1.333 0.524 


Serum Serum Plasma Plasma 


Hours 


1 
2 
3 


1 G d P  


E C  


Ratio’ 
E . 2  


1.36 & 0.14O 
1.38 f 0.32 
1.18 4Z 0.31 
0.99 zt 0.07 


6.59 


1.10 
0.021 
1 .oo 


0.30 
2.38 
1.16 
0.33 


5.50 


0.92 
0.031 
1.47 


1.29 
1.22 
0.79 
0.27 


4.51 


0.75 
0.025 
1.19 


0.140 
0.263 
0.203 
0.070 


0.915 


0.153 
0.115 
5.48 


0.083 
0.113 
0.065 
0.013 


0.346 


0.058 
0.111 
5.29 


~~~ 


0 Mean * S E M  for five rats per time interval. Integrated area under the serum or plasma level curve over the &6-hr. time interval, expressed as 
micrograms hour per milliliter, wherc C = concentration of I in micrograms per milliliter and f = time in hours. c Average serum or plasma drug 
concentration in micrograms per milliliter obtained by dividing integrated area by 6. d Average serum or plasma drug concentration eauivalent to a 
1-mg./kg. dose of I ,  expressed as micrograms per milliliter. Average serum or plasma Concentration ratio compared to the rat. 


RESULTS AND DISCUSSION 


Solution Stability of 4,5-Bi~p-1nethoxyphenyl)-2-phenylpyrrole-3- 
acetonitrile-Standard I has absorption maxima (AzLY’) at 23 1 
and 308 nm. with molar absorptivities (t) of 19.900 and 26,900, 
respectively. During the routine U V  determination of absorptivities 
in 95% ethanol, 0.01 N HCI in 95% ethanol, and 0.01 N KOH in 
95% ethanol, spectral changes were observed between 0 and  24 hr. 
(Fig. 2) which could not be reversed by neutralization with acid or 
base. Changes indicative of a degradation were observed also in the 
fluorescence excitation spectra. TLC showed two zones with R, 
values of 0.1 5 and 0 in addition to intact I. confirming degradation. 
Subsequent experiments demonstrated that a photochemical deg- 
radation waS; Involved, since I was stable in  acidic, neutral, and 
basic ethanol for at least 24 hr. when stored in the absence of direct 
sunlight. Similar investigations conducted with aqueous suspen- 
sions, benzene solutions, and polysorbate 80 solutions indicated 
that I was stable for at least 24 hr. in the absence of direct sunlight. 
As a precaution, all specimen extracts were stored in the dark until 
assayed. The stability studies conducted on the acidic aqueous sus- 
pension and polysorbate 80 solutions indicated that I should be 
stable in the stomach. TLC of rat plasma extracts provided addi- 
tional evidence that the intact compound is absorbed. 


Assay Sensitivity and Specificity-The maximum fluorometric 
sensitivity of I in benzene is 0.005 mcg./ml. using a meter multiplier 
setting of 0.003. However, the lower limits of detection of I in 
extracts of rat plasma. serum, urine, and feces are 0.03 mcg./rnl.. 
0.02 mcg./ml., 0.46 rncg./ml., and 5.9 mcg./g. of the otiginal sample 
aliquots, respectively. Thest. values are based on a sample response 
two times that of the appropriate blank (Table 1). Under the assay 
conditions described, a linear relationship between fluorescence 
response and concentration is obtained for I in benzene over the 
range of M.3 mcg./ml. Direct quantification from a standard curve 
has been adequate. The method detects any material that is extract- 
able into benzene under alkaline conditions and fluoresces at  385 
nm. when excited at  325 nm. Excitation, fluorescence, and TLC 
data (Table 11) show the general applicability of the method to  the 
determination of similarly substituted pyrroles. Interference by 
endogenous materials in most specimens is very low, as indicated 
by the lower limits of detection cited here. However. metabolic 
transformations in 1 could give rise to circulating materials respond- 
ing t o  the assay. Accordingly, excitation spectra were routinely 
obtained on plasma and serum extracts as  a check on specificity; 
metabolic changes would be expected t o  result in  altered UV spectra 
and; therefore, fluorescence spectra. No such changes were observed. 
Moreover, TLC examination of extracts of plasma and serum speci- 
mens from drug-treated rats, dogs, and humans showed that greater 
than 90% of the total fluorornetric response was in the zone cor- 
responding to the intact drug(Rf 0.26). 


Table V-Plasma Levels of I in Adjuvant-Induced 
Polyarthritie Rats after Multiple Oral Doses of the Drug in 
Polysorbate 80 


I Plasma Concentrations (mrncg./ml.)” f SEMb 
Hours 2 . 4  mg./kg. 6 . 8  mg./kg. 11.4 mg./kg. 


0 
1 
2 
3 
4 
6 
8 


12 


ob 37 f 6 77 f 16 
234 4Z 50 137 =k 31 37 f 6 


59 f 13 135 f 19 219 f. 42 
41 & 7 174 f 18 280 zt 33 


139 f 22 236 zt 41 58 f 13 
26 f 5 124 f 20 272 + -16 


WJ 151 f 9 247 f 55 
138 f 24 Ob 77 f 12 


24 Ob ob 37 f 5 


S , l Z  c . d i d  276.0 1528.0 2686.5 


C‘ 23.00 127.33 223.88 


a mmcg./ml. = millimicrograms per milliliter. * S E M  = standard 
error of mean. All values corrected for an average plasma blank of 10 
mmcg./ml. c Time after last dose of drug on Day 29. d Integrated area 
under the plasma levcl curve over the 0-12-hr. dosage interval, ex- 
pressed as millimicrograms hour per milliliter, where C = concentration 
of I in millimicrograms per milliliter and t = time in hours. e Average 
plasma drug concentration in millimicrograms per milliliter obtained by 
dividing integrated area by 12. I Plasma I concentration less than 20 
mmcg./ml. 
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Table VI-I Inhibitory Effects in Adjuvant-Induced Polyarthritic Rats after Multiple Oral Doses of the Drug in Polysorbate 8Om 


Dose of I, Initial Final Plasma 
mg./kg. Body Body Change in Body Initial Final Inflammat ion 


orally, b i d .  Weight, g. Weight, g. Weightb, g. Score Score Percent P Units Percent I c  


-. . 51 & 5 .8  0 240 248 8 f 6 .7  8.0 f 0 7 . 5  =k 0 . 3  - 
2 . 4  239 258 19 f 9 . 7  8.0 f 0 5 . 8  f 0 . 6  23 39 f 5.4  24 
6 . 8  235 278 43 f 5 . 8  8 . 0  f 0 3 . 8  f 0 . 6  49 22 + 3 . 4  57 


63 11.4 240 279 39 + 10.7 8 . 0  f 0 2 .9  f 0 . 4  61 19 =k 2 .8  


(1 Values reported are mean f SEM for 45 rats per group. b Animals receiving effective nonsteroidal anti-inflammatory agents showed improvement 
in body weight gain. This serves as another index for the determination of the effectiveness of anti-inflammatory drugs. since untreated adjuvant-in- 
duced polyarthritic control rats usually lose weight. The slight weight increase in vehicle-treated controls may be attributable to increased absorption 
of dietary nutrients or a slight anti-inflammatory effect. c Percent I = percent inhibition of arthritis as measured by the respective assays. 


Recovery Experiments-Known amounts of I in 95% ethanol 
were evaporated to dryness in centrifuge tubes, and water or speci- 
mens of rat plasma, serum, urine, or feces were added. The samples 
were thoroughly mixed and extracted, and the extracts were ana- 
lyzedfluorometrically. The results(Table 111) indicated that recoveries 
were essentially quantitative and compared favorably with those 
obtained from simple aqueous samples. An overall mean recovery f 
standard deviation of 98.0 f 6 . 2 z  was obtained. 


Comparison of Circulating Drug Levels in Rat, Dog, and Man- 
Studies designed to determine the utility of the fluorometric method 
for measurement of intact drug in rat serum, after single-dose oral 
administration of 52.1 mg./kg. body weight, showed that peak 
serum drug concentrations of 1.38 t 0.32 mcg./ml. were attained 
within 2 hr. (Fig. 3). Some indication of biological variation in 
absorption may be seen in the standard errors of the mean serum 
drug concentrations. By using the data between 2 and 24 hr. after 
drug administration, the serum drug disappearance half-life was 
estimated graphically to be 11.4 hr. These results indicated that the 
fluorometric method was suitable for measuring plasma drug con- 
centrations in rats at  a dosage level of at least 5 mg./kg. 


In dogs, after single-dose oral administration of 30mg. I/kg. body 
weight, peak serum drug concentrations of I .29-2.38 mcg./ml. were 
observed at 1-2 hr. Disappearance of I from the serum was very 
rapid, and the half-life was estimated graphically to be 1.5-2.0 hr. 
Similarly in man. drug absorption and disappearance from the 
plasma were rapid. Peak plasma drug concentrations of 0. I I3 and 
0.263 mcg./nil. were observed at  2 hr. following single-dose oral 
administration of 0.524 and 1.333 mg. I/kg. body weight, respec- 
tively. The plasma drug disappearance half-life was estimated to be 
1.5-2.0 hr. 
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Figure 4 -Correlatioir of atitiarthritic activity and plasma coii- 
ceiitrations ot' I iii ruts. A&oant-induced polyarthritic rats received 
drrrg ui I m 4 . 7  oi 0, 2.4,6.8, and I I .4 mg./kg. p.o., b.i.d., in polysorhate 
80. Meaii perretitage inhibition of arthritis was obtained from arthritic 
srorz (0-0) and plasma inflammatioii unit (A-A) measurements. 
Plasma drug conceritratioiis are expressed as averages ocer a 12-hr. 
interval followbig the last dose. 


By assuming a linear relationship between average plasma or 
serum drug concentraticns and the oral dose of drug administered 
to each species, all data were normalized to a I-mg./kg. equivalent 
dose of I (Table IV). Analysis of the data available, which were 
obtained at the same sampling times during the 0-6-hr. time interval, 
indicated that: ( a )  1.2- 1.5 times more drug was found in the serum 
of dogs as compared to rats, and (h )  5.3 -5.5 times more drug was 
found in the plasma of humans as compared to rat serum. Differ- 
ences in absorption and distribution of the intact drug and/or 
vehicle, as well as differences in metabolic rates in the various 
species. may be responsible for the marked differences observed. 


Correlation of Plasma Drug Levels with Biological Activity- 
lnvestigations in the rat indicated that biological activity was 
related to the logarithm of the oral dose of I administered. Experi- 
ments were designed to determine whether a correlation existed 
between: ( u )  plasma drug levels as measured by the fluorometric 
assay, (h )  the dose of I administered, and ( r )  biological activity in 
the polyarthritic rat. In the chronic multiple-dose experiment. 
conducted with polyarthritic male rats, the results (Table V) in- 
dicated that the average drug levels at the equilibrium state (C, 
expressed as micrograms per milliliter) were linearly related to the 
oral dose of I administered ( D ,  expressed as milligrams 1 per kilo- 
gram body weight). The best-fit straight line. as determined by 
regression analysis, could be expressed by the equation c = 22.31 D - 
28.46 (correlation coefficient = 0.99). Biological activity. as mea- 
sured by plasma inflammation units or visual scoring, was linearly 
related to the logarithm of the oral dose (Tablc VI)  and, hence, 
to the logarithm of the average plasma drug levels at the equilibrium 
state (Fig. 4). These results, which are consistent with earlier ex- 
tensive studies on indoxole (4, 5), suggested that biological effects 
of I are directly related to plasma drug concentrations and that the 
fluorometric method could be used for the selection of species and 
doses for toxicologic investigations as well as measurement of 
plasma drug absorption and disappearance in man. 
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Chromatographic Studies of 9-Acridine Derivatives 


ANDRE DeLEENHEER*, J. E. SINSHEIMER', and J. H. BURCKHALTER 


Abstract 0 GC and thin-layer fluorescent scanning studies are de- 
scribed for the analysis of 9-alkylaminoacridines and 9-alkylacridine 
derivatives. Procedures were developed for the analysis of 9-alkyl- 
aminoacridines in the presence of their hydrolytic products. Quin- 
acrine in the presence of 6-chloro-2-methoxyacridone and 6-chloro- 
2-methoxy-9-aminoacridine served as a model system in these 
studies. 


Keyphrases 0 9-Acridine derivatives-GLC and TLC (fluorescent 
scanning) studies, analysis of 9-alkylaminoacridines in presence of 
their hydrolytic products 0 9-Alkylaminoacridines-analysis in 
presence of their hydrolytic products 0 GLC-analysis of 9-acri- 
dine derivatives 0 TLC-fluorescent scanning analysis of 9-acri- 
dine derivatives 


There is interest in these laboratories in the synthesis 
of both 9-alkylaminoacridine and 9-alkylacridine deriva- 
tives as potential fluorescent labeling agents. Analytical 
procedures were developed in support of such studies 
to examine the purity of these and related compounds. 
Of particular interest were procedures for the determi- 
nation of the purity of 9-alkylaminoacridines in the 
presence of their potential hydrolytic products, that is, 
the corresponding 9-aminoacridines and acridones. 


The analytical procedures developed for the potential 
fluorescent labeling agents were also applied to  the 
medicinally important 9-aminoacridineY quinacrine 
[6-chloro-2-methoxy-9-( 1 -methyl-4 - diethylaminobutyl- 
amino)acridine] (I). As summarized in Scheme I, 
quinacrine (I) degrades to  6-chloro-2-methoxyacri- 
done (11) in neutral (1, 2) or basic (3) conditions while 
6-chloro-2-methoxy-9-aminoacridine (111) is formed 
under acidic conditions (3). The purpose of this report 
is to describe the application of sensitive chromato- 
graphic procedures for the examination of the purity of 
9-acridine derivatives. The determination of quinacrine 


+ 
NH; X -  0 


I11 I1 
Scheme I-Hydrolysis of quinacrine as described in the literature 


Table I-GLC Results 


Compound 
Rt, 


mn.a 


Experi- 
mentale .~~ 


Condi- 
Nb tions 


Acridone 
9-Aminoacridine 
Acridone 
9-Aminoacridine 
Acridone 
6-Chloro-2-met hoxy-9- 


aminoacridine 
6-Chloro-2-methoxy-9- 


phenoxyacridine 
6-Chloro-2-methoxyacridone 
Quinacrine 
9-(p-Aminobenzyl)acridine 
9-(p-N'-Benzyl-N-thioureido)- 


benzylacridine 
9-(p-Isothiocyanatobenzyl)- 


acridine 
6-Chloro-2-methoxy-9-(p- 


isothiocyanatobenzy1)- 
acridine 


9-Aminoacridine 


9-Isothiocyanatoacridine 
Acridone 


9-Aminoacridine 
Acridone 
6-Chloro-2-methoxy-9- 


aminoacridine 
6-Chloro-2-methox yacridone 


Quinacrine 


113.6 
12.8 
14.4 
3.8 
4.1 


11.2 


11.2 


13.5 
24.1 
23.7 
41.5 


41.5 


184 


12.1 


13.7 
13.8 


1.5 
1.6 
4.1 


4.2 


12.7 


2039 
1872 
1893 
1975 
2439 
2584 


2212 


1938 
2560 (dec.) 
2017 
2170 


2120 


-d 


2146 


1655 
1852 


(tailing) 


(tailing) 
-d 
-d 


1194 


1244 


2853 


(tailing) 


(tailing) 


I 
I1 
I1 


111 
111 
I11 


111 


111 
111 


111 


111 


111 


IIr 


IV 


IV 
IV 


V 
V 
V 


V 


V 


a Rt  values are measured from solvent peak. * N = 5.53(d/W0.sh)*, 
where d = retention time from injection point, and WO.5h = width at 
half height of peak in millimeters.  experimental conditions: I, 2% 
Carbowax 20M on Gas Chrom Q+[1.83-m. (6-ft.) X 4.0-mm. i.d. glass 
column], heli!m linear velocity (Uo) = 11.0 cm. s c - 1 ,  column tem- 
perature 201 , injection temperature 209 ", and detector temperature 
202"; 11, 5.2%-OV-17 on Gas Chrom Q [1.83-m. (6-ft.) X 4.0-mm. i.d. 
glass column], Ua = 11.0 cm. sec.-I. column temterature 21 I", injection 
temperature 225". and detector temperature 211 ; 111, 5.2% OV-17 on 
Gas Chrom Q [1.83-m. (6-ft.) X 4.0-mm. i.d. glass column], do = 10.4 
cm. set.-', column temperature 250", injection temperature 270", and 
detector temperature 260"; IV, 3.8 Z yCC-W98 on Diatoport S t1.23-m. 
(4-ft.) X 4.0-mm. i.d. glass column], Uo = 11.0 cm. set.-', column tem- 
perature 182", injection temperature 232". and detector temperature 
201"; and V, same conditions as IV with column temperature 200". 
injection temperature 230", and detector temperature 210". d Not 
measurable. 


in the presence of its degradation products serves as 
the model system in this regard. 


EXPERIMENTAL' 


GLC Systems-Two systems were employed: System A, 3.8 
UCC-W98 on Diatoport S, 80-100, in a 1.23-m. (4-ft.) X 0.4-mm. i.d. 
glass column; and System B, 5.2% OV-17 on Gas Chrom Q, 80-100, 
in a 1.83-m. (6-ft.) X 0.4-mm. i d .  glass column. Operating conditions 
of temperatures and helium carrier gas flow are given in Table I. 
Standard solutions were prepared by dissolving 5 mg. of compounds 


All GLC was performed on a Hewlett-Packard 5750 chromatograph 
with flame-ionization detection (HZ flow: 45 mi. min.-'; air: 470 ml. 
min:-'. 
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Table 11-Relative R p  Values with Different Solvent Systems 


Relative R, Values in Solvent Systemsb 
Compound I I1 111 IV V VI VII VIII IX 


Quinacrine hydrochloride 1 . OO(0. 22)c 1 . OO(0.64) 1 . OO(0.45) 1 . OO(0,06) 1 . OO(0.05) 1 . oo(O.01) 1 . OO(0.46) 1 . OO(0.39) 1 . OO(0.39) 
6-Chloro-2-methoxy-9- 2.77 1.20 1.55 6.3 4.4 8 . 0  0.87 0.97 0.97 


6-Chloro-2-methoxy- 3.25 1.31 1.69 9 . 3  8 .8  35.0 1.17 1.23 1.23 
aminoacridine 


acridone 


Relative Ry = Ry of compound/Ryof quinacrine hydrochloride. b Solvent systems by volume: I, methanol-28 % ammonia (99 : 1); 11, benzene-meth- 
anol-28 % ammonia (74:74: 2); 111, benzene-methanol-28 % ammonia (30: 118 :2); IV, benzene-ethyl acetate-28 ammonia (30: 118: 2); V, benzene- 
ethyl acetate-triethylamine (30: 118 : 2); VI, benzene-ethyl acetate-triethylamine (70: 74: 2); VII, benzene-acetone-28 % ammonia (74: 74: 2); VIII, cyclo- 
hexane-acetone-28 % ammonia(74: 74: 2); and IX, n-heptane-acetone28 7, ammonia(74: 74: 2). c The value in parentheses is the Ry value for quinacrine 
hydrochloride on a given chromatogram. 


Table 111-Fluorometric Determination on TLC Plates 
~ 


Chro- 
mato- Wave- 
gram length Fluores- Meter 
Num- Activation, cence, Multi- Semi- 


ber Compound nm. nm. plier tivity Amount Applied, ng. 


Mean 
Standard 


Mean Fluorescent Devia- 
Intensitye tion, z 


Quinacrine 280 
hydrochloride 


Quinacrine 285 
hydrochloride 


6-Chloro-2- (a) 410* 
methoxy-9- (b) 270 
aminoacridine 


6-Chloro-2- (a) 400* 
methoxy- (b) 270 
acridone 


Mixtures 


Quinacrine 280 


6-Chloro-2- 270 
hydrochloride 


methoxy-9- 
aminoacridine 


6-Chloro-2- 210 
methoxyacri- 
done 


Mixtures 
Quinacrine 280 


6-Chloro-2- 270 
hydrochloride 


methoxy-9- 
aminoacridine 


methoxyacri- 
done 


6-Chloro-2- 270 


510 


500 


480 
480 


460 
470 


500 


480 


480 


490 


490 


480 


0.003 


0.003 


0 . 0 1  
0.03 


0.01 
0.03 


0.003 


0.001 


0.001 


0.003 


0.001 


0.001 


25.0 23.4,46.8, 70.2,93.6 


25.0 23.4,46.8,70.2,93.6,  117.0 


26.5 21.6,43.2,46.8,  86.4, 108.0 


41.0 11.4,22.8,34.2,45.6,  57.0 
41 . O  


9 . 0  


Mixture 
I 11 111 IV v 


29.0 99.4,81.9,64.3,  46.8,29.2 


25.0 5.4, 10.8, 16.2, 21.6,27.0 


38.0 5.7,11.4, 17.1, 22.8,28.5 


25.0 Same as Chromatogram 5 


24.0 - 
above 


- 33 .O 


425, 807, 1182, 1635 


254, 588, 880, 1199, 1561 


175, 512, 947, 1268, 1620 
195, 524, 942, 1301, 1667 


383, 649, 840, 1151, 1540 
377, 588, 844, 1054, 1329 


Mixture 
I I1 111 IV v 


1489, 1140, 1003, 779, 491 


-c 260, 485, 892, 1352 


392, 612, 923, 1368, 1753 


6298, 4434, 3564, 2525, 1977 


-c 1154, 2264, 3243, 5592 


1540, 2719, 3824,4765,6341 


13.9 


11.2 


13.0 
15.6 


10.1 
7.2 


11.9 


13.4 


11.8 


1 5 . 7  


15.1 


8.1 


Fluorescent intensity is expressed as peak area (height X width at half height) and is the average of seven spots at eachconcentration scanned in both 
directions. b There is less interference when activation is at 270 nm. c The peak at this concentration was too weak for accurate measurement. 


in 0.5 ml. dimethyl sulfoxide plus 4.5 ml. of 95% ethanol, with 1-pl. 
volumes injected. 


TLC-Initial separations by TLC were accomplished on 20 X 20- 
cm. 250-p silica gel G 2  plates (30 g./100 ml. of water). The following 
were also used: quinacrine hydrochloride, 11.7 mg./lO ml. in 95% 
ethanol; 6-chloro-2-methoxy-9-aminoacridine, 4.9 rngJ0.5 ml. in 
dimethyl sulfoxide plus 4.5 ml. 95 ethanol; 6-chloro-2-methoxy- 
acridone, 5.8 mg./0.5 ml. in dimethyl sulfoxide plus 4.5 ml. 95% 
ethanol. Volumes of 1 pl. were applied. Nine solvent systems were 
evaluated (Table 11). Based upon their fluorescent properties, com- 
pounds were detected by visualization under UV light. 


For quantitative TLC fluorometric determinations, plates were 
scored into 0.5-cm. channels and spotted with 1-pl. volumes of solu- 
tions of quinacrine hydrochloride and its hydrolytic products in 
amounts as indicated in Table 111. Each compound was spotted 
seven times at each concentration and chromatographed in System 
7 [benzene-acetone-28 % ammonia (74 :74 : 2 v/v)]. Plates were air 
dried and measured with a thin-layer scanner3 attached to  a spectro- 


2 Merck. 
3 Amino 4-8221A with scanner motor of 1 r.p.m. 
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photofl~orometer~ and recorder5. Each spot wasscanned both in the 
low to high Rf and high to low Rf  directions under the conditions 
outlined in Table 111. Fluorometric intensities were calculated from 
the recorded peaks, multiplying peak height by width at half height. 


RESULTS AND DISCUSSION 


Initially, GLC procedures were explored for both the assay of 
the parent 9-acridine compounds and their possible hydrolytic 
products. Preliminary GLC measurements were obtained on a 2 z  
Carbowax 20M Gas Chrom Q column [1.83-m. (6-ft.) X 4.0-mm. 
i.d. glass]. However, as illustrated in Table I for acridone, retention 
times were excessive even at a column temperature of 200", which 
approaches the thermal stability of the column. Measurements of 
lower molecular weight compounds and hydrolytic products were 
successful on a 5 . 2 x  OV-17 column (Table I). However, with 
increased molecular weight, retention on this column became exces- 
sive to irreversible, accompanied by indications of decomposition. 


4 Aminco-Bowman 4-8106 with slit arrangement 4. 
5 Heath EU-2OB. 







A 3.8% UCC-W98 column was suitable for quantitative de- 
termination of higher molecular weight polyfunctional 9-acridine 
derivatives. For example, quinacrine hydrochloride had an Rt of 
12.7 min. with a theoretical plate number (N) of 2853. This column 
was also suitable for the detection of the hydrolytic products of 
quinacrine (Compounds I1 and 111). However, as indicated in Table 
I ,  these products have similar retention times, preventing the detec- 
tion of one in the presence of the other at a column temperature of 
200”. Note a decrease in the number of theoretical plates which, 
together with noticeable peak tailing, demonstrated a loss in column 
efficiency for these compounds. While excess tailing prevented the 
separation of Compounds I and I1 at lower column temperatures, 
this was possible for the lower molecular weight nonchlorinated 
parent compounds. Thus, while 9-aminoacridine could not be 
resolved from acridone at 200”, this could be accomplished at 182” 
(Table I). 


Small amounts (100 ng.) of hydrolytic products could be detected 
in the presence of larger amounts (10 mcg.) of quinacrine hydro- 
chloride on the 5.2% OV-17 column. On the 3.8% UCC-W98 
column, the detection limit of quinacrine hydrochloride was about 
100 ng. in the presence of excess (10 mcg.) hydrolytic products. 


TLC fluorometric scanning was explored as an alternative method 
for the determination of quinacrine in the presence of its hydrolytic 
products. The development of suitable solvent systems is outlined 
in Table 11. While chromatograms sprayed with 10% HCI followed 
by iodoplatinate reagent (4) visualized only the quinacrine as a 
weak blue-violet spot, compounds were readily detected by their 
natural fluorescence. The resolution of compounds was most 
satisfactory in Systems 3,4, 5, 6, and 7, with mobility most satisfac- 
tory in Systems 1 and 7. 


Of these two possibilities, System 7 was selected for quantitative 
TLC fluorometric scanning (Table 111). Each compound was spotted 
at each concentration seven times, both as single compounds and as 
a mixture of compounds. 


The mean of standard deviations for each compound determined 
separately and in mixture was 12.8%. The mean standard deviations 
for each chromatogram are listed in Table 111. There was no signifi- 
cant difference in the standard deviations for a given compound for 
the determinations of compounds in mixture as compared to the 
determinations of single compounds. Factors responsible for the 
relatively high mean standard deviation include lack of uniformity 
of the thin-layer plates, the normal difficulty in reproducibility in 
plate spotting, and instrumental errors. In regard to plate uniform- 


ity, it should be noted that plates prepared in the laboratory were 
employed in this study in contrast to the more uniform commercially 
available plates. 


In common with other irz situ measurements of thin-layer plates 
(5, 6), it is not advisable to make comparisons between different 
plates nor to employ calibration curves. In general, linear relation- 
ships were obtained for calculated peak areas with respect to 
amounts applied. However, near the detection limits (5-10 ng.), 
there were deviations and the relationship did not always pass 
through the origin. Deviation from linearity owing to quenching 
was not observed for the maximum amounts (-100 ng.) used in 
this study. 


Quantitative measurements are best made by multiple compari- 
sons to known concentrations of standards on the same plate. It 
is important to emphasize that quantitative measurements could be 
made on a submicrogram level (10-100 ng.) with specificity provided 
simultaneously by TLC separation. 
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Nature of Acetaminophen-Antipyrine Complex 


J. C. DEARDEN 


Abstract 0 Acetaminophen and antipyrine form a single 1 : 1 phen is shown by phase equilibrium studies to prevent complexa- 
complex which is shown to be stabilized through hydrogen bonding. tion with antipYrine. 
IR spectroscopy shows both the -NH and -OH groups of acet- Keyphrases 0 Acetaminophen-antipyrine complex-nature of 
aminophen and the carbony1 group of antipyrine to be ir~volved in complexation 0 Antipyrine-acetaminophen complex-nature of 
the complexation; the carbonyl group of acetaminophen is not. complexation 0 Complexes-studies of complexation of acetami- 
Methylation of either the -NH or the -OH group of acetamino- nophen-antipyrine 


Antipyrine (phenazone) is known to complex with a antipyrine and either acetanilide (5) or phenacetin (6), 
wide variety of compounds and metallic ions (1); a but a 1 : I  complex of acetaminophen (p-acetamido- 
number of workers (2-4) have reported complexation phenol, p-hydroxyacetanilide) and antipyrine was 
between antipyrine and phenols, with phenol itself recently patented (7) for its analgesic and antipyretic 
forming a 1 : I  complex with antipyrine (4). Complex properties. This paper reports an investigation of the 
formation has been reported not to occur between nature of that complex. 
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Metal-Binding Abilities of Antibacterial 
Heterocyclic Thiones 


WILLIAM 0. FOYE' and JIA-RUEY LO 


Abstract 0 Metal-binding stability constants for a series of 
imidazole, pyrimidine, and related heterocyclic thiones, and a few 
nonsulfur-containing heterocycles, with Cu (11). A1 (III), and Fe 
(111) ions were determined. Relatively high avidities for the metal 
ions were found. The magnitudes of the constants, in comparison 
with those of both cyclic and openchain compounds of known 
chelating ability, indicated that four-membered chelate rings in- 
volving nitrogen and sulfur atoms were formed. Compounds 
having the higher metal-binding strengths showed some antimi- 
crobial activity. 


Keyphrases Thiones, heterocyclic-metal-binding constants, 
correlated to antibacterial activity 0 Heterocyclic thiones-metal- 
binding constants, correlated to  antibacterial activity 0 Metal 
binding to cupric, aluminum, and ferric ions-heterocyclic thiones, 
binding constants 0 Antibacterial activity-correlated to metal- 
binding ability, heterocyclic thiones 0 Structure-activity relation- 
ships-heterocyclic thione metal-binding ability, correlated to 
antibacterial activity 


Some relatively simple heterocyclic sulfur compounds 
have been reported to possess bacteriostatic or bacterici- 
dal activity (1, 2). For these compounds (e.g., 2-mer- 
captoimidazole, 2-mercaptobenzothiazole, and 2-mer- 
captouracil) no apparent explanation for this activity 
exists. One possibility is that these compounds may act 
as metal-binding agents, since other relatively simple 
structures, notably 8-hydroxyquinoline and related 
compounds (3), have shown a correlation between 
metal-binding ability and antibacterial activity. There is 
no indication in the literature that such compounds have 
appreciable metal-binding strengths. It was, therefore, 
of interest to measure metal-binding stability constants 
for these and some related compounds and to compare 
these values with their antibacterial activities. It was also 
desirable to learn the magnitudes of any metal-binding 


Table I-Ionization Constants (25") 


Compound pKal pKa2 


4 
5 
6 
7 


8 


9 
10 
I 1  
12 
13 


14 
15 


2-Mercaptoimidazole 
I-Methyl-2-mercaptoimidazole 
2-Mercaptobenzimidazole 
2-Mercaptobenzothiazole 
2-Mercaptouracil 
6-Methyl-2-mercaptouracil 
Ethyl 2-mercapto-4-hydroxy- 
pyrimidine-5-carboxylate 


2-Mercapto-4-hydroxypyrimidine- 
5-carboxylic acid 


2-Met hyl-3-hydroxy-4-pyrone 
1,2,4-Dit hiazolidine-5-imino-3-thione 
3-Acetyltetrarnic acid 
3-Acetyl-5-methyltetramic acid 
2-Cyano-3,3-dimercaptoacrylonitrile dipo- 


tassium salt, monohydrate 
a-Mercaptocinnamic acid 
Salicylic acida 


10.79 
11.22 
9.80 
7.83 
7.73 
8.15 


10.44 


8.33 


8.53 
9.10 


10.50 
10.36 
10.81 


10.22 
13.82 


- 
- 
2.60 
3.08 


> i J o  
2.60 
6.70 


3.90 


- 
>2.40 


2.90 
3.72 
4.31 


4.72 
3.00 


~~~~ 


a W. 0. Foye and J. Pecci, J .  Amer. Pharm. Ass., Sci. Ed.. 49. 411 
(1960). 


abilities of such sulfur-containing heterocycles which are 
capable of nitrogen-to-sulfur enolization. 


METHODS 


Materials-Analytical reagent grade CuCI?. 2H20, AlC13. 6H20,  
and Fe(N0&.9H20 were used. Carbonate-free 0.01 M potassium 
hydroxide was prepared according to Armstrong (4). Solutions were 
made in boiled distilled water and stored in polyethylene bottles 
under nitrogen; they were diluted quantitatively with carbon dioxide- 
free water just prior to use. Normalities were checked against potas- 
sium biphthalate. 


The organiccompounds wereobtained from a commercial source', 
with the exception of the following which were synthesized. 


Ethyl 2-Mercapt~-4-hydroxypyrimidine-5-carboxylate-The pro- 
cedure of Ballard and Johnson ( 5 )  was used. The product was 
recrystallized from water and dried at  130" for 12 hr., giving an 8 2 x  
yield, m.p. 245-248" [lit. ( 5 )  m.p. 245'1. 
2-Mercapto-4-hydroxypyrimidine-5-carboxylic Acid-The pro- 


cedure of McOmie and White (6) was used. The product was twice 
recrystallized (water), m.p. 292-295" [lit. (7) m.p. 288-289"]. 


3-Acetyltetramic Acid-The method of Lacey (8) was employed, 
giving a 54% yield after repeated extractions with ether and re- 
crystallization from ethyl acetate, m.p. 154-155" [lit. (8) m.p. 155"]. 


3-Acetyl-5-methyltetramic Acid-The method of Lacey (8) was 
employed, giving a 4 6 x  yield after recrystallization from ethyl 
acetate-petroleum ether, m.p. 115-1 16" [lit. (8) m.p. 115-1 16"]. 


2-Cyano-3,3-dirnercaptoacrylonirrile, Dipolassium Salt, Mono- 
hydrate-The procedure of Brown (9) was used, giving an 8 3 x  
yield, m.p. 313-316" dec. [lit. (10) m.p. 313-316" dec.]. 


u-Mercaptocinnamic Acid-The procedure of Campaigne and 
Cline (1 1) was employed, giving an 87 % yield after recrystallization 
from toluene, m.p. 130-134" [lit. (11) m.p. 133-134"]. 


The purity of the organic ligands was ascertained by TLC. 
Chromatogram sheets? were spotted with approximately 0.1 solu- 
tions of the compounds in either water or ethanol. The developing 
solvent contained either benzene-methanol (8 :2) (Compounds 
1-10) or 2-butanone-acetone-formic acid-water (40:2:1:6) (Com- 
pounds 11-14). After the plates were removed from the chamber and 
dried, they were placed in an iodine chamber or sprayed with a solu- 
tion of bromphenol blue in ethanol (0.06%) containing 1 drop of 
10% sodium hydroxide solution. The presence of one spot con- 
firmed the absence of contaminating compounds. 


Ionization Constants-The method employed was that of Albert 
and Serjeant (12), using a research pH meter' with glass and calomel 
electrodes. It consisted of titrations of 0.001 M aqueous solutions of 
the compounds with 0.01 Npotassium hydroxide in 0.5-ml. portions. 
The pH was recorded after each addition; each titration thus yielded 
nine pH values, giving nine values for the pKa which were averaged. 
Where pH values fell outside the range of 5-9, corrections were 
made for hydrogen- or hydroxyl-ion concentrations. The pKa values 
obtained are listed in Table I. 


Stability Constants-Potentiometric titrations were carried out 
under nitrogen in freshly boiled distilled water at 25" using the 
described equipment. Fiftymilliliter volumes of the 0.001 M solu- 
tions of the organic ligands were titrated with 0.01 N potassium 
hydroxide solution in 0.5-ml. portions, first in the absence of metal 
ions and then in the presence of 0.0005 mole of divalent metal salt 
or 0.00033 mole of trivalent metal salt. Fiftymilliliter volumes of the 


1 Aldrich Chemical Co. 
2 Eastman. 
a Beckman. 
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Table 11-Stability Constants of Cupric Complexes (25") 


log log log log 
Compound Ki Kz Bza 82' 


Table IV-Stability Constants of Ferric Complexes (25") 
~_________ 


log log log log 
Compound KI Ka Ka Baa 


2-Mercaptoimidazole 
1 -Methyl-2-mercaptoimidazole 
2-Mercaptobenzimidazole 
2-Mercaptouracil 
6-Methyl-2-mercaptouracil 
Ethyl 2-mercapto-4-hydroxy- 
pyrimidine-5-carboxylate 


2-Mercapto-4-hydroxypyrimidine- 


~~ ~ 


10.29 9.31 19.60 19.20 
10.71 9.59 20.30 20.26 
10.42 9.57 19.99 19.10 
8.01 6.76 14.77 14.30 
7.89 6.24 14.13 14.20 
7.69 7.22 14.91 12.60 


8.22 5.26 13.48 11.40 


2-Mercaptoimidazole 
1 -Methyl-2-mercaptoimidazole 
2-Mercaptobenzimidazole 
2-Mercaptobenzothiazole 
2-Mercaptouracil 
6-Methyl-2-mercaptouracil 
Ethyl 2-mercapto-4-hydroxy- 
pyrimidine-5-carboxylate 


2-Mercapto-4-hydroxypyrimi- 
dine-5-carboxylic acid 


2-Met hyl-3-hydroxy-4-pyrone 
1,2,4-Dithiazolidine-5-imino-3- 


thione 
3-Acetyltetramic acid 
3-Acetyl-5-methyltetramic acid 
a-Mercaptocinnamic acid 
Salicylic acidb 


- 11.82 9.96 - 
- 12.12 11.18 - 


9.88 9.77 - 
9.60 7.94 - 
8.95 8.25 - 
9.20 8.25 - 


- 7.14 6.65 - 


- 
- 
- 
- 


9.2A 8.16 7.42 24.82 


- 9.43 7.95 - 
- 9.82 8.57 - 


11.37 8.70 8.49 28.56 


5-carboxylic acid 
2-Met hyl-3-hydroxy-4-pyrone 8.11 6.18 14.29 14.32 .. 


- 3-Acetyltetramic acid 10.34 - - 


a-Mercaptocinnamic acid 12.32 7.45 19.77 - 
Salicylic acidc 10.40 7.90 18.30 - 


3-Acetyl-5-methyltetramic acid 8.90 5.49 14.39 - 


n Determined from the sum of the log K values. Determined from: 
log BZ = - 2  log(L-), when 2 = 1. c J.  Volke, Chem. Listy, 49, 1236 
( 1955). 


io.28 9.00 5.03 26.33 
10.32 7.61 6.40 24.33 
14.70 12.50 11.40 38.60 


a Determined from 
Lisfy, 49, 1236(1955). 


the S U m  of the log 4: values. Volke, Chem. 


same quantities of the metal salts were also titrated with 0.01 N 
potassium hydroxide. After each addition of the titrant, the solution 
was allowed to mix for 2 min. before the pH reading was made. In 
the cases of 2-mercaptobenzothiazole and a-mercaptocinnamic acid, 
0.001 M solutions were prepared in 50% ethanol. 


Calculations were done as previously described (13); values for 
log K,, log K2, log K3. and either log f lz  or log f13 were recorded. 
Values for KL, K2, and KS were obtained from Eqs. 1-3 according to 
Flood and Loras (14) and Albert ( I  5 ) :  


given by any of the compounds. The stability constants obtained are 
listed in Tables 11-IV. 


Antibacterial and Antifungal Evaluation-Activities were deter- 
mined by theuseof a modifiedsensitivity disk method.Three bacteria, 
one mold, and one yeast were employed. For Staphylococcus aureus, 
Escherichia coli, and Pseudomonas aerugitrosa, tryptic soy agar BBL 
was used; for Aspergillus niger and Caniiida albicans, Sabouraud's 
dextrose agar BBL was used. 


Aqueous or acetone solutions of the compounds were prepared, 
and the concentrations tested were 10 mg.lO.1 ml. against the fungi 
and 1 mg./O.l ml. against the bacteria. Both 0.1 and 0.01 ml. of the 
solutions were pipeted onto sterile paper disks (12.7 mm. in diam- 
eter) and set overnight in sterile plastic petri dishes. The agar prep- 
arations were then smeared with a thin layer of the test organism, 
the paper disks were placed on the surface, and the Sabouraud's 
dextrose agar plates were incubated at  30" and the tryptic soy agar 
plates were incubated at 37" for 72 hr. The radii of the zones of in- 
hibition were then measured. Test results are listed in Table V. 


( f i  - 1) 
(2 - fi)(L-) K? = 


(ii - 2) 
(3 - fi)(L-) Ka = 


Values for log B2 and log B2 were obtained from the sum of the log 
K values. Some values of K2 or K.1 were not obtained because of 
precipitation of the metal complexes. Some values of Kl, notably in 
the case of the ferric complexes, were not uncovered by the method 
used. (Because of high metal-binding avidity, no values for ii below 
1 were obtained.) Formation curves were plotted (fi uersus -log 
[L-1) to show whether stepwise complexation may have taken place. 
No evidence that stepwise complexation was not taking place was 


RESULTS AND DISCrJSSION 


The magnitude of the metal-binding stability constants obtained 
with the heterocyclic thiones was surprisingly high. With the alu- 
minum and ferric complexes, the avidity for these metal ions ap- 
proached that of salicylic acid, a relatively strong metal-binding 
agent, particularly in the case of 2-mercaptoimidazole and its de- 
rivatives. With the cupric complexes, the 2-mercaptoimidazoles and 
a-mercaptocinnamic acid all exceeded salicylic acid in metal-binding 
strength. It should be considered that in the case of the 2-mercapto- 
imidazoles and the mercaptopyrimidines, if chelation of the metal is 


Table 111-Stability Constants of Aluminum Complexes (25 ") 


log 
Baa 


28.76 
29.75 


Compound 


2-Mercaptoimidazole 
1-Methyl-2-mercaptoimidazole 
2-Mercaptobenzimidazole 
2-Mercaptobenzothiazole 
2-Mercaptouracil 
6-Methyl-2-mercaptouracil 
Ethyl 2-mercapto-4-hydroxy- 
pyrimidine-5-carboxylate 


2-Mercapto-4-h ydrox ypyrimidine- 
5-carboxylic acid 


2-Met hyl-3-hydroxy-4-pyrone 
1,2,4-Dithiazolidine-S-imino-3- 


thione 
3-Acetyltetramic acid 
3-Acetyl-5-methyltetramic acid 
2-Cyano-3,3-dimercaptoacrylo- 


a- Mercaptocinna mic acid 
Salicylic acidb 


nitrile, dipotassium salt, 
monohydrate 


- 
8.98 
9.26 
8.06 
6.69 
5.90 
6.26 
5.26 


6.29 


6.53 
7.17 


Table V-Antibacterial and Antifungal Activities 


Zone of Inhibition, Radius, mm. 


A.  albi- aur- E.  aeru- 
c. s. P. 


9.71 
10.07 
8.70 
6.90 
6.70 
6.98 
5.55 


7.00 


7.95 
8.16 


10.07 
10.42 
9.20 
7.44 
7.18 
7.43 
5.80 


8.70 


25.96 
21.03 
19.78 
20.67 Organism: niger cans eus coli ginosu 


ATCCNo.: 6275 10231 6538 15221 15442 16.61 


21.99 20 - 2-Mercaptoimidazole - .- - 
25 - 1-Methyl-Zmercapto- - .- - 


2-Mercaptobenzothiazole 18 21 13 - - 
22 - 2-Mercaptouracil - .- - 


15 15 15 - 1,2,4-Dithiazolidine-5- - 


imidazole - 
8.62 


10.88 
9.44 


10.77 


- 
23.95 


26.76 
24.50 
28.40 


8.00 
7.57 
9.61 


7.88 
7.49 
8.02 


imino-3-thione 
15 14 - - 3-Acetyl-5-methyltetramic - 


acid- 


acrylonitrile dipotas- 
sium salt, monohydrate 


2-Cyano-3,3-dimercapto- 21 14 - 23 - 


a-Mercaptocinnamic acid 14 24 17 - - 
Salicylic acid - 2 0 - - -  


10.13 
14.00 


9.49 
10.70 


7.39 
8.60 


27.01 
33.30 


Q Determined from the sum of the log K values. b J. Volke, Chem. 
Lisfy, 49, 1236(1955). 
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Table VI-Antibacterial and Antifungal Literature References 


Compound 
Ref- 


Activity erence 


2-Mercaptoimidazole 
1 -Methyl-2-mercaptoimidazole 
2- Mercaptobenzothiazole 
2-Mercaptouracil 
2-Met hyl-3-hydroxy-4-pyrone 
1,2,4-Dithiazolidine-5-imino-3- 


3-Acetyltetramic acid 
3-Acetyl-5-methyltetramic acid 
Salicylic acid 


thione 


Bacteriostatic 1 
Bacteriostatic 1 
Bactericidal 2 
Bacteriostatic 1 
Weak bacteriostatic 18 
Catalase inhibitor 20 


Bactericidal 19 
Bactericidal 19 
Fungicidal 21 


involved, only four-membered rings can be formed; this evidently 
gives relatively stable complexes where sulfur is one of the atoms of 
the chelate ring. Four-membered chelate rings of high stability are 
formed with xanthates, dithiocarbamates, and dithiocarboxylates 
(16), for example. That chelation is probably involved is indicated 
by the similarity in metal-binding strengths of the nonsulfur-con- 
taining compounds where five- and six-membered chelate rings may 
be formed. These compounds include the tetramic acid derivatives 
( I  and 11), the pyrone, salicylic acid, and most likely the pyrimidine 
5-carboxylic acid. In the latter case, bonding to nitrogen and sulfur 
is also possible. 


a-Mercaptocinnamic acid most likely forms a five-membered 
chelate ring involving the thiol and carboxyl functions. The similar- 
ity in binding strengths to metal ions between thiscompound and the 
mercaptoimidazoles and the mercaptopyrimidines again argues 
for chelate structures between nitrogen and sulfur for the 
latter compounds. Also, the dimercaptoacrylonitrile derivative 
would be expected to form a chelate ring involving the two sulfurs, 
and the similarity in metal-binding avidities here suggests chelate 
ring formation for the mercaptoimidazoles and mercaptopyrimi- 
dines. Structure 111, therefore, is proposed as an example of a metal 
complex of the mercaptoimidazoles, mercaptopyrimidines, and other 
heterocycles observed here where nitrogen-sulfur bonding is possi- 
ble. 


Comparison of the sequences of metal-binding avidities in each of 
the three series, cupric, aluminum, and ferric, shows the following 
orders. With cupric ion, the most avid metal-binding compounds in 
decreasing order of strength in terms of log p2 are: l-methyl-2- 
mercaptoimidazole, 2-mercaptobenzimidazole, a-mercaptocinnamic 
acid, 2-mercaptoimidazole, salicylic acid, and 3-acetyltetramic 
acid. Here the strong affinity of cupric ion for sulfur (17) results in 
higher stability constants than in the case of the nonsulfur chelating 
systems found with salicylic acid and 3-acetyltetramic acid. 


With aluminum ion, the most avid metal-binding compounds in 
decreasing order of binding strength in terms of log p3 are: saliylic 
acid, 1-methyl-2-mercaptoimidazole, 2-mercaptoimidazole, 2- 
cyano-3,3-dimercaptoacrylonitrile, a-mercaptocinnamic acid, 3- 
acetyltetramic acid, and 2-mercaptobenzimidazole. Here, several of 
the nitrogen-sulfur complexing compounds fall between salicylic 
acid and 3-acetyltetramic acid in metal-binding ability. Since the 
dimercaptoacrylonitrile derivative and a-mercaptocinnamic acid 
would be expected to form chelate rings, the mercaptoimidazoles 
should also form cyclic complexes. 


With ferric ion, the sequence in decreasing order of metal-binding 
avidity was based on the value of log K2, since many of the log KI 
values were not revealed. The order for the most avid metal-binding 


0 


I n 


hH3 
III 


compounds is: salicylic acid, l-methyl-2-mercaptoimidazole, 2- 
mercaptoimidazole, 2-mercaptobenzimidazole, 1,2,4-dithiazolidine- 
S-imino-3-thione, 2-mercaptobenzothiazole, 2-methyl-3-hydroxy-4- 
pyrone, 6-methyl-2-mercaptouraci1, and 3 -acetyl-5-methyl- 
tetramic acid. It appears again from the similarities in binding 
strengths to the nonsulfur-containing chelating agents that cyclic 
ferric complexes exist.The fact that a-mercaptocinnamic acid did not 
fall among the more avid metal-binders in this series is probably due 
to the smaller size of the ferric ion, which would make a poorer fit 
in the five-membered chelate ring expected for this compound. 


Some antibacterial or antifungal activity was found for 2-mer- 
captoimidazole, l-methyl-2-mercaptoimidazole, 2-mercaptobenzo- 
thiazole, and 2-mercaptouracil but not for 2mercaptobenzimida- 
zole. This agrees with literature reports regarding the activity of 
these compounds (Table VI). No activity was found for 2-methyl-3- 
hydroxy-Cpyrone, however, described as weakly bacteriostatic 
(1 8). Some activity was found with 3-acetyl-5-methyltetramic acid 
but not with 3-acetyltetramic acid; both compounds have been 
reported to be bactericidal (19). In addition, some activity was 
found for 1,2,4-dithiazolidine-5-imino-3-t hione, 2-cyano-3,3-di- 
mercaptoacrylonitrile, and a-mercaptocinnamic acid, which has not 
been previously reported. 


All of these compounds, with the exception of 2-mercaptouracil, 
have relatively high metal-binding stability constants; in the ferric 
series, particularly, the compounds with antimicrobial activity con- 
stitute the most avid metal-binding compounds. Although a- 
mercaptocinnamic acid has relatively low stability constants for 
reaction with ferric ion, it has relatively high constants for cupric 
and aluminum ions. One notable exception to this correlation be- 
tween metal-binding stability constants and antimicrobial activity is 
found with 2-mercaptobenzimidazole; this compound has relatively 
high constants for all the metal ions measured, particularly for 
cupric and ferric, but it has shown no antimicrobial activity. 


Although the correlation between metal-binding stability con- 
stants and antimicrobial activity is not perfect, it does appear that 
among these relatively simple heterocyclic structures capable of 
metal binding, those compounds with the greatest avidity for metal 
ions show antimicrobial effects. Those compounds with lower metal- 
binding avidities show none of this activity. It appears that the 
ability to bind metal ions should be considered a possible explana- 
tion for the antibacterial or antifungal activity of such structures, in 
particular for those compounds where nitrogen-sulfur bonding to 
metal may occur. 
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Biopharmaceutical Studies on Guaiacol Glyceryl 
Ether and Related Compounds V 


SHUN-ICHI NAITO', MITSUO MIZUTANI, SEIMEI OSUMI, TADAHIRO MIKAWA, 
KYOKO SEKISHIRO, KEIKO NAKAO, and HIDEYUKI WAKITA 


Abstract 0 Filtration using a crosslinked dextran gel was performed 
to determine the mechanism by which guaiacol glyceryl ether mono- 
nicotinate causes an increase in the solubility of cholesterol. The 
effects of guaiacol glyceryl ether mononicotinate and its related 
compounds on the incorporation of radioactive acetate into choles- 
terol also were investigated to obtain information concerning their 
hypocholesteremic behavior. Blood levels and urinary metabolites 
of guaiacol glyceryl ether mononicotinate in man were determined. 
Although the main purpose cf the present study was not to investi- 
gate pharmacological effects of guaiacol glyceryl ether mononico- 
tinate, it was noted that this compound displayed some analgesic 
but no antihistamine or anti-inflammatory activity. 


Keyphrases 0 Guaiacol glyceryl ether mononicotinate-effect on 
solubility of cholesterol and incorporation of radioactive acetate, 
blood levels and urinary metabolites in man 0 Hypocholesteremic 
activity-guaiacol glyceryl ether mononicotinate 0 Blood levels- 
guaiacol glyceryl ether mononicotinate, man 0 Urinary metab- 
olites-guaiacol glyceryl ether mononicotinate, man 0 Choles- 
terol, solubility and incorporation of radioactive acetate-effect of 
guaiacol glyceryl ether mononicotinate 


Blood levels of guaiacol glyceryl ether mononicotinate 
in animals, the effects of it and related compounds on 
bile in animals, and the hypocholesteremic effect were 
previously reported (I). 


The present study was concerned with guaiacol glyc- 
eryl ether mononicotinate; a few of the pharmacologi- 
cal effects, together with the hypocholesteremic mecha- 
nism of action of guaiacol glyceryl ether mononicoti- 
nate, were investigated. Moreover, blood levels and 
urinary metabolites of guaiacol glyceryl ether mono- 
nicotinate in human test subjects were determined as a 
preliminary for evaluation of clinical activities of guai- 
acol glyceryl ether mononicotinate. 


EXPERIMENTAL 


Effect of Guaiacol Glyceryl Ether Mononicotinate on Squirming 
and Capillary Permeability-The procedure was performed by the 


method of Whittle (2) and Naito et al. (3). Each group consisted 
of 10 mice (dd strain, average weight 15 g.). 


Tail Withdrawal Reflex in Mice-The method for analgesimetry 
described in the paper of Ben-Bassat et al. (4) was used. Each group 
consisted of 12 male mice (dd strain, average weight 15 g.). 


Anti-Inflammatory Activity-The method for anti-inflammatory 
testing (involving the use of carrageenin) reported previously (3) 
was used in this part of the study. Each group consisted of five male 
rats (Wistar strain, average weight 180 g.). 


Antihistamine Activity-Guinea pigs (Hartley strain, average 
weight 300 8.) were used in the experiment carried out by the pro- 
cedure of Labelle and Tislow ( 5 ) .  Each group consisted of five male 
guinea pigs. 


Effect of Guaiacol Glyceryl Ether Monohicotinate on Duration of 
Sleep Induced by Hexobarbital and on Blood Level of Hexobarbital- 
Each test group consisted of 10 male rats (Wistar strain, average 
weight 150 g.). Each animal received 100 mg./kg. of hexobarbital 
intraperitoneally, and guaiacol glyceryl ether mononicotinate was 
given intraperitoneally 30 min. prior to the hexobarbital injection. 
The experimental design was the same as that reported by Brodie 
et al. (6). 


Column Filtration-The gel2 washed with distilled water was 
filled up to a 20-cm. height in a glass tube 15 mm. in diameter. One 
milliliter of human serum (cholesterol, 530 mg. %) from high cho- 
lesterol patients was used as a serum sample. After the addition of 
a serum sample to the column, 150 ml. of distilled water containing 
500 mcg./ml. of either guaiacol glyceryl ether, 8-(4-hydroxy-2-me- 
thoxyphenoxy)lactic acid, or ~-(2-methoxyphenoxy)lactic acid was 
passed through the column as an eluting solvent and collected in 
3-ml. fractions. It was previously ascertained that this volume of the 
eluant was sufficient to elute the cholesterol. Cholesterol in the elu- 
ant was determined by the method of Zurkowski (7). 


Incorporation of Acetate into Cholesterol by Rat Liver Slices- 
Guaiacol glyceryl ether mononicotinate or meso-inositol hexanico- 
tinate (inositol niacinate), which is insoluble in water, was passed 
through a 200-mesh screen to make an homogeneous suspension 
with water. The other compounds tested were all water soluble. 


Male rats (SD strain, average weight 250 g., 7 weeks old) were 
used for this experiment. After the rats were killed by decapitation, 
their livers were quickly removed and sliced with a microtome and 
approximately. 500 mg. of slices was placed in 5 ml. of Krebs- 
Ringer buffer (pH 7.4, a mixture of 41.8 ml. of 0.9% NaCl, 63.8 ml. 
of 1.15 % KCI, 3.0 ml. of 1.22 CaC12, 1 .O ml. of 2.11 % KH2P04, 
1.0 ml. of 3.82% MgSOn.7Hz0, and 21.0 ml. of 1 .30z NaHC03). 
The buffer containing sodium acetate-l-14C: (2.3 pc./5 pmoleslflask) 


1 Guaiacol glyceryl ether is officially known as glyceryl guaiacolate. 
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Determination of Fluorinated Hydrocarbon Propellants in 
Blood of Dogs after Aerosol Administration 


LEON SHARGEL' and RAYMOND KOSS 


Abstract 0 A GC method utilizing electron-capture detection is de- 
scribed for the measurement of certain fluorinated chloromethane 
and chloroethane propellants in dog blood. The lower limits of 
quantitation were 3.3 ,  10, 40, and 80 ng./nil. of blood for trichloro- 
monofluoroniethane, dichlorodifluoromethane, trichlorotrifluoro- 
ethane, and dichlorotetrafluoroethane, respectively. These fluoro- 
carbons were determined simultaneously in the arterial and venous 
blood of anesthetized male and female dogs following administration 
(by inhalation) of an aerosol mixture containing 25% (w/w) of each 
propellant. Trichloromonofluoromethane demonstrated the highest 
blood levels and declined slowly, whereas dichlorodifluoromethane 
and dichlorotetrafluoroethane showed lower blood concentrations 
and declined more rapidly. Trichlorotrifluoroethane declined a t  a 
rate that was intermediate between trichloromonofluoroniethane 
and dichlorodifluoromethane. 


Keyphrases 0 Propellants, fluorinated hydrocarbon--analysis in 
blood after inhalation, dogs 0 Fluorinated hydrocarbon propel- 
lants-analysis in blood after inhalation, dogs 0 Blood, fluorinated 
hydrocarbon content-analysis after propellant inhalation, dogs 
GC, electron-capture detector-analysis, fluorinated hydrocarbons, 
blood, dogs 


There has been increasing concern as to  the possible 
toxicity of the fluorinated hydrocarbons used as pro- 
pellants in bronchodilator (1-3) and other aerosols (4). 
Studies relating to the potential toxicity of these fluoro- 
carbons require the availability of sensitive assays for 
the determination of blood levels. Hence, analytical 
methodology was developed and applied to the measure- 
ment of these fluorocarbons in the blood of mongrel 
dogs treated with intratracheal doses of propellants 
from an aerosol preparation. 


EXPERIMENTAL 


Materials--All fluorocarbons including trichloromonofluoro- 
methane (b .p  23.7"), dichlorodifluoromethane (b.p. -29.8 "), 
1.2-dichlorotetrafluoroethane (b.p. 4.1 "), and trichlorotrifluoro- 
ethane ( b . p  47') were purchased from a commercial source1. A 
pressurized aerosol was prepared containing 25 (w/w) of each 
Huorocarbon. The aerosol ( I  5-ml. container) was fitted with a 
50-pi. metered valve2. Each actuation of the valve delivered 67.2 
mg. of fluorocarbons equal to 16.8 mg. each of trichloromono- 
fluoromethane, dichlorodifluoromethane, trichlorotrifluoroethane, 
and dichlorotetrafluoroethane. 


High purity normal hexane3 and vacutainers, 5-ml. draw contain- 
ing 12.5 mg. potassium oxalate, were used4. 


Dosing of Animals and Collection of Blood Samples--Adult, non- 
fasted mongrel dogs of both sexes, weighing 8.8-14.2 kg., were 
anesthetized with sodium pentobarbita15, 30 mg./kg. i.v. The trachea 
was exposed. cannulated, and fitted with a plastic adapter to fit the 
aerosol preparation. Blood samples were taken from both the right 
femoral vein and the right femoral artery cia implanted polyethylene 


1 Purchased as  Freons from E. I .  duPont de Nrniours & Co.. Wilrniiig- 


3 PhillipsPctr 
.I Becton, Dickinson & do.. Rutherford, N. J. 


catheters. Animals were dosed by pressing the aerosol container 
(attached to a plastic adapter) to activate the metered valve. Ten 
successive actuations were delivered to each dog, one actuation on 
each successive inspiratory phase of respiration. Blood samples 
were removed using heparinized disposable 1 .O-ml. syringes at  
0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 10, 15, 30, 60,90, 
and 120 min. after the first actuation. The heparinized blood sample 
( I  .O ml.) was injected into an ice-cold, 5-ml. draw vacutainer con- 
taining 12.5 mg. potassium oxalate and 2 or 4 ml. of hexane. The 
vacutainer was mixed thoroughly and placed on dry ice until 
an a 1 yze d . 


GC Analysis-A dual-column gas chromatograph6 equipped 
with a tritium foil electron-capture detector was used for all analy- 
ses. The fluorocarbons were chromatographed on a 1.83-m. (6-ft.) 
presilanized? glass column (3-mm. i.d.) packed with Poropak Q8. 
The column temperature was 140', the flash heater temperature 
was 165", and the temperature of the electron-capture detector was 
190". The purge gas was a mixture of 10;; methane in argon, with a 
flow rate of 100 ml./min. The flow rate of the carrier gas (helium) 
was 25 ml./min. The pulse was set at 50 psec. 


Samples ( 3 - 4  size) were iiijected in the gas chromatograph 
using a 10-pl. syringe$. Sample injections were performed as fol- 
lows: initially, 1 pl. of solvent hexane was drawn into the syringe, 
followed by 1 pl. of air; then 3 pl. of the hexane extract was drawn, 
all into the syringe barrel, leaving air in the needle. Once retention 
times were established for individual standards, the fluorocarbons 
were pooled during the dilutions. The retention times were: di- 
chlorodifluoromethane, 1.9 min.; dichlorotetrafluoroethane, 3.8 
min.; trichloromonofluoroniethane, 7.2 min. ; and trichlorotri- 
Huoroethane, 14 min. Hexane alone gave two peaks, with retention 
times of 16.5 and 15 min. (Fig. 1). 


l . I . l . l . I . I . I . I , I . I ,  


0 2 4 6 8 10 12 14 16 18 
MINUTES 


Figure 1-Typical gas chroinntogrum of staiidorcls. Key: (1) di- 
clilorodifiiorortiefliu,lp, 0.48 iig. I. ( 2 )  diclilorotrrrrfiioroetliuiie, 3.2 iig. ; 
(3 )  iricliloronioiio~~rorometlitrire, 0.48 /rg. ; ( 4 )  triclrlorotri~iroroeilia~ie, 
3.2 f ig , ;  atid ( 5 )  hexu/ie, 3 p/ .  Attenuations were: ( A )  I X 16, ( B )  1 X 
64, mid ( C )  1 X 16. See Experimental for  rliromrrtogrphic 
coiiditions. 


~~ ~ ~ ~ 


6 F & M model 400. 
7 The procedurc for silanization was as follows. Fill the column with a 


5 solution of diclilorodirnrthylsilaiie i n  reagent gradc toluene. Allow 
to stand for 20 miti., drain, rinse with reagent grade methanol, and allow 
to dry. 


8 Waters Associates, Framingham, Mass. 
9 Hamilton Co., Whittier, Calif. I Ncrnbutal, Abbott Lahs. 
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Figure 3-Dicl1lorodi’1rorometliane blood levels in the dog. Five or 10 actuations o f  an aerosol mixiure containing 25 (w/w) of tricliloromono- 
fluoromethane, dichlorodifl~iorame~l~ane, trichlorotrijuoroeihane, and diclilorotetrafluoroetliane were administered iniratraclieally to three or four 
dogs, one actuation on each sircressire inspiraiory phase of‘ respirution. Each point represents the fluorocarbon blood leael obtained from a single 
dog. Key: 0, fice actuations; and A, 10 actuations. 
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Figure 4-Trichlorotrifliroroetliane blood levels in the dog. Five or 10 actuations of an aerosol mixture coiztaining 25 ( w / w )  of trichloromoiio- 
fluoromethane, diclilorodifluorometliatie, trichlorotrifluoroethane, and dichlorotetraflworoetliane were administered intratracheally to three or 
four dogs, one actuation on each successive inspiratory phase of respiration. Each poitit represents the fluorocarbon blood level obtained f rom a 
siiigle dog. Key: 0, five actuations; arid A, 10 actuations. 
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Figure 5-Dichlorotetrafluoroethane blood levels in the dog. Five or 10 actuations of uti aerosol mixture coiituining 25 ( w l w )  of trichloromono- 
firrorometkane, diclilorodifluorometliane, trichlorotrifluoroethane, and diciilorotetrafluoroetli~i~ie were admiiiistered intratraclieally to three or.four 
doxs, one uctuatioti oii each successive inspiratory phase of respiration. Euch point represents the fluorocarbon blood level obtained from a siiigle 
dog. Key: 0, j ive actuations: atrd A, I0 actuations. 
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Table I-Recovery of Trichloromonofluoromethane, 
Dichlorodifluoromethane, Trichlorotrifluoroethane, and 
Dichlorotetrafluoroet bane" 


Fluorocarbon Percent Recovery 
~~~~ 


Trichloromonofluoromethane 
ng./ml. 


10 
20 
40 ._ 
80 


160 
Mean f SE 


mcg./ml. 
50 


100 
200 


Mean i S E  


ng./ml. 
Dichlorodifluoromethane 


10 
20 
40 
80 


160 
Mean =k SE 


mcg./ml. 
50 


100 
200 


Mean f SE 
Trichlorotrifluoroethane 


ng./ml. 
80 


1 60 ~~~ 


320 
640 


1280 
Mean f SE 


ng./ml. 
80 


160 
320 
640 


1280 


Dichlorotetrafluoroethane 


Mean f SE 


103 
1 1 1  
91 


104 
100 
102 f 3.2  


96 
95 


102 
98 f 2 . 2  


108 
83 
91 


103 
99 
97 i. 2.3  


98 
103 
106 
102 + 2.3  


91 
100 
95 


100 
90 
95 i 2.1 


107 
95 


106 
109 
87 


101 f 4 . 2  


0 Standards were diluted in methanol at dry ice temperature. Dilutions 
were added to 1 .O ml. heparinized dog blood contained in a vacutainer in 
ice. Ten milliliters of cold hexane was then added. The vials were mixed 
well and placed on dry ice prior to analysis. Three microliters of the hex- 
ane phase was injected onto the column. 


Preparation of Standards-These procedures were designed to  
handle the more volatile fluorocarbons, i.e., dichlorodifluorometh- 
ane and dichlorotetrafluoroethane, as well as trichloromonofluoro- 
methane and trichlorotrifluoroethane. 


Dichlorodifluoromethane and dichlorotetrafluoroethane were 
obtained as liquids from individual gas cylinders by passing the gas 
through capper tubing immersed in a dry ice-acetone bath. Tri- 
chloromonofluoromethane and trichlorotrifluoroethane were ob- 
tained as liquids from individual cylinders. The fluorocarbons 
were poured into a suitable container such as a small glass bottle 
which was placed on dry ice. 


When making all subsequent transfers, all glassware was pre- 
cooled by bathing in a dry ice-hexane bath. (A dry ice-hexane 
bath was preferred over a dry ice-acetone bath to prevent con- 
tamination of the sample with acetone.) 


All dilutions were made by volume. A mean density of 1.62 
mg./ml. was calculated for an equal mixture by weight of each 


Table 11-Peak Blood Levels of Fluorocarbons in Dogs after 
Aerosol Administration" 


Peak Arterial 
Level as Per- 


cent of 
Administered 
-Dose*-- 


10 5 
--Peak Level, mcg./rnl.- Actu- Actu- 


Fluorocarbon 10 Actuations 5 Actuations ations ations 


Trichloromono- 
fluoromethane 


Arterial 22.3 f 1.0  13.2 + 1.4  15.9 8.89 
Venous 6.22 =k 2.6 2.45 z!= 0.29 


Dichlorodifluoro- 
methane 


Arterial 6;17 f 0 . 3 8  3.16 + 0.06 4.41 4.51 
Venous 1.54 f 0.84 0.56 2G 0.04 


Arterial 11.56 f 1 . 7 8  6.43 + 0.61 8.26 9.19 
Venous 2.96 -I 1.40 0.79 2G 0.06 


Trichlorotrifluoro- 
ethane 


Dichlorotetrafluoro- 
ethane 


Arterial 3.80 f 0.52 2.32 =t 0.12 2.71 3 .31  
Venous 0.87 f 0.41 0.26 + Oc 


a Five or ten actuations of an aerosol mixture containing 25 % (w/w) 
of trichloromonofluoromethane, dichlorodifluoromethane, trichlorotri- 
fluoroethane, and dichlorotetrafluoroethane were administered to three 
or four dogs, respectively. One actuation delivered 16.8 mg. of each 
fluorocarbon. The results are expressed as the mean f S E  of the peak 
fluorocarbon blood level determined for three or four dogs. b Calculated 
for a 15-kg. dog with 8 of body weight as blood volume. c Mean f S E  
from two dogs. 


and dichlorotetrafluoroethane, which had been chilled in a hexane- 
dry ice bath, were transferred to  a small graduated tube (5 or 10 
mi.) and then aspirated to  the 1.0-ml. mark. The tube was then 
made to  volume (5 or 10 ml.) with precooled hexane. Once diluted 
in hexane, further dilutions were made using prechilled pipets. 
Dilutions can be made in the range of 10-1000 ng. fluorocarbon/ 
ml. hexane. 


Recovery of Fluorocarbons from Dog Blood-The fluorocarbons 
trichloromonofluoromethane, dichlorodifluoromethane, trichloro- 
trifluoroethane, and dichlorotetrafluoroethane were diluted volu- 
metrically in methanol, taking similar precautions as described in 
the preparation of standards. Dilutions were made so that 0.1 ml. 
of methanol solution contained 10-1000 ng. fluorocarbon. Higher 
dilutions can be used if desired. Vacutainers (5-mi. draw, containing 
12.5 mg. potassium oxalate) were filled with 1.0 ml. heparinized 
whole blood (pooled from mongrel dogs) by injection through the 
rubber stopper. [A 1.0-ml. syringe fitted with an 18-gauge, 2.54- 
cm. (1-in.) needle can be used.] The vacutainer was placed on ice to 
cool. Aliquots (0.1 ml.) of the methanolic fluorocarbon dilutions 
were injected (oia syringe) through the rubber stopper of the vacu- 
tainer and mixed with the blood. 


Methanol was used to  prepare standards for spiking blood so 
that a single-phase system was obtained. The volume of methanol 
must be kept t o  a minimum since larger amounts of methanol will 
yield a peak on the gas chromatograph at  a retention time similar 
to that of dichlorodifluoromethane. 


Two or four milliliters of ice-cold hexane was injected into the 
vacutainer, and the contents of the tube were mixed well. The 
sealed vacutainer was then placed in a test tube rack in dry ice. 
Samples were stable for up to  1 week when stored in dry ice in an 
upright position. 


Fluorocarbons in the hexane phase were assayed as follows. 
The cap of the vacutainer (which was in dry ice) was removed. 
An aliquot ( 3  PI.) of the hexane phase was removed and injected 
into the gas chromatograph. Recovery of the fluorocarbons was 
calculated by comparing the peak heights of the hexane-extracted 
blood samples to standards made up directly in hexane. 


fluorocarbon. Trichlorotrifluoroethane freezes a t  - 35: and must 
be thawed before pipeting. Trichloromonofluoromethane and 
trichlorotrifluoroethane pipet easily as liquids. Dichlorodifluoro- 
methane and dichlorotetrafluoroethane did not pipet easily in our 
hands, even with precooled pipets. Thus, dichlorodifluoromethane 


RESULTS 


The "on-column" lower limit of detection was: trichloromono- 
fluoromethane, 10 pg. ; trichlorotrifluoroethane, 120 Pg.; dichloro- 
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difluoromethane, 30 pg. ; and dichlorotetrafluoroethane, 240 pg. 
The sensitivity for the fluorocarbons varies according to the type of 
electron detector used. The standard curves were constructed by 
plotting peak heights uersus concentration. A linear relationship 
was found for all standards. Recovery of fluorocarbons by hexane 
extraction of whole blood was virtually 100% (Table I). Trichloro- 
monofluoromethane and dichlorodifluoromethane were extracted 
equally well at high (micrograms per milliliter) and low (nanograms 
per milliliter) concentrations. 


No internal standard was necessary in this assay. Since the fluoro- 
carbons have high volatility at room temperature, all diquots of 
the hexane extract were removed after the solutions had been cooled 
to dry ice temperature. The precision of the assay and the linearity 
of the standard curves demonstrated that these propellants were 
measured with reproducibility and accuracy. 


The arterial and venous blood levels in the dog following five 
or 10 actuations of a pressurized aerosol containing a 25% (w/w) 
mixture of each fluorocarbon are shown in Figs. 2-5. Arterial 
fluorocarbon concentrations peaked at 30 sec. after the first actua- 
tion of the aerosol. At this time interval, the entire dose (10 actua- 
tions) had been administered. Venous fluorocarbon levels were 
more variable than arterial blood levels. Fluorocarbon concentra- 
tions in venous blood peaked at 1.5-2 min. after the first actuation. 
Venous levels of fluorocarbons declined at rates comparable to 
those observed in arterial blood. The circulation time as well as 
mixing of blood uia arterial-venous shunts may account for the 
greater variability in the venous data. 


The arterial and venous blood concentration-time curves did 
not fit a single-exponential or biexponential curve. Therefore, a 
single half-life ( t1;J for each fluorocarbon could not be calculated. 
The data in Figs. 2-5 show that the blood levels of each fluorocarbon 
declined rapidly, reaching one-half the peak arterial blood level in 
0.5 min. or less. Dichlorotetrafluoroethane declined most rapidly 
followed by trichlorotrifluoroethane, dichlorodifluoromethane, 
and trichloromonofluoromethane, respectively. Peak arterial 
levels of each fluorocarbon were found to be 4-5 times that of the 
peak venous levels (Table 11). After the first 2 min., venous levels 
approximated the arterial levels. Furthermore, the peak arterial 
levels accounted for only a small percent of the total administered 
dose. For example, the peak arterial concentration of trichloro- 
monofluoromethane accounted for at most 15.9% of the dose, 
whereas the peak arterial concentration of dichlorodifluoromethane 
accounted for only 4.4 of the dose. 


DISCUSSION 


In earlier attempts by the authors at the assay of fluorocarbon 
propellants, 1-2 PI. of whole heparinized blood was injected 
directly on the column. Other groups (5,6) also used this approach. 
The extraction of fluorocarbons directly into hexane enables the 
use of a nonaqueous solution for injection onto the column. Results 


using injections of whole blood or hexane-extracted samples were 
essentially similar. The latter method precludes the necessity of 
cleaning the column at frequent intervals. 


Although equal amounts of fluorocarbons (16.8 mg. each of 
trichloromonofluoromethane, dichlorodifluoromethane, trichloro- 
trifluoroethane, and dichlorotetrafluoroethane) were administered 
simultaneously, the arterial peak levels for each fluorocarbon were 
different and accounted for only a small fraction of the total dose 
administered. The amount of fluorocarbons absorbed appeared to 
be related to the physical properties of the individual fluorocarbons. 


Dollery et al. (5) and Paterson et al. (6) reported trichloromono- 
fluoromethane in venous blood samples of humans after adminis- 
tration of a commercial aerosol preparation. The method of Dollery 
et a / .  ( 5 )  did not distinguish between trichloromonofluoromethane 
and trichlorotrifluoroethane and did not quantitate the more 
volatile dichlorodifluoromethane and dichlorotetrafluoroethane. 
Paterson et al. ( 6 )  were able to separate these fluorocarbons, but 
they did not report blood levels of dichlorodifluoromethane and 
dichlorotetrafluoroethane. 


The methods used in the studies reported here are extremely 
sensitive for the measurement of nanogram concentrations of 
various fluorocarbons in the blood. Furthermore, each fluorocarbon 
can be separated and quantitated simultaneously. The ease with 
which hexane-extracted samples can be collected and stored should 
allow for the use of this method in clinical and laboratory investi- 
gations. 
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Radiotracer Distribution and Excretion Study of 
Chlorophenothane in Rats 


R. H. BISHARA’, G .  S. BORN, and J. E. CHRISTIAN 


Abstract 0 14C-Labeled chlorophenothane was acutely adminis- 
tered orally and intraperitoneally to rats to study the tissue distribu- 
tion, rate of excretion, and effect of the route of administration. 
Five days after dosing, the fat was the tissue with the highest radio- 
activity irrespective of the route of administration. At the 0.05 
significance level, the lungs, spleen. liver, kidneys, and testes of in- 
traperitoneally dosed rats showed greater concentration than those 
orally dosed. The fecal excretion of thelatter group was higher than 
those of the former group. The greatest percentage of radioactivity 
excreted in feces after oral administration occurred in the first 24 
hr. Urinary excretion by the two routes was statistically the same. 
Negligible T O 2  was detected in the respired air. The rewlts of 
this experiment support previously reported nonradiotracer studies. 


Keyphrases [7 Chlorophenothane (p,p’-DDT), radiolabeled-. 
distribution, excretion, rats 0 Radiolabeled chlorophenothane 
(p,p’-DDT)-dislribution, excretion, rats 0 Tissue distribution- 
radiolabeled chlorophenothane, rats 0 Excretion studies-- radio- 
labeled chlorophenothane. rats 


Data on the accumulation of chlorophenothanel in 
animals following single and/or multiple doses have 
been reported in the literature. Distribution of chloro- 
phenothane following a single dose (intravenous, oral, 
or intraperitoneal) in rat tissues was studied by Judah 
(I ) .  Comparable data for repeated oral dosing of rats 
was reported by Deichmann et al. (2): Laug and Fitz- 
hugh (3), and Ludewig and Chanutin (4). Similar data 
were also available for rabbits ( I ,  5-9), goats (lo), dogs 
( l l ) ,  cats (71, and turkeys (12). The amount of chloro- 
phenothane stored in fat was always greater than in 
other organs of the same animal. 


The methods used to  determine chlorophenothane in 
the previous studies included the estimation of organi- 
cally bound chlorine (7, 8) and color development with 
the xanthydrol-potassium hydroxide-pyridine pro- 
cedure (13). Stiff and Castillo (9) failed to  show chloro- 
phenothane in tissues of animals using the latter 
method. Their findings were criticized by Judah (1) 
because they used the alcoholic saponification step, 
which was reported to destroy chlorophenothane 
to  I,l-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p’- 
DDE), a product that does not yield color with the 
xanthydrol-potassium hydroxide-pyridine method 
(14). Schechter and Haller (IS) and Schechter el  al. (16) 
reported a specific spectrophotometric method for the 
estimation of chlorophenothane and related com- 
pounds. The colors were developed by the interaction 
of the intensively nitrated compounds and methanolic 
sodium methoxide in benzene solution. Their method 
was applied to  biological materials by Ofner and Calvery 
( 5 )  and Judah ( I ) .  Laug (17) developed a biological 
assay method-depending on the toxic response of the 


1 1.1, I-Trichloro-2,2-bis(p-chlorophenyl)ethane (p,p’-DDT). 


housefly-to determine chlorophenothane content in 
animal tissues and excreta. Results of the bioassay 
method were in good agreement with those obtained 
using the chemical method of Schechter and Haller 
(15). 


The development of highly sensitive detectors re- 
sulted in several GC methods for the estimation of 
chlorophenothane and related materials in biological 
tissues and fluids (18-27). Analysis of chlorinated 
insecticides in these biological samples by electron- 
capture G C  requires several methods of extraction and 
cleanup which are time consuming (22-24), involve 
many pieces of glassware, suffer surface adsorption 
losses (18), and demand special solvent and equipment 
treatments before use (28). In  some GC methods the 
procedures recommended were destructive to chloro- 
phenothane (27). A high degree of technical skill, ex- 
treme care in preparation of apparatus (20), and pre- 
treatment of samples before analysis (27) were among 
other requirements for the GC procedures. 


Studies on the losses of pesticides during sample prep- 
aration were reported by Chiba and Morley (29). 
Filtration, partitioning, washing, concentration, and 
evaporation to  low volume or dryness were examined 
separately. The losses of insecticide residues during 
filtration, washing, or partitioning were relatively small 
but cumulative and cannot be neglected. The most 
significant loss was caused by evaporation to dryness 
(29, 30). These methods were evaluated using 14C- 
chlorophenothane (29-3 1) and conducting parallel GC 
and radiometric measurements (27). Application of 14C- 
chlorophenothane demonstrated the failure of the 
colorimetric method of Schechter et al. (16) to extract 
25 of chlorophenothane metabolites in bile and feces 
(32). Forty-four percent of the radioactivity in the bile 
was lost in the heating step for nitration, and an addi- 
tional 10% of the radioactivity was retained by the 
sodium hydroxide wash step (33) of the same colori- 
metric method. 


The literature shows that the use of 14C-chloropheno- 
thane to study the distribution of the pesticide in  rats 
would be more specific and sensitive since the radio- 
tracer technique is free from the problems of GC and 
colorimetric methods. Radioanalysis usually can be 
achieved at  nanogram levels of the labeled compound 
(34). Furthermore, since traces of chlorophenothane 
could be found in almost all living organisms (27), the 
use of 14C-chlorophenothane eliminates interference 
from the naturally occurring residues in contrast to  the 
other two methods. The objective of this study was to 
use a radiotracer technique to:  (a) determine the amount 
of chlorophenothane residues accumulated in 13 dif- 
ferent tissues of adult rats after 5 days of a single oral or 
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intraperitoneal dose, (b) determine urinary and fecal 
excretion, (c) determine excretion uiu exhaled carbon 
dioxide, and ( d )  determine the effect of the route of 
administration on any of these parameters. 


EXPERIMENTAL 


Liquid Scintillation Counting-An internal liquid scintillation 
spectrometer*, equipped with bialkali phototubes, was used to assay 
for the 14C activity present in the various samples. The scintillation 
solution used consisted of 0.4% 2,5-diphenyloxazole in an equal 
volume of toluene and 2ethoxyethanol. The percent counting 
efficiency of each sample was determined by adding 14C-toluene 
internal standard and recounting. Whenever practical, the samples 
were counted with less than 5 %  counting error a t  the 95% con- 
fidence level. 


Radiochemical--The radiochemical purity of 14C-chloropheno- 
thane, ring uniformly labeled3 (specific activity 3.85 mc./mmole), 
was determined by TLC and autoradiography. Twenty-four micro- 
grams of labeled chlorophenothane (0.26 pc.) and 10 mcg. of carrier 
chlorophenothane', each dissolved in a benzene solution, were 
spotted on four TLC plates5. Each plate was developed in one of 
four solvent systems: n-hexane, ti-hexanechloroform (80:20), 11- 


hexane-ethyl ether-acetic acid (90: 10: l), and n-pentane-acetone 
(95: 5). Chlorophenothane was located by visualizing under UV light 
and spraying with a silver nitrate chromogenic reagent as described 
by Bishara ct al. (35). An amount of the labeled chlorophenothane 
solution equal to 1 of that originally spotted was placed on the 
upper right corner of each developed plate as a sensitivity spot. The 
plates were then exposed to X-ray films, with an exposure time 
sufficient to allow for lo7 disintegrations from the sensitivity spots. 
The radioactive spots on the TLC plates were marked after super- 
imposing the radiochromatogram on the plate. For determination of 
the radioactivity in the marked spot, the adsorbent layer was scraped 
and quantitatively transferred into a counting vial, which was then 
filled with thixotropic gel powder7 and 15 ml. scintillation solution. 
The vial was allowed to stand at  room temperature for a few hours 
with shaking on a mixer a t  intervals before being counted. The 
radiochemical purity of 14C-chlorophenothane was found to be 
greater than 98.7%. 


Radiorespirometry-Roth-type glass metabolism chambers* were 
used to draw air free of moisture and carbon dioxide through the 
chamber. Anhydrous calcium sulfateg and asbestos coated with 
sodium hydroxidelo were used to remove the moisture and carbon 
dioxide, respectively, from the laboratory air. A flow rate of 500 
ml./min. was maintained by a Cartesian manostat'l. Air leaving the 
chamber was again passed through anhydrous calcium sulfate before 
being bubbled through two gas scrubbing towers containing 100 ml. 
of a mixture of 2-ethoxyethanol and 2-aminoethanol (2:  1 ) to trap 
respired carbon dioxide. The drying of the chamber exhaust air 
was to prevent water quenching while counting the samples. The 
second trap was included to ensure quantitative collection of carbon 
dioxide. However. the eficiency of the first trap approached 100% 
(36). 


Preliminary Experiment-- -The purposes of this preliminary ex- 
periment were: ( a )  to obtain samples containing 14C-chloropheno- 
thane for investigating the application of three methods of tissue 
solubilization for liquid scintillation counting, (b )  to have an idea 
about the effect of the dose chosen, and ( c )  to learn about the distri- 
bution of the activity among the different tissues and excreta in a 
short period of 24 hr. A male Sprague-Dawley strain descendent 
white laboratory rat12 weighing 249 g. was dosed orally with 0.5 
nil. 14C-chlorophenothane in peanut oil equivalent to 10 mg. chloro- 


2 Tri-carb model 2002, Packard Instrument Co.. Downers Grove, Ill. 
3 Mallinckrodt-Nuclear, St. Louis, Mo. 
4 Aldrich Chemical Co., Milwaukee, Wis. 
5 Precoated 2 5 0 - p  TLC plates, aluminum oxide (type E) F254, Brink- 


6 Kodax No-Screen Medical X-rav film. Eastman Kodak Co.. 
mann Instruments. Inc., Westbury. N. Y. 


Rochester, N .  Y. 
i Cab-0-Sil. Packard Instrument Co., Downers Grove, Ill.  
8 Delmar Scientific Laboratories. Mavwood. Ill. 
9 Drierite. Hammond Drierite Co., Xenia. Ohio. 


10 Ascarite, Arthur H. Thomas Co., Philadelphia. Pa. 


1' Laboratory Supply Co., Indianapolis, Ind. 
Manostat Division of Greiner Scientific Corp., New York. N. Y. 


Table I-Comparison of Tissue Solubilization Methods 


Method 


Perchloric acid 
Soluene 
Hyamine hydroxide 
Perchloric acid 
Soluene 
Hyamine hydroxide 
Perchloric acid 
Soluene 
Hyamine hydroxide 
Perchloric acid 
Soluene 
Hyamine hydroxide 


Percent 
Counting 
Efficiency 


55.2 
71.5 
42.1 
55.6  
73.3 
40.4 
69.5 
68.9 
48.9 
68.7 
57.4 
36.0 


d.p.m./mg. Tissue 


42.16 Liver 
41.68 
41.41 
28.17 Kidney 
22.96 
26.10 


286.51 Eoididvmal . <  


296.28 fat 
323.43 


1.96 Blood 
3.15 
1.94 


phenothane and 5.3 pc. The animal was placed in a 20 X 11.5-cm. 
stainless steel metabolism cage13 with food and water ad libitum. 
The rat was sacrificed 24 hr. after dosing by decapitation with a 
small guillotinel4, and the following organs were removed: heart, 
lungs, brain, spleen, testes, liver, muscle (left rear leg), epididymal 
and perirenal fat, adrenals, kidneys, stomach, intestine, and blood 
which was collected over 2 ml. of 4 %  sodium citrate. Feces and 
urine were collected every 6 hr. The excreta and all organs were kept 
in a freezer until analyzed. 


Replicates of 50-mg. portions of minced wet tissue samples were 
prepared for counting by three different methods, and the results 
of each replicate were averaged. The first procedure was a slight 
modification of the Mahin and Lofberg acid digestion method (37) 
using perchloric acid and hydrogen peroxide. To about 50 mg. of the 
tissue in a counting vial, 0.2 ml. of perchloric acid (70%) was added 
and mixed well to ensure thorough wetting of the tissue. Two- 
tenths milliliter of hydrogen peroxide (30%) was then added and the 
contents were mixed. The vials were put in the oven for 15 min. at 
70-75" and then were cooled to room temperature. Another 0.5 ml. 
of hydrogen peroxide solution was added, and the samples were 
bleached for 30 min. in the oven. The vials were allowed to cool to 
room temperature and 15 ml. of the scintillation solution was added, 
mixed, and counted. In the second method, hyamine hydroxide15 
was used to solubilize the tissues as described by Rowles (38). The 
third procedure was performed as reported by Larsen (39) who used 
SolueneI6 to digest tissues. Blank samples for each of the vials from 
the three methods were prepared and used in determining the cor- 
responding background. 


Triplicates of 50 mg./organ, 100-300 mg. urine, and 20 mg. feces 
were digested and counted, The carcass was frozen in liquid nitrogen 
and then transferred to a blenderL7. Five hundred milliliters of 
water was added, and the carcass was blended for about 10 min. 
Ten aliquots, each weighing 250-300 mg., were digested. Similar 
amounts of "C activity were found in all replicates of the four (liver, 
kidney, epididymal fat, and blood) tissue samples used for compar- 
ison of the solubilizing methods, Table 1 summarizes the data ob- 
tained. Assumption of the stability of 14C-chlorophenothane under 
the conditions of the perchloric acid--hydrogen peroxide method 
was made because of similar activity data obtained using the other 
two methods. The Soluene procedure required a longer digestion 
time than the previous method. Furthermore, a feathery white 
precipitate was collected on the bottom of the vial when left to 
stand. The hyamine hydroxide technique was also slow and had the 
lowest counting efficiency. For expediency, simplicity, and economy, 
the perchloric acid-hydrogen peroxide method was adopted for 
solubilizing the tissues in all animal studies. All organs and blood 
collected showed 14C activity. The urine and the feces showed activ- 
ity after 6 hr. The carcass samples indicated an average body reten- 
tion of 83.5% of the administered dose. The dose administered did 
not elicit any toxic signs, and the solution in peanut oil did not cause 
diarrhea. 


I J  Acme Metal Products, Chicago, Ill. 
1 4  Harvard Apparatus Co., Dover. Mass. 
16 Hydroxide of Hyamine. 10-x. Packard Instrument, Downers Grove, 


1 6  Soluene, 100; Packard Instrument, Downers Grove, Ill. 
17 Waring Products Co., Winsted, Conn. 
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Tissue Distribution Study-A solution of *4C-chlorophenothane 
was prepared in peanut oil so that each 0.5 ml. was equivalent to 
12.9 pc. and 10 mg. chlorophenothane. Six male Sprague-Dawley 
strain descendent rats, weighing between 176 and 186 g., were used 
for this study. The rats were acclimatized to laboratory conditions 
and handling for a period of two days. Foodla and water were al- 
lowed ad libitum until 24 hr. before dosing when the food was re- 
moved. Three rats were dosed orally, and the remaining three rats 
were dosed intraperitoneally. The administered dose of chloro- 
phenothane represented 0.2 of the LDso (40) to prevent any toxic 
manifestation and was calculated individually depending on the 
rat's body weight. The activity administered ranged from 11.15 to 
11.66 pc. The rats were immediately housed in the glass Roth-type 
metabolism cages. Laborstory air was drawn through the system as 
previously described under radiorespirometry. 


To ensure rapid absorption, the rats were denied food for 6 hr. 
following the dosing but water was allowed ad libitum. The traps 
were changed every 6 hr. during the 24-hr. carbon dioxide collection 
period. Triplicate aliquots of 3 ml. each from all collected traps were 
pipeted into a counting vial, 15 ml. of the scintillation solution was 
added, and the samples were counted. After the first 24 hr. the top 
of the glass metabolism chamber was removed and replaced by a 
5-mm. mesh screen to  keep the rats from leaving the metabolism 
chamber, Five days after dosing, the animals were sacrificed by 
decapitation with a small guillotine. The blood was collected into a 
beaker containing 2 ml. of 4% sodium citrate. The same 13 organs 
removed from the rat of the preliminary experiment were removed 
from all six rats of this experiment. The organs were rinsed with 
saline to remove excess blood and were then dried, weighed, and 
frozen until analyzed. The stomach and intestines were cut open 
and washed with saline to  remove any contents. The washings were 
added to the carcass to allow for the material balance determina- 
tion. Triplicates of 50 mg. of each tissue were solubilized using the 
perchloric acid-hydrogen peroxide method. The adrenals were 
assayed in duplicates (left and right adrenals). The carcass was 
homogenized as previously mentioned (preliminary experiment), 
and 10 aliquots of the homogenate were digested and counted. 
The glass metabolism cages were rinsed with 5 X 10 ml. water, and 
the wash was added to the carcass before homogenization. 


Excretion Study-The excretion study was conducted simul- 
taneously with the tissue distribution study. The same rats were used 
for the two studies, and data from both experiments were added 
together to calculate the material balance. Feces and urine samples 
were collected for each animal in tared vials a t  6, 12, 18, 24, 30, 
36,42, 48, 60, 72, 84,96, 108, and 120 hr. from dosing. The excreta 
samples were accurately weighed and frozen until analysis. The 
feces pellets were ground in a glass mortar, and triplicates were 
digested and counted. Urine samples were transferred to a counting 
vial by Pasteur disposable pipetslg. 


RESULTS AND DISCUSSION 


Tissue Distribution Study-Two of the three rats dosed orally 
showed tremors and some convulsions 2 hr. after 14C-chloropheno- 
thane administration. These symptoms continued for 6 hr. Similar 
observations were reported by Judah (1). The amount of 14C activ- 
ity detected in the carbon dioxide trapping solutions was very small. 
The mean cumulative expired 14C02 at  the end of the 24 hr. follow- 
ing oral or intraperitoneal administration of 14C-chlorophenothane 
was 0.010 or 0.007% of the administered dose, respectively. This 
was in agreement with Hayes' (41) conclusion that the degradation 
of chlorophenothane to  carbon dioxide by roaches represented the 
most radical in uiuo change of a residual organochlorine pesticide. 
On the other hand, Robbins and Dahma (42) found that less than 
1 % (0.5-0.697,) of the topically applied or injected 14C-chloropheno- 
thane was expired by roaches at 14COz. 


The data concerning the tissue distribution of 14C-chloropheno- 
thane and its radioactive metabolites in rats 5 days after administra- 
tion are presented in Table 11. The data revealed that the tissue 
means of the rats dosed intraperitoneally were greater than the 
means of animals dosed orally. However, statistically significant 
differences (43) between the means of the two routes of administra- 
tion a t  the 5 %  level were found only for lungs, spleen, liver, kidneys, 


1s Wayne Lab-Blox, Allied Mills, Chicago, Ill 
19  Fisher Scientific Co., Pittsburgh, Pa. 
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Table 11-Tissue Distribution of l4C-Chlorophenothane and/or 
Its Radioactive Metabolites 5 Days after Administration to Rats 


Percent of Administered 
-Radioactivity per Gram of Tissuea- 


Oral Intraperitoneal 
Tissue Administration Administration 


Adrenal 
Lungb 
Heart 


Stomach 
Brain 
Intestine 
Epididymal fat 
Perirenal fat 
Blood 


0.37 f 0.03 
0.05 f 0.00 
0.04 f 0.01 
0.01 f 0.00 
0.11 f 0.01 
0.03 f 0.00 
0.01 f 0.00 


0.45 f 0.16 


0.91 f 0.48 
0.07 f 0.00 
0.05 f 0.01 
0.10 zt 0.02 
0.25 =!= 0.03 
0.06 f 0.00 
0.03 =!= 0.00 


leg) 0.06 f 0.01 0.08 f 0.01 
1.93 f 0 .88  


0.02 f 0.00 
0.06 =k 0.00 
2.28 f 0.33 
2.39 f 0.29 


0.03 zt 0.00 
0 . 1 7  zt 0.05 
2.26 f 0.25 
3.86 rt 0.77 


0.01 f 0.00 0.02 f 0.01 


Q Mean f SE for three rats. b Significant difference between the means 
of the two routes of administration at the 5 Z confidence level. 


and testes. The highest activity was found in the fatty tissue irre- 
spective of the route of dosing. These findings are in complete agree- 
ment with previously reported work on the storage of chloropheno- 
thane in the fat of the rat ( 1 1 ,  32, 44-49). McCully et al. (49) re- 
ported a greater concentration of total chlorophenothane residues 
in rat's fat and liver following intraperitoneal injection than by oral 
or intramuscular administration. The authors indicated that their 
results were preliminary observations and were not presented on a 
statistical basis. No data about the accuniulation of chloropheno- 
thane in the rat's adrenal gland were given by Judah (1). However, he 
reported that the rabbit adrenal showed a high concentration of 
chlorophenothane residue. The high level of 14C activity in the rat's 
adrenal of this study was in complete support of the data of Ludewig 
and Chanutin (4). The average carcass activity retained by the three 
rats dosed intraperitoneally was 52.32% of the administered dose as 
compared to  41.60% for orally dosed animals. The standard errors 
of the means were 3.48 and 3.25, respectively. 


Excretion Study-The urinary and fecal activity excreted by 
both groups of rats is presented in Table 111. Elevated urinary ex- 
cretion of orally dosed rats was noticed in the collected samples at  
42 and 72 hr. after dosing with 14C-chlorophenothane. This finding 
agreed with Smith and Stohlman (7), who reported the peak urinary 
excretion following a single oral dose of chlorophenothane to  rab- 
bits in 2-3 days. The total urinary elimination reported by the same 
authors ranged from 1.8 to 5.1% of the administered dose. The 
data from this study showed 2.63 and 1.86 % of the administered dose 
eliminated by orally and intraperitoneally dosed animals, respec- 
tively. The difference between the two percentages was statistically 
nonsignificant (43). 


The excretion of 14C-chlorophenothane and/or its radiolabeled 
metabolites in feces clearly indicated a rapid elimination of about 


Table 111-Urinary and Fecal Excretion" of I4C by Rats Dosed 
with 14C-Chlorophenothane 


Timeb Urine Feces Urine Feces 
--Oral Administration- Intraperitoneal Administration 


~ 


0.03 * 0.OOd --C -c 6 0 .03  zk 0.00 
12 0.06 k 0 . 0 2  26.27 f 13.08d 0.03 f 0.01 0.07 f 0.06  
18 0 . 1 5 * 0 . 0 4  1 1 . 8 9 * 4 . 1 8  0 . 0 7 * 0 . 0 2  0 . 4 0 + 0 . 1 1  
24 0 .13  zk 0.03  2.48 f 0 . 7 4  0 .16  =t 0.04  0 .44  f 0.04  
30 0 . 1 3 z t 0 . 0 7  0 . 9 9 f 0 . 1 5 d  0 . 0 6 * 0 . 0 2  0 . 2 0 + 0 . 1 0  
36 O.13=tO0.05 1 .12zkO.57 0.04zkO.01 0 . 4 8 * 0 . 0 5  
42 0 . 4 2  zk 0.08 2.06 f 0 . 5 8  0.11 =t 0.01 0 . 9 2  0 .09  
48 0.17 k 0.03 1 . 8 8  f 0 . 3 4  0.08 f 0.00 0.57 f 0.02  
60 0.21 zk 0 . 0 4  1.93 * 0.50 0.16  =t 0.03 1.03 * 0.15 
72 0 . 5 0 k 0 . 2 7  3 . 0 4 f 0 . 5 3  0 . 1 7 * 0 . 0 3  1 . 9 0 * 0 . 3 4  
84 O.13=tO0.02 1 . 8 5 * 0 . 2 4  0 . 4 5 z k 0 . 3 1  1 . 2 6 * 0 . 1 7  
96 0 . 2 4 z k 0 . 0 2  2 . 7 6 z t 0 . 7 4  0 . 1 4 = t 0 . 0 9  2 . 0 2 * 0 . 3 7  


108 O . l O z k O . 0 3  1 . 3 3 f 0 . 2 0  0 . 1 0 * 0 . 0 4  1 . 0 5 f O . 1 8  
120 0 . 2 2 z k 0 . 0 6  1 . 8 5 f O . 1 2  0 . 2 6 3 = 0 . 1 2  2 . 0 9 * 0 . 4 2  


9 Mean f SE for three rats. Values are percent of administered ac- 
tivity. b Hours after administration of I'C-chlorophenothane. c Neg- 
ligible activity (<0.0003). d One rat did not defecate or urinate. 







Table IV-Total Tissue Radioactivity 5 Days after Administration 
of “(:-Chlorophenothane to  Ratsa 


Oral lntraperitoneal 
Tissue Administration Administration 


Adrenal 
Lung 
Heart 
Spleen* 
Like+ 
KidneP 
Testes* 
Muscle (left rear leg) 
St omach 
Brain 
Intestine 
Epididymal fat 
Perirenal fat 
Blood 
Total* 


0.01 f 0.00 0.02 f 0.01 
0.05 & 0.01 0 .07  f 0.00 
0 .03  =t 0.01 0 .04  + 0.01 
0.01 f 0.00 0 .10  f 0.03  
1.27 * 0.10 2.55 f 0.34 
0.05 f 0.01  0 .12  f 0 .02  
0 .03  f 0.00 0.09 f 0.01 
0.10 f 0 .02  0.24 f 0.09 
0.85 i 0.35 3.13 * 1.64 
0 .03  * 0.00 0.05 _t 0.01 
0.56 & 0.13  1 .13  Jt 0 .55  
3.95 f 0.39 5 . 1 8  f 0 . 5 5  
1 96 f 0.28 2.25 f 0.3, 
0 05 =t 0.00 0 .15  =k 0.09 
8.95 * I .  13 15.11 f 1.82 


a Mean percent of administered dose i S E  for three rats. * Signif- 
icant difference between the means of the two routes of administration 
at  the 5 :< confidence level. 


40% of the administered dose in orally dosed rats by the end of the 
first 24 hr. This amount was assumed to be excreted without absorp- 
tion. The validity of this assumption was favored by the very low 
24-hr. fecal excretion level (0.9%) of the intraperitoneally dosed 
rats. Slow absorption of chlorophcnothane administered tothe rat by 
stomach tube was reported by Judah ( I ) .  The author recovered 
72.89% of the dose from the gut in 3 hr. Irregular and incomplete 
chlorophenothane absorption from the gut was reported by Smith 
and Stohlman (7), who recovered 50% of a single dose in feces. 
I n  this study, 59.44:/, of the administered dose was recovered from 
orally dosed animals a t  the end of 5 days after dosing. The activity 
recovered in the feces from intraperitoneally dosed rats for the same 
period was 12.44%. This rccovery was higher than the value of 
2.5 


Since 40.6;{ of the orally administered dose was excreted in the 
feces in 24 hr., the amount available for absorption was in the pro- 
portion of 60: 100 for orally and intraperitoneally dosed rats. The 
total tissue radioactivities reported in Table IV  show 8.95 and 
15.11 ;{ of dosed activity for oral and intraperitoneal routes, re- 
spectively. The relation between these two concentrations was 
59.2:100, which accounted for the 4 0 . 6 z  excretion of activity dis- 
cussed above, Despite the high tissue activity levels of the intra- 
peritoneally dosed rats (Table II), presumably due to more com- 
plete absorption. the blood levels in the two groups were the same. 
This accounted for the similar urinary elimination (Table 111) for 
for the two routes at  the end of 5 days after dosing. The data of 
Table 11 show similar concentrations of the pesticide in the fatty 
tissue for both routes. This could be explained by the high affinity of 
chlorophenothane to be stored in fat. It would appear, therefore, 
that the fat levels of the orally dosed animals reached the same value 
of the intraperitoneally dosed rats at the expense of the other tissues. 


The percent recovered activities (material balance) were 103.57 * 6.73 and 81.74 + 3.69 for the orally and intraperitoneally dosed 
animals. respectively. These data represent the mean f standard 
error for the three rats per route of administration. The low re- 
covery of activity in the intraperitoneally dosed rats may be due to 
the difficulty in obtaining true representative samples for counting 
because of the large volume of the homogenized carcass (500 ml.) 
with respect to the small counted aliquots (0.25 ml.). Such effect is 
not as drastic in the orally dosed carcass since more activity is 
excreted. 
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Dissolution of Alkyl Vinyl Ether-Maleic Anhydride 
Copolymers and Ester Derivatives 


CHARLES W. WOODRUFF*, GARNET E. PECK', and GILBERT S. BANKER 


Abstract 0 The dissolution properties of several alkyl vinyl ether- 
maleic anhydride copolymers and their ethyl, rr-propyl, and 17- 


butyl half- and quarterester derivatives were studied. An immersion 
refractometric method was employed to determine the polymer dis- 
solution properties. Rates of polymer dissolution and lag times 
prior to the initiation of measurable dissolution rates were shown 
to be dependent upon several variables. The polymer variables 
studied included polymer molecular weight, degree of esterification, 
ester chain length, and ether substituent. Other factors studied 
were pH of the dissolution medium, type of sample (cast films or 
compressed disks), and inclusion of a plasticizing agent. Each 
factor was shown to influence the resulting polymer dissolution 
properties. 


Keyphrases 0 Dissolution rates, alkyl vinyl ethers--maleic an- 
hydride copolymers and partial esters-determination, related to 
use as timed-release coatings u AIkyl vinyl ether-maleic anhydride 
copolymers and partial cstcrs-dissolution rates, related to use as 
timed-release coatings Maleic anhydride-alkyl vinyl ether co- 
polymers and partial esters- dissolution rates, related to use as 
timed-release coatings Refractometry, immersion-- determina- 
tion of dissolution rates, alkyl vinyl ether-maleic anhydride co- 
polymers 


The existence of many commercial drug products 
containing similar amounts of identical active ingredi- 
ents, but produced by different manufacturers and often 
having uidely varying prices, has raised the question of 
generic equivalence of such products. Timed-release 
formulationscomrnand an expanding portion of the solid 
dosage form medications, but recent clinical evaluations 
have demonstrated vast differences i n  drug availability 
from competing products of the timed-release categories 
( I  -5 ) .  


Recent experiments with copolymers containing 
maleic anhydride or maleic acid have indicated that poly- 
mers containing this chemical moiety may possess 
timed-release properties when used as coating materials. 
Nessel et ul. (6, 7) demonstrated that the n-butyl half- 
ester of poly(methy1 vinyl ether-maleic anhydride) co- 
polymer was capable of producing a timed-release dosage 
form when coated on granules that were subsequently 


compressed into tablets. Wagner el al. (8) produced en- 
tcric disintegration properties from tablets coated with 
styrene-malcic acid copolymers. Lappas and McKeehan 
(9) found that partial esters of poly(methy1 vinyl ether- 
maleic anhydride) might be suitable to control the re- 
lease of drugs upon reaching a specific intestinal pH. 
Further studies (10) showed that some control of in 
oioo initial drug release could be obtained from such 
partial esters when applied as coatings to solid dosage 
forms. 


Heyd et al. (1  1) recently reported fundamental studies 
concerning the surface phenomena associated with the 
dissolution of a model polymer series, ethylene-maleic 
acid, and reported in detail the use of immersion re- 
fractometry as a method of determining polymer dis- 
solution parameters (12). 


The investigations herein describcd were undertaken 
to elucidate the dissolution properties of the poly(a1kyl 
vinyl ether- maleic anhydride) class of copolymers and 
their partial ester derivatives, with the ultimate objec- 
tive of establishing the relationship between such prop- 
erties and the usefulness of the various polymers as 
timed-release coating materials. The dissolution proper- 
ties reported here were subsequently related to  the in 
ciiro and ill oioo drug release characteristics from tablets 
coated with these polymers. 


EXPERIMENTAL 


Materials Studied- The polymers investigated were poly(alky1 
vinyl ether-maleic anhydride) copolymers and selected partial ester 
derivatives synthesized in this laboratory. The general chemical 
structure of the anhydride copolymers is reproduced here, where RI 
was either a methyl or an isobutyl substituent. The copolymers were 
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Dissolution of Alkyl Vinyl Ether-Maleic Anhydride 
Copolymers and Ester Derivatives 


CHARLES W. WOODRUFF*, GARNET E. PECK', and GILBERT S. BANKER 


Abstract 0 The dissolution properties of several alkyl vinyl ether- 
maleic anhydride copolymers and their ethyl, rr-propyl, and 17- 


butyl half- and quarterester derivatives were studied. An immersion 
refractometric method was employed to determine the polymer dis- 
solution properties. Rates of polymer dissolution and lag times 
prior to the initiation of measurable dissolution rates were shown 
to be dependent upon several variables. The polymer variables 
studied included polymer molecular weight, degree of esterification, 
ester chain length, and ether substituent. Other factors studied 
were pH of the dissolution medium, type of sample (cast films or 
compressed disks), and inclusion of a plasticizing agent. Each 
factor was shown to influence the resulting polymer dissolution 
properties. 


Keyphrases 0 Dissolution rates, alkyl vinyl ethers--maleic an- 
hydride copolymers and partial esters-determination, related to 
use as timed-release coatings u AIkyl vinyl ether-maleic anhydride 
copolymers and partial cstcrs-dissolution rates, related to use as 
timed-release coatings Maleic anhydride-alkyl vinyl ether co- 
polymers and partial esters- dissolution rates, related to use as 
timed-release coatings Refractometry, immersion-- determina- 
tion of dissolution rates, alkyl vinyl ether-maleic anhydride co- 
polymers 


The existence of many commercial drug products 
containing similar amounts of identical active ingredi- 
ents, but produced by different manufacturers and often 
having uidely varying prices, has raised the question of 
generic equivalence of such products. Timed-release 
formulationscomrnand an expanding portion of the solid 
dosage form medications, but recent clinical evaluations 
have demonstrated vast differences i n  drug availability 
from competing products of the timed-release categories 
( I  -5 ) .  


Recent experiments with copolymers containing 
maleic anhydride or maleic acid have indicated that poly- 
mers containing this chemical moiety may possess 
timed-release properties when used as coating materials. 
Nessel et ul. (6, 7) demonstrated that the n-butyl half- 
ester of poly(methy1 vinyl ether-maleic anhydride) co- 
polymer was capable of producing a timed-release dosage 
form when coated on granules that were subsequently 


compressed into tablets. Wagner el al. (8) produced en- 
tcric disintegration properties from tablets coated with 
styrene-malcic acid copolymers. Lappas and McKeehan 
(9) found that partial esters of poly(methy1 vinyl ether- 
maleic anhydride) might be suitable to control the re- 
lease of drugs upon reaching a specific intestinal pH. 
Further studies (10) showed that some control of in 
oioo initial drug release could be obtained from such 
partial esters when applied as coatings to solid dosage 
forms. 


Heyd et al. (1  1) recently reported fundamental studies 
concerning the surface phenomena associated with the 
dissolution of a model polymer series, ethylene-maleic 
acid, and reported in detail the use of immersion re- 
fractometry as a method of determining polymer dis- 
solution parameters (12). 


The investigations herein describcd were undertaken 
to elucidate the dissolution properties of the poly(a1kyl 
vinyl ether- maleic anhydride) class of copolymers and 
their partial ester derivatives, with the ultimate objec- 
tive of establishing the relationship between such prop- 
erties and the usefulness of the various polymers as 
timed-release coating materials. The dissolution proper- 
ties reported here were subsequently related to  the in 
ciiro and ill oioo drug release characteristics from tablets 
coated with these polymers. 


EXPERIMENTAL 


Materials Studied- The polymers investigated were poly(alky1 
vinyl ether-maleic anhydride) copolymers and selected partial ester 
derivatives synthesized in this laboratory. The general chemical 
structure of the anhydride copolymers is reproduced here, where RI 
was either a methyl or an isobutyl substituent. The copolymers were 
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Table I-Anhydride Polymeric Materials Studied sodium hydroxide per mole. Due to  these relationships, the follow- 
ing equations can be used to calculate the percentage of copolymer 
originally present as free diacid and as anhydride: Relative 


Polymer Molecular Vis- 
Polymer Number Weight" cosityb % free diacid = [eq./g. from A = eq./g. from B] X 


diacid molecular weight X 100 (Eq. 1) Poly(methy1 vinyl I1 250.000 1 .41  
ether-maleic 
anhydride)-1 19 


ether-maleic 
anhydride)-1 39 


ether-maleic 
anhydride)-149 


ether-maleic 


Poly(methy1 vinyl 111 500,000 2.24 


Poly(methy1 vinyl IV 750,000 2.65 


Poly(methy1 vinyl V 1,125,000 3.12 


anhydride)- 169 
Poly(isobuty1 vinyl VI Not available 1 .35 


ether-maleic (low) 
anhydride) 


~~~~~~ ~ ~~~~~~ 


a Molecular weights were determined by light-scattering methods 
polymer by GAF Corp. * Relative viscosity was determined in a 1 


concentration in methyl ethyl ketone solution by the manufacturer. 


also modified by the formation of aliphatic half- and quarter-esters 
ranging from two to four carbon atoms in length. 


The anhydride form of the methyl vinyl ether derivative is com- 
mercially available' in weight grades ranging from an average 
molecular weight of about 250,000 to 1,125,000, as determined by 
the light-scattering method. Molecular weights and relative viscosity 
data for the four weight grades included in this work are shown in 
Table I .  Cellulose acetate phthalate2 (I) was employed as a standard 
with which to compare the vinyl ether copolymers. 


A plasticizing agent, triacetin3, was included in selected film for- 
mulations used in the polymer dissolution studies. 


Synthesis of Partial Esters-Partial ester derivatives, as half- or 
quarter-esters, were prepared from 11 and V1. The half-esters were 
prepared by reacting the anhydride copolymers with an excess of 
the selected reagent grade alcohol at  the alcohol reflux temperature. 
The quarter-esters were prepared by refluxing the proper stoichio- 
metric quantities of polymer and alcohol in a nonreactive auxiliary 
solvent, 2-butanone. The reflux solutions contained 10-20 (w/v) 
polymer anhydride, and reaction times ranged from 7 to 48 hr. All 
reactions were conducted with constant stirring in a 500-ml., three- 
necked, round-bottom reaction flask fitted with a mixer, thermom- 
eter, and reflux column. Products were partially dried on Teflon 
trays at  60-90" and then dried to constant weight under vacuum a t  
the same temperatures. 


Analysis of Polymers-Anhydride polymers were demonstrated 
to have at  least 98 % anhydride functionality (remaining monomer 
units in the polymer would be in the diacid form) by a two-part 
titration procedure (provided by the polymer manufacturer). This 
procedure was as follows. 


Procedure Step A-Approximately 0.35 g. of polymer was accu- 
rately weighed into a 250-ml. beaker, and the sample was dissolved 
in 25 ml. of acetone and 5 ml. of aniline. After 1 hr. a t  room tem- 
perature, the sides of the beaker were rinsed with 50 ml. of acetone 
and 75 ml. of distilled water. The solution was titrated with 0.1 N 
NaOH, using a glass-calomel electrode system. The end-point oc- 
curred at  an apparent pH of 9-12. 


Procedure Srep &-Approximately 0.32 g. of polymer was accu- 
rately weighed into a 250-ml. beaker, and the sample was dissolved 
in 10 ml. of acetone and 75 ml. of distilled water with the aid of 
gentle heat. The solution was cooled to room temperature, 75 ml. 
of methanol was added, and the solution was titrated as in Procedure 
A .  The potential break was between an apparent pH of 7 and 8. 


With Procedure A ,  in the presence of aniline, each mole of free di- 
acid originally present in the sample consumes two equivalents of 
sodium hydroxide and each mole of anhydride originally present 
consumes one equivalent of sodium hydroxide. In Procedure B, 
both the free acid and the anhydride consume one equivalent of 


2 anhydride = [2(eq./g. from B) - eq./g. from A] X 


anhydride molecular weight x 100 (Eq. 2) 


The ester content of the synthesized half-esters was established by 
dissolving the polymer in ethyl alcohol and titrating the resulting 
solution to a phenolphthalein end-point. A 0.1 N aqueous sodium 
hydroxide solution was used as the titrant. The experimental results 
were compared to the amount of sodium hydroxide that should have 
reacted with a known amount of copolymer (half-ester of known 
average molecular weight). Agreement of theoretical and observed 
results confirmed half-esterification of the product. 


With quarter-ester products, proof of quarter-esterification was 
established by using Procedure Step A and again comparing theoreti- 
cal and experimental results. 


Sample Preparation Techniques-This study required the prepara- 
tion of polymer samples in the form of cast. films and compressed 
polymer disks. Cast films were prepared by pouring organic solvent 
solutions of the polymer or polymer-plasticizer combination on an 
enclosed area of a smooth, level sheet of duminum foil. Solvent 
evaporation rates during film formation were controlled by partially 
covering the organosols to allow drying to  proceed a t  ambient room 
conditions over 10-12 hr. The dry films were left on the foil sub- 
strate and mounted in sample holders for dissolution studies. The 
sample mount consisted of a 5 X 5-cm. stainless steel backing plate 
on which the polymer-foil sample was placed; a second 5 X 5-cm. 
plate, containing a 3.33-cm. circular opening, was then placed over 
the polymer film. The four edges were sealed with electrical tape to 
hold the plates together with the film sandwiched between them. 
The mounted samples with a 3.33-cm. diameter exposed film surface 
were stored in a vacuum desiccator over anhydrous calcium sulfate 
until subjected to dissolution studies. 


Compressed disks of the anhydride copolymers were prepared 
using a laboratory press4. The 1.59-cni. dinmeter flat disks were 
prepared under a compressional load of 45.50 kg. held for 15 sec. 
Compressed polymer disks used in dissolution studies were mounted 
in paraffin so that only one flat surface was exposed. The compressed 
polymer disk in its holder was then mounted in the dissolution cell in 
the same geometric manner as the film samples (Fig. 1). 


Dissolution Rate Determinations-The dissolution rates of poly- 
mer or polymer-plasticizer films and polymer compressed disks 
were determined in general at  pH 2.3,5.0, and 7.5. 


An immersion refractometers, utilizing prism A, was used to 
determine the dissolution rates of the polymer samples; the entire 
apparatus, as set up for experiments, is schematically represented in 
Fig. 1. The essential components of the system were maintained a t  
37' by circulation of constant-temperature water from an external 
source through the 400-ml. jacketed beaker. The refractometer, 
magnetic stirrer, and jacketed beaker were fastened to a ring stand 
to maintain the reproducible geometry of the system. Mounted film 
samples were suspended into the dissolution medium by masking 
tape so that the bottom edge of the mount just touched the bottom 
of the beaker. Polymer disks in paraffin mounts were supported a t  
the end of a metal holder and were placed in a position as nearly 
equivalent t o  that of the film samples as possible. The dissolution 
medium, 200 ml. of Mcllvaine's citric acid-phosphate buffer (13), 
was stirred at 310 i 1 r.p.m. by a 2.5-cm. !stir bar. When experi- 
mental readings were taken, the stirrer was :;hut off and moved to 
the side, allowing the 60-w. light t o  be placed under the beaker. 
After each reading, the apparatus was returned to the original geom- 
etry. This experimental procedure was an improvement over that 
reported by Heyd et a/. (12), because accuracy and precision were 
maintained while temperature equilibration and sample changeover 
times were greatly shortened. 


The dissolution rates were determined by recording the change in 
refractometer reading with time and determining the change in 


~ ~~~ 


Gantrez AN series, GAF Corp., New York, N. Y. 
CAP, DPI Division, Eastman Organic Chemical Products, Kings- Carver laboratory press model B, Fred S .  Carver, Inc., Summit, 


port, Tenn. N. J. 
3 Eastman Organic Chemicals, Rochester, N. Y .  8 Model DB 502, Bausch & Lomb Optical Co. 
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Figure 1-Apparatus used to study polymer dissolutiotr properties 
from film or compressed disk polymer samples. Key: A ,  immersion 
refractometer using prism A ;  B, 400-ml. water-jacketed beaker; C, 
magrietic stirrer and 2.54-cm, (I-iti.) stir bar; D ,  sample holder .for film 
or disk (support not shown): E, 200 ml. of dissolution medium; F, 
constant-temperature water supply (37");  G ,  60-w. lightbulb: and 
H ,  cover. 


polymer concentration from refractometer scale reading-polymer 
concentration calibration plots. Calibration data, obtained for each 
polymer a t  each pH, demonstrated a linear relationship between 
polymer concentrations and refractometer readings. Repetitive 
studies showed the dissolution rates obtained to have standard 
deviations of 0.07-0.08 dissolution rate unit. 


When triacetin was incorporated into the film systems, it contrib- 
uted to the refractometer reading. By simultaneous use of a po- 
tentiometric analysis for polymer concentration, to which the tri- 
acetin caused no pH change, and a refractometric analysis for the 
total polymer-plasticizer concentration, to which both polymer and 
plasticizer contributed to the reading, the films were shown to dis- 
solve uniformly since the experimental results demonstrated that the 
polymer-plasticizer ratio in solution was the same as in the film 


g 0.8 1 


b L L  


3 4 5 6 7 
PH 


Figure 2- Dissolution rates of poly(methy1 vinyl ether-maleic ail- 
hydride) copolymers iiz the maximum anhydride state as affected by 
pH.  Key: ., I I ;  A, 111; 0 ,  I V ;  ai7d 0, V.  


Table IF-Mean" Dissolution Data of Unesterified Copolymers in 
the Maximum Anhydride State as Influenced by pH 


~ ~ ~~ ~~~~~~ 


Lag Time, Rate, mg. 
Polymer PH rmn. ml.-1 hr.-l 


11 
111 
IV 
V 
11 


IV 
11 
I11 
IV 
V 


5.0 65 0.93 
97 0.92 


7 . 5  63 1.29 
69 1.18 
65 1.06 
68 0.82 


a Average of three determinations. 


sample. The contribution of the polymer and plasticizer t o  the 
refractometer readings could, therefore, be established separately. 
This allowed all results to be reported as polymer dissolution rates. 


Polymer Dissolution pH-Polymers that were insoluble in pH 2.3 
buffer during dissolution rate studies were subjected to further ex- 
periments to determine the pH a t  which they would be soluble 
within 24 hr. a t  an  arbitrarily set level of 2 mg./ml., a parameter 
used previously (10). Polymer samples were placed in a large test 
tube along with the proper quantity of the d,esired buffer, and the 
tubes were agitated periodically over the 24-hr. experimental period. 
Determinations were performed to an accuracy of 0.1 pH unit, and 
the minimal pH of complete dissolution was regarded as the dis- 
solution pH. 


RESULTS AND DISCUSSION 


Dissolution rates and lag times prior to initiation of the dissolu- 
tion process were determined for each polymer studied. Using ap- 
propriate calibration constants, the dissolution rates were deter- 
mined in units of mg. ml.-l hr.-I. The lag time was determined by 
extrapolating the straight segment of the dissolution curve to zero 
change in the refractometer reading. 


Dissolution as a Function of pH and Polymer Molecular Weight- 
Unesterified polymer films in the maximum anhydride form had 
dissolution rates and lag times dependent upon both the polymer 
molecular weight and the pH of the dissolution medium (Table I1 
and Fig. 2). With each polymer, an increase in dissolution rate was 
observed with a corresponding increase in dissolution medium pH 
from one buffer medium to another. This would indicate that the 
polymers exhibited more rapid hydrolytic conversion from the 
water-insoluble anhydride to the water-soluble diacid as the me- 


250 500 750 1000 
MOLECULAR WEIGHT IN  THOUSANDS 


Figure 3- Dissolution rates of poly(methyl cinyl ether-maleic an- 
hydride) copolymers. Key: #, pH 7.5: and 0,  pH 2.3. 
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Table II-Meana Dissolution Data from Compressed 
Polymer Disks at pH 7.5 


Table V-Mean Dissolution Data of VI and Its Partial Ester 
Derivatives from Film Samples 


~~~~~ ~ ~ 


Rate from 
3.33-cm. 


Rate from Diameter 
1.59-cm. Theoretical 


Lag .Time, Diameter Disk, Disk, mg. 
Polymer min. mg. mL-l hr,-1 ml.-* hr.-1 


I1 30 0.56 2.48 
111 38 0.65 2.88 
IV 33 0.60 2.62 
V 30 0.68 2.98 


5 Average of three determinations. 


dium pH was increased. Lag time results (Table 11) were consistent 
with this assumption and decreased accordingly as the medium pH 
was raised. The change of medium pH during dissolution rate 
studies was very slight but could be measured with a sensitive pH 
meter. 


The molecular weight of the polymer also had an important in- 
fluence on the dissolution properties of the polymers. Figure 3 shows 
that dissolution rates from cast film samples tended to  decrease as 
the polymer molecular weight increased. The dissolution rate- 
molecular weight relationship was substantially linear at  pH 7.5 but 
was basically constant at  pH 2.3, where conversion of the polymer 
from the anhydride to the diacid form would be slower. 


Dissolution from Compressed Samples-Molecular weight de- 
pendence was not demonstrated at  pH 7.5 with the compressed 
disk samples. Table 111 shows both the observed rate of polymer 
dissolution from 1.59-cm. flat disks and the calculated rate from 
theoretical disks having a surface area equivalent to that of the film 
samples. The theoretical dissolution rates of disks and the observed 
rates from films having equivalent area differed extensively, with 
the disk values being 2-3 times greater than the film values. The disk 
samples also had lag times of about half those of corresponding 
polymer films. 


Basic differences in polymer chain interactions could be expected 
to occur between cast film and compressed disk samples. Preparation 
of compressed samples involves particle-particle compaction and 
does not provide opportunity for the intertwining of polymer molec- 
ular segments to form a network structure. However, during the 
formation of a cast polymer film, a gel structure is formed and the 
dry film is an intertwined xerogel. This structure possesses inter- 
actions of polymer chain segments from various molecules and is 
more resistant to diffusion of molecules into solution than is a com- 
pressed disk. 


These results demonstrated that the dissolution properties of cast 
films and corresponding composition compressed polymer disks 


Table 1V-Mean Dissolution Data of 11 and Its Partial Ester 
Derivatives from Film Samples 


Polymer 


Rate, 
mg. 


Lag Time, m1.-1 
PH min. hr.-l 


Unesterified I1 
n-Butyl half-ester of I1 
n-Propyl half-ester of I1 
Ethyl half-ester of 11 
n-Butyl quarter-ester of I1 
n-Propyl quarter-ester of I1 
Ethyl quarter-ester of I1 


n-Butyl half-ester of I1 
Ethyl half-ester of I1 
n-Propyl quarter-ester of I1 


n-Butyl half-ester of I1 
n-Propyl half-ester of I1 
Ethyl half-ester of I1 
n-Butyl quarter-ester of I1 
ri-Propyl quarter-ester of I1 
Ethyl quarter-ester of 11 


Unesterified I1 


Unesterified 11 


2.3 107 
Insoluble 
Insoluble 
Insoluble 
Insoluble 


110 
58 


5.0 65 
77 
0 
0 


7.5 63 
0 
0 
0 
0 
0 
0 


0.58 


1.32 
1.27 
0.93 
0.49 
1.88 
1.96 
1.29 
2.05 
2.17 
2.04 
1.30 
2.33 
1.96 


Polymer 


Rate, 
mg. 


Lag Time, ml.-1 
PH min. hr.-l 


Unesterified VI 
n-Butyl half-ester of VI 
n-Propyl half-ester of IV 
Ethyl half-ester of VI 
n-Butyl quarter-ester of VL 
ri-Propyl quarter-ester of VI 
Ethyl quarter-ester of VI 


2.3 Insoluble 
Insoluble 
1 nsoluble 
In soluble 
Insoluble 
Insoluble 
Insoluble 


Unesterified VI 7 .5  30 1.87 
n-Butyl half-ester of VI 83 0.63 
ti-Prowl half-ester of VI 43 0.89 
Ethyl’half-ester of VI 0 2.18 
n-Butyl quarter-ester of VI 10 2.03 
n-Propyl quarter-ester of VI 17 2.13 
Ethyl quarter-ester of VI 15 3.22 


can be substantially different. If polymers are to be employed phar- 
maceutically as films, physical testing including dissolution analysis 
would be more relevant if conducted on structured (film) samples. 


Dissolution as a Function of Esterification-The effects of the 
degree of esterification and of ester chain length on film dissolution 
properties were evaluated from cast films of polymer derivatives 
containing two, three, or four carbon atom straight-chain esters. 
The derivatives were half- or quarter-esters of I1 or VI. The dissolu- 
tion data obtained are presented in Tables IV and V, and the dis- 
solution rates obtained at  pH 7.5 are plotted uersus ester chain 
length in Figs. 4 and 5. These results demonstrate that the dissolu- 
tion properties of the polymers were greatly altered by partial esteri- 
fication. All of the half-esters of I1 had lag times of greater than 3 
hr. in pH 2.3 media and were considered insoluble at  that pH. 
These polymers were rapidly soluble at  pH 7.5, having no lag time 
and rates of dissolution nearly twice that of the parent anhydride. 
No significant differences were noted in rates between the three half- 
esters at  pH 7.5. At pH 5.0, the ethyl half-ester had no lag time and a 
rapid dissolution rate while the higher molecular weight n-butyl 
half-ester had greater than 1 hr. lag time and a relatively slower rate. 
This latter finding demonstrates a possible fallacy in evaluating 
enteric behavior at only two pH values, such as pH 1.2 and 7.5, 
the respective pH values of simulated gastric and intestinal fluids. 
Long lag periods or polymer insolubility at  low pH’s and very short 
lag times followed by rapid dissolution rates at  higher, even though 
possibly still acidic, pH’s would be desirable characteristics for 
potential enteric polymer coatings since rapid release of the medica- 
ment on leaving the stomach is usually desirable to  take advantage 
of the better drug absorption character of the upper portions of the 
intestines. 


The quarter-esters of I1 clearly demonstrate the effect of different 
alkyl ester chain lengths on polymer dissolution. At pH 2.3, the n- 


2 3 4 
CARBON ATOMS IN ESTER CHAIN 


Figure 4-Dissol~tio11 rates from firnis of partial esters of I1 as a 
function of ester chain length. Key: A, quarter-esters, pH 2.3; 8 ,  
quarter-esters, p H  7.5: and e, half-esters, p H  7.5. 
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Table VI-Comparison of Dissolution Data from Free Films with and without the Addition of Triacetin (4: 1 Polymer-Plasticizer Ratio)” 


pH of Dissolution Media 7 


pH 2.3- 7 pH 5 . h  -----pH 7.5-- 
Lag Time, Rate, mg. Lag Time, Rate, mg. Lag Time, Rate, mg. 


Film min. ml.-1 hr.-l mn. ml.-l hr.-1 min. ml.-1 hr.-l 


I1 107 0.58 65 0.93 63 1.29 
I1 + triacetin 48 0.76 10 1.78 0 1.85 
IV 150 0.48 97 0.92 65 1.06 
IV + triacetin 125 0.77 62 1.00 32 1.05 
n-Butyl half-ester of I1 Insoluble - 77 0.49 0 2.05 
n-Butyl half-ester of I1 Insoluble - 67 0.81 0 1.92 


n-Propyl quarter-ester 110 1.32 0 1.96 0 2.33 


it-Propyl quarter-ester 83 1.22 0 2.27 0 2.39 


I Insoluble - Insoluble - 0 2.36 
I + triacetin Insoluble - Insoluble - 0 2.28 


+ triacetin 


of I1 


of I1 + triacetin 


All results are reported on the basis of polymer dissolution. Corrections were made to account for the contribution of triacetin to the raw data. 


butyl ester was insoluble while the n-propyl and ethyl esters dis- 
solved at  nearly identical rates. However, the longer ester chain, 11- 
propyl ester, had almost twice the lag time of the ethyl derivative 
(110 ~~ers’s~rs 58 mi,.). None of the quarter-esters of I1 exhibited 
any lag time at  pH 7.5, but dissolution rates again showed a de- 
pendence upon ester chain length, with the n-butyl ester dissolving 
less rapidly than the n-propyl or ethyl quarter-esters. 


The VI partial esters (Table V) were all insoluble (lag times greater 
than 3 hr.) a t  pH 2.3. At pH 7.5, the half-esters and the quarter- 
esters showed definite trends toward more rapid polymer dissolution 
with shorter ester chains. Also, in each case, the half-esters had lower 
rates of dissolution than the corresponding quarter-esters. A com- 
parison of the I1 and VI partial esters indicated that the half-esters 
of I1 would probably have the best enteric properties of any vinyl 
ether-maleic anhydride copolymer included in this study. 


Dissolution as a Function of Alkyl Ether Substituent-The effect 
of the alkyl ether substituent on the polymer solubility may be seen 
by comparing the I1 and VI copolymers (Tables IV and V). In acidic 
media, I1 was slowly soluble after an  initial lag period of nearly 2 
hr., but VI was insoluble. This would be expected since the VI 
molecule is more hydrophobic than the I1 polymer. In the alkaline 
buffer, dissolution from VI started in about half the time required 
for I1 and continued at  a more rapid rate. This ancmalous result 
was probably due to the VI sample having a lower degree of polym- 
erization than 11. This hypothesis is substantiated by the relative 
viscosity measurements (Table I), although the difference in side 
chains makes direct comparison of the polymers impossible. Molec- 
ular weight data for VI were not available. 


Dissolution as a Function of Film Plasticizer Content-Five poly- 
mers were selected, and films were cast from each polymer with 


3 1  .\ 
T t  \ 


/- 1 


2 3 4 
CARBON ATOMS I N  ESTER CHAIN 


Figure S-Dissolution rates from firms of  partial esters o f  VI as a 
firnetion of ester chain length. Key: W, quarter-esters, p H  7.5: and 
0 ,  half-esters, pH 7.5. 


triacetin included in a 4: 1 (w/w) polymer-plasticizer ratio. The re- 
sults of dissolution experiments with these films are compared to the 
unplasticized systems in Table VI. The general effect caused by the 
addition of the plasticizing agent was to accelerate the overall dis- 
solution process, that is, to increase the rate of dissolution and de- 
crease the lag time prior to dissolution. This effect appeared to  be 
most pronounced a t  the lower two pH values and with unmodified 
anhydride copolymers. The presence or absence of the plasticizer 
had a less substantial effect on the dissolution properties, lag time, or 
dissolution rate a t  any pH for the n-butyl half-and n-propyl quarter- 
esters of 11. Likewise, I showed no solubility differences due to  
plasticization a t  these experimental pH’s (insoluble films at  pH 2.3 
and 5.0). These results suggest that, with the anhydride films a t  the 
lower p H  values, the addition of triacetin allows more rapid solvent 
penetration into the films, probably due to  a decreased polymer- 
polymer segmental interaction and, therefore, less resistance to  
solute diffusion into the film or polymer diffusion from the film into 
the bulk of the solvent medium. 


Polymer Dissolution pH-Polymers that were insoluble in the pH 
2.3 dissolution rate tests were subjected to further experiments. 
These experiments established the lowest pH, within 0.1 pH unit, 
at  which the polymers were soluble to the extent of 2 mg./ml., an 
arbitrarily set limit. 


Alkyl ether chain length, degree of esterification, and ester sub- 
stituent chain length were all shown to  be factors influencing the 
polymer’s minimum dissolution pH (Table VII). The results estab- 
lished that the higher degree of esterification produced polymers 
requiring higher pH’s to attain the required polymer solution con- 
centration corresponding to the dissolution pH. These two relation- 
ships are clearly evident in Fig. 6, in which the minimum dissolution 
pH of VI and its ester derivatives is shown. A comparison of the 
n-butyl vinyl ethers (Table VII) demonstrated higher minimum 
dissolution pH values required by the former ether a t  corresponding 


0 1 2 3 
CARBON ATOMS IN ESTER CHAIN 


4 


Figure 6-Minimum dissolution p H  of IV and quarter- and half-ester 
dericatiues. Key: W, quarter-esters: @, half-esters; and @, IV. 
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Figure 7-Relatioti of dissolution p H  to p H  7.5 dissolrctioti rate of 
V I  prirtinl esters. Key:  A ,  erliyl quarter-ester: 8,  n-propyl quarter- 
ester, 0. n-hirtyl quarter-ester; A, erliyl lialf-ester; 0,  n-propyl half- 
rster: aridO, n-hiityl lialf-ester. 


esterification levels. The relationship between ester chain length and 
minimum dissolution pH has previously been demonstrated with 
half-esters of ethyl, isopropyl, ti-butyl, and cyclopentyl functions of 
111 (10). 


When using the partial esters of VI as examples, there appeared to 
be an inverse relation between the dissolution rate (pH 7.5) and the 
dissolution pH (Fig. 7). With these polymer films, the dissolution 
rate, in general, increases as the dissolution pH decreases. This in- 
verse relation would be expected since the dissolution pH is a mea- 
sure of the polymer’s tendency to dissolve in aqueous systems, and a 
lower dissolution pH is indicative of a lower pKa value for the 
given polymer. 


SUMMARY 


1 .  The dissolution rates of the poly(methy1 vinyl ether-maleic 
anhydride) copolymers were related to the molecular weights in 
apparently linear manner. Dissolution rates for all systems were 
found to be constant after the initial lag period. The general effect 
of an increase in buffer pH was to  reduce the lag time and/or in- 
crease the rate of polymer dissolution. This effect was probably due 
to  the increased dissociation of carboxyl functional groups a t  higher 
pH’s, which would cause more rapid extension of the polymer 
molecules. 


2. The effects of partial esterification and the use of different 
alkyl ether groups on the polymer dissolution properties were 
studied. Both longer ester chain lengths and a higher degree of 
esterification tended to decrease the dissolution rates. The longer 
alkyl ether chain of VI as compared to I1 caused the former to be a 
more hydrophobic polymer and, consequently, less rapidly soluble 
at  low pH values. This effect was overshadowed a t  higher pH’s 
by the apparent low degree of polymerization of the VI sample. 


3. Addition of a plasticizer, triacetin, to the polymer films caused 
incrcased polymer dissolution rates and/or decreased lag times prior 
to initial dissolution. This effect was observed with anhydrides, a 
quarter-ester, and a half-ester but was most pronounced with un- 
esterified, anhydride copolymers. 


4. The rates of polymer dissolution from compressed polymer 
disks differed substantially from the rates of dissolution from cast 
films of identical composition, with the compressed, nonintertwined 
polymers having more rapid dissolution in all cases. Dissolution 


Lowest Soluble pH Polymer 


I1 
n-Butyl half-ester 
n-Propyl half-ester 
Ethyl half-ester 
n-Butyl quarter-ester 


n-Butyl half-ester 
n-Propyl half-ester 
Ethyl half-ester 
n-Butyl quarter-ester 
n-Propyl quarter-ester 
Ethyl quarter-ester 


v1 
VI 


I 


5 .0  
4 . 9  
4 . 3  
2 . 6  
2 .9  


> 8 . 0  
>8.0 


7 . 6  
7 . 4  
7 . 3  
3 .0  
6 . 0  


determination from cast film samples seems to  be a more relevant 
method of illustrating differences between molecular weight fractions 
because it more closely corresponds to the condition encountered 
with film coatings. 


5. The determination of minimum dissolution pH’s clearly dem- 
onstrated that partial esterification changes the pKa values of the 
copolymers, and this change can be directly related to ester chain 
length, degree of esterification, and polymer dissolution rate for 
each homologous partial ester series. 
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In Vitro Model for Transport of Solutes in 
Three-Phase System I: Theoretical Principles 


RANDALL G. STEHLE* and WILLIAM I. HIGUCHI’ 


~ ~~ 


Abstract 0 A diffusional model describing steady-state transport 
of neutral compounds and ionizing weak acids and bases in the 
three-phase (water-oil-water) system is presented. The present 
study applies this model, consisting of three barriers in series, to a 
theoretical and experimental exploration of the pH-partition 
theory of drug absorption. The model correlates transport rates 
with primary factors (pH and partition coefficient) as well as with 
buffer strength, diffusion coefficients, and the rate of agitation in 
the aqueous phases. For strictly neutral solutes, any one barrier 
may become rate limiting. When solute partition coefficients be- 
come sufficiently large, the transport rates level off to a maximal 
value. For weak acids and bases, the relative rates generally follow 
titration curves. Under certain pH conditions, maximal rates of 
ionizing electrolytes may be double that of the neutral solute. In 
all cases, a maximal rate with respect to an increasing partition 
coefficient is predicted. Experimental data in previous studies were 
analyzed, evaluating relative contributions to the total barrier by 
the lipid and aqueous phases. 


Keyphrases 0 Transport of solutes-three-phase (w/o/w) system, 
theoretical considerations 0 Solute transport-three-phase (w/o/w) 
system, theoretical considerations 0 Three-phase (water-oil-water) 
system-solute transport, theoretical considerations 0 Diffusional 
model-solute transport in three-phase (w/o/w) system, relationship 
to pH-partition theory 0 pH-partition theory-ffect of transport 
rates in three-phase (w/o/w) system 0 Absorption, drug-three- 
phase (w/o/w) model proposed to study pH-partition theory 


The literature has been populated in recent years by 
many papers concerning drug absorption. This is 
justifiably so; such studies lead to the better under- 
standing of what occurs between the time that a drug is 
orally administered and the time that it reaches the site 
of action. The vast majority of this work has tried to 
elucidate the basic mechanisms operant in the in viuo 
transport of solutes. Inherent in these studies is the 
assertion that most drugs are absorbed by passive 
transfer or simple diffusion ; the substance crosses the 
absorption barrier at a rate proportional to its chemical 
or electrochemical gradient across the barrier. The 
physical nature of the membrane determines what types, 
configurations, and sizes of solutes may cross it. 


The basic problem with most approaches, however, 
has been the lack of a model comprehensive enough to 
allow inclusion of, and interrelation among, various 
physicochemical factors present in the three-phase 
system and prediction of the effect of these factors on 
the rate of solute movement through the system. Such 
factors include the dimensions of the system and its 
individual phases, buffer strength, ionic strength, and 
chemical equilibria between species. Thus, after the 
undeniably classic pH-partition thesis of drug absorp- 
tion was formulated in the late 1950’s (1-5), many re- 
searchers were able to demonstrate the effects of pH 
and the oil-water partition coefficient on absorption 
of solutes. Results of different in aiuo and even idealized 
in vitro studies could not be meaningfully compared or 
interpreted, however, especially in cases where anoma- 


lous behavior occurred; this was primarily due to the 
lack of accurate definition of the experimental systems. 


At the very least, an idealized model of the barrier to 
absorption should include an effective, predominantly 
aqueous barrier in series with the lipoidal membrane 
barrier. Hydrodynamics predict the existence of such 
a barrier near a surface. Moreover, the presence of 
largely hydrophilic mucoproteins at  the intestinal muco- 
sal interface (adsorbed and/or integral with the lipid 
barrier) should enhance the magnitude of this aqueous 
barrier. A more rigorous model of the membrane 
would treat it as a heterogeneous phase rather than a 
lipoidal “slab.” 


The purpose of the present work is to present a 
comprehensive, somewhat idealized, and well-defined 
in uitro model describing movement of solutes in the 
three-phase system. The model, with its framework of 
interrelated physicochemical variables, incorporates 
significant mechanistic concepts which may hopefully 
serve as a baseline for interpreting the far more complex 
biological situation. 


LITERATURE 


Various mathematical approaches have been utilized in the 
modelistic representation of drug transport. There are the non- 
steady-state, first-order kinetic studies (6, 7), which follow con- 
centrations of solute in each of three (apparently well-stirred) 
phases with time. The relationship between real physicochemical 
variables and the derived first-order transfer constants is not al- 
ways apparent (8). 


The two-phase (aqueous-lipid) model of Howard et ul. (9, 10) 
for nonionizing solutes introduced the diffusional approach to the 
problem, postulating diffusional barriers and relating transport 
behavior to such factors as partition coefficient, diffusion barrier 
thickness, and diffusion coefficient. The concept was subsequently 
extended by Suzuki et ul. (11, 12) to include ionizing solutes, 
bringing in the effect of pH. 


Passow (13) developed a mathematical diffusional model for 
transport of substances in the renal tubule, taking into account 
the nonplanar geometry of the tubular surface and considering the 
cellular components themselves. His study did evaluate possible 
contributions by the aqueous diffusion barrier adjacent to the mem- 
brane. 


THEORETICAL 


The simplest model pertains to neutral, nonionizing substances. 
The model applicable to these compounds, R, appears in Fig. 1. 
Appearing on either side of the lipoidal barrier are aqueous dif- 
fusion barriers. Steady-state gradients are linear as shown, there 
being no interactions or equilibria with other species in the system 
and no dependence of diffusion coefficients on concentration. 


In general, Fick‘s law applies at any location: 


In the steady-state case, it is assumed that concentrations have no 
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Figure I-Three-phase open model showing schematic concentration 
gradients in steady-state transport of neutral solutes, where: (a) R 
has low partition coeficient, and (b) R has high partition coeficient. 


time dependence. Therefore: 


in any barrier; hence, the transport rate, G (mass cm.-2 sec.-l), may 
be obtained by integration: 


dR G = --DR - = constant dx 


Assumption of an open system allows maintenance of constant con- 
centrations in the bulk aqueous phases. Dw, the aqueous diffusion 
coefficient of R, is assumed equal in both aqueous phases. 
KLH, R’s oil-water partition coefficient, is considered the same at 
both interfaces, so: 


(Eq. 3) 


(Eq. 4) 
Cl (oil) Cz (oil) 


Cl (water) CZ (water) 
KLH= -~ = ~ 


where the subscripts 1 and 2 indicate left and right aqueous inter- 
facial locations, respectively, as shown in Fig. 1. 


The steady-state transport in this system may be summarized by 
a group of equations describing flux through each of the three 
barriers: 


G1 = Ds.(Rl - RI)/THl 


Gz = DL(KLH)(RI - Rz)/TH2 


Ga = Dfi(Rz - Rv)/TH3 


(Eq. 5 )  


(Eq. 6) 


(Eq. 7) 


I and r refer to borders of the left and right bulk aqueous phases, 
respectively; DW and DL (cm.2 sec.-l) are the aqueous and lipid 
diffusion coefficients of R, respectively; THl and TH3 are the ef- 
fective’ thicknesses of the “mucosal” and “serosal” diffusion 


1 The contribution of convection to the overall transport process is 
assumed to be negligible (25). 


-6 


c7 
m s 


-7 


-a 


-2 -1 0 1 2 3 4 
LOG KLH 


Figure 2-Results of calculations for neutral solutes according to Eq. 
8. All diffusion coeficients = cm.2 set.-'. THI = TH3 = 100 1.1; 
TH2 = 10-1 cm. AC = M. 


layers (cm.), respectively; and TH2 is the membrane thickness. 
Concentrations are given in mmoles ~ m . - ~  or M. 


At steady state, from Eq. 3, Gl = G2 = Gat and one has the simple 
series barrier situation. Equations 5-7 give, as a solution: 


The transport rate is directly proportional to the overall concentra- 
tion difference of the solute across the system. More significantly, 
it appears that G is directly proportional to the partition coefficient 
(as implied by the pH-partition theory) only as long as KLH is small 
enough to make the second term in the denominator much larger 
than the first term. Thus: 


At larger values of KLH, depending on the relative values of THl, 
TH2, TH3, Dw, and DL, G loses its linear dependence on the parti- 
tion coefficient and levels off to a maximal value. The second de- 
nominatorial term has now become negligible in comparison to the 
first. At low KLH values, the membrane is the entire barrier (Fig. 
la). At high values of KLH (Fig. lb), the membrane is “shorted 
out”; G is limited by the aqueous diffusional barriers in series with 
the membrane. 


Figure 2 illustrates results obtained for a typical solute-mem- 
brane system. Here, P,  the permeability coefficient, defined as: 


P = (DL)(KLH)/TH~ (Eq. 10) 


is equal to  10-4. KLH. This implies an effective membrane thickness 
significantly greater than the 100 A value usually associated with 
single membrane barriers and/or a low diffusion coefficient in the 
lipid phase. In Fig. 2, G rises linearly with KLH at low values of 
the latter but levels off to a maximum value (CZ - C, being con- 
stant). 


Weak Bases-Figure 3 qualitatively illustrates the steady-state 
model for the transport of a weak base, RN, protonated at lower 
pH values to RNH+; H2C/HC- and BH/B- represent buffers present 
in the serosal and mucosal phases, respectively. Only the uncharged 
form, RN, of the solute may penetrate the lipid phase2. Due to 
the existence of simultaneous transport and chemical equilibria 
in the system, curved concentration profiles may exist under cer- 


2 Therefore, the phenomenon of bulk flow through the membrane is 
assumed not to occur. 
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Figure 3-Three-pliuse model showiiig schematic concentratioti pro- 
fires preseiit in steady-stute transport of weakly basic drugs, RN. 
RNH+ is the prototiated huse; BH and B are forms of buffer in in- 
testinal fiuids; H’ is hydrogen ioti; H2C and H C -  are forms of the 
phsma buffer; atid THI ,  TH-7, and TH3 are diffusion barrier thick- 
nesses iti the three phases arid will keep their present deJtiitioiis in 
subsequent discussions. 


- THl- - m a -  
- w 2 -  


I N  
I N  


I N H  + 
DNH’ 


I- 


I N  


nNn+ ’ I H  


-1 I 


tain conditions in Fig. 3. 


state conditions: 
The following equations describe the base model under steady- 


GI] = (KLH)(DL.RN)(RNI - RNz)/TH2 (Eq. 11) 


(THIXGI) = Dw.Rxn 4 (RNHi+ - RNH1+) 
+ DW.RS (RNi - RNI) (Eq. 12) 


-6 


-7 


_ _  ~- 
-2 -1 0 1 2 3 4 


LOG KLH 


Figure 6. Results of‘ computer calculations for rile steudy-state 
model for the rrairsport of basic drugs of carious pKu’s. G ,  the traits- 
port rate, is in mmoles cm.- sec.-‘. Itrtestinul pH = 6.5: serosul pH 
= 7.4. Tvral ititestinal buffer coticetitration ( H B  + B-) = 10-1 M ;  
totcrl serosul buffer = 0.026 M, AC for drug = lo-’ M. THI = 
TH3 = 10.’ m i . ;  THZ = I0-1 on .  K (iiitestinal bidffer) = lo-=; 
K (serosal buffer) = 6 X lo-’. 


I r 
pH 6.5 1 2 pH 7;4 


9 
ou “C L , * I .  


9 


8 
X 2  I :  z: 


1-1oe. -1 +----loo. + 
Figure 5-Actual concentratioti profiles based on solittion of Eqs. I I -  
17 in modified form arid data from Fig, 4,  along with computer- 
generated concentratiotrs of the carious species at the interfaces. The 
purtition coeficierit of the base = 100; pKa of base = 7;  pKa of 
mucosal buffer = 6 ;  K, of serosol buffer = 6 X I0 ’. Boundary con- 
ditions include: G = 1.69 X 1 0 - 6  mmole cm.-l sec.-l, H’?’ = 2.98 X 
I P ,  HI+ = 4.64 X IF’, RN? = 1.30 X and R N I  = 1.47 
x 1 0 - 3 .  


Dw,R-(BI- - BI-) = Dw.BH(BHI - BHI) (Eq. 13) 


DW.RP;R + (RNHI+ - RNHI+) = Dw.n + (HI+ - HI+) 
+ Dw.RH(BHI - BHi) (Eq. 14) 


(TH~)(GIII) = DW.RS (RNz - RN,) 
+ Dw.am+ (RNHz+ - RNH,+I 


D W . E ~ C  (H2C, - H2C2) = DW.HC- (HCZ- - HC,-) 


(Eq. 15) 


(Eq. 16) 


Dw,H+ Wr+ - Hi+) + DW.HZC (H2Cv - H2Cd 
= DW.RRR+ (RNHz+ - RNH,+) (Eq. 17) 


HC in these equations is hydrogen ion. Subscripts on diffusion 
coefficients refer to individual species, and other symbols 
are as previously defined. Equation I I describes the movement of 
RN through the lipid membrane. Equations 12 and 15 give the total 
solute transport in the left and right aqueous barriers, respectively. 
Equations 13 and 16 are the corresponding steady-state buffer 
balance equations, while Eqs. 14 and 17 represent hydrogen-ion 
movement. Equation 14, for instance, says that the hydrogen ion 
“deposited” a t  the interface by conversion of RNH+ to R N  dif- 
fuses back to the mucosal bulk as H+ or is carried there by con- 
version of B- t o  BH, which diffuses back out to the bulk phase. 


In addition, the following equilibria apply at all places in the 
aqueous phases: 


KA = (RN)(H+)/RNH’ (Eq. 18) 


KB = (H+)(B-)/HB 03. 19) 
KC = (HCXH+)/H2C 03. 20) 


These are concentration dissociation constants as opposed to  
thermodynamic (activity) dissociation constants. They may be 
coupled with Eqs. 11-17 t o  give a system of seven equations in 
seven unknowns. G, B1-, HCz-, and the two interfacial concentra- 
tions of RN and H+. This system of equations is then solved nu- 
merically by a digital computer program3. Inputs t o  this program 
include all pertinent bulk phase concentrations (buffer, drug, and 
hydrogen ion), dissociation constants of buffer and drug, barrier 
dimensions, diffusion coefficients, and the partition coefficient. 
Output consists of G and the concentrations of various species at  the 
two aqueous-lipid interfaces. Results of sample calculations for a 
“physiological” system appear in Fig. 4 (14). The weak base is 
traveling between aqueous phases having pH‘s of 6.5 and 7.4. The 
data, shown as log-log plots, include the large range and domain of 
variables covered in the computations. As the pH-partition theory 


3 IBM 360/67 digital computer, University of Michigan Computing 
Center. 
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Figure 6- -Log G versus log inresrincd concenrrarioir plors .for rrmines 
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7.4. Iitt(winu1 hufliv roncrnrrurioir = I.0 X W 2  M; serum buffer 
coiiconrruriorI = 2.6 X M. Serosul drug concentration = 0. 


would predict, the transport rate increases with the partition coef- 
ficient (other things being equal) in a 1 : I  ratio. As observed in 
the calculations for neutral solutes, the leveling-off effect does 
occur at  higher KLH values, when the aqueous diffusion layers 
make up the total barrier. The curve for the base with a pKa of 3 
coincides with the curve in Fig. 2, indicating that the base is acting 
essentially as a nonelectrolyte a t  pH 6.5 in the mucosal phase. For 
weak bases of higher pKa values, the linear dependence of G on the 
partition coefficient is seen to extend over a somewhat wider range. 
This implies that the small fraction of uncharged species present 
at  two or more pH units below the pKa makes the transport process 
dependent on the membrane permeability over a wider range of 
partition coefficient values. Transport rates of bases with higher 
pKa's are seen in Fig. 4 to level off a t  correspondingly lower values. 
Calculations with higher buffer strengths, however, give somewhat 
higher maximum rate plateaus for those bases having higher pKa 
values. For these pH conditions (serosal drug mainly in the un- 
charged form, RN), however, the plateaus cannot be made to  ap- 
proach those for lower pKa bases, even with infinite buffer strength. 


Figure 5 shows concentration profiles, the results of computations 
based on equations similar to Eqs. 12-14 and 15-17. The boundary 
conditions were the interfacial concentrations of various species 
(obtained from computer calculation of the steady-state rate) and 
those at an arbitrary distance into the aqueous barriers. The aqueous 
concentration profiles are indeed curved, as predicted. The function 
of the buffers in hydrogen-ion movement is also evident. 


Other computations (Figs. 6 8 )  have shown that the steady-state 
absorption rate is generally directly proportional to the overall 
concentration drop between the two bulk aqueous phases. Some 
limiting does occur in the case of high partition coefficient bases 
when the buffer concentration is not significantly greater than that 
of the base itself. Substitution of higher buffer concentrations line- 
arizes the upper portions of the curves in Fig. 8. In any given ex- 
perimental situation, it would be advisable to have a buffer con- 
centration appreciably greater than that of the transporting solute. 


Figure 9 summarizes the effect of the aqueous diffusion layer 
thickness on permeation rate. There is no, or relatively little, effect 
of aqueous harrier thickness on the movement of solutes having low 
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Figure 9--Plot showiirg effect of the mapiitude of aqireoits barrier 
thickness (THI = TH3) 011 G for bases liucing carious partition co- 
eficienrs. pKa = 6: DH. = IF5; Dr, = AC = 10-2 M; in- 
testinal p H  = 6.5; serosal p H  = 8.0. Total buffer concentrarion in 
both aqueous phases = I f 3 1  M .  TH2, the membrane thickness, = 
5 X I C 2 c m .  


permeability coefkient values. At higher values, the membrane's 
contribution to the total barrier decreases, and a curvilinear de- 
pendence of G on TH1 = TH3 becomes apparent. Ultimately, G 
becomes inversely proportional to the magnitude of the aqueous 
barrier. Also visible in Fig. 9 is the leveling off of G with the increas- 
ing partition coefficient. 


Significant is the fact that under certain pH conditions the serosal 
aqueous barrier may be effectively eliminated. The necessary condi- 
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Figure 10-Diagram showing concentration profiles in the two dif- 
.fusion layers for the weak base of K L H  = 100 and pKa = 7, illus- 
trating rhe special p H  effect on rare. Total buffer concentratioti in 
either bulk phase = IFz M ;  pKu's of buffers are eqrrioalent to 
respectice bulk p H  oulues. All diffusion coeficients = Mucosal 
base coiicetitration = 10-2 M ;  serosal concentration = 0. Com- 
puter calculations gioe: G = 7.03 X sec.-l, H2" = 


2.14 X 10-7 M, HI+ = 1.028 X 10--s M ,  RN2 = 2.238 X M ,  
and RNI = 2.941 X IC3 M. us well as buffer species concentrations 
at I and 2. These calires plus equations similar to Eqs. 12-17 gioe illus- 
trated profiles. The profile for RN in the lipid plrusr is o f f  the scale of 
the diagram a d  is not shown. 
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Figure 11-Data obtained in a manner identical to Fig. 10. The 
serosalpH andpKa ofthe serosal buffer haoe been lowered to 3. Note 
that serosal RN drops to zeroin eoen less distance than in Fig. 10. 
Note also the relatioely small difference between RN oalues at the two 
oil-water interfaces. 


tions are: (a) the neutral form of the electrolyte has a high lipid 
permeability coefficient, (b )  the mucosal phase has such a pH value 
that the electrolyte is mainly in the neutral form, and (c) the serosal 
phase has such a pH value that the electrolyte is mainly in the 
charged form. 


Figure 10 shows results of concentration profile calculations 
derived in a manner similar t o  those in Fig. 5 .  Note that the con- 
centration of the uncharged form (RN)  drops to  zero in a distance 
from the serosal oil-water interface less than the entire diffusion 
layer thickness. This, in effect, increases the gradient for a given 
concentration drop. As a result, the overall concentration drop is 
increased to about 7 0 z  of the mucosal concentration. This figure 
should approach 100% as the partition coefficient is increased be- 
yond 100. 


Increasing the equilibrium constant for a reaction, such as R N  + 
H2C RNH+ + HC-, will, as predicted by Olander (IS) for a 
simpler reacting system, result in more kinked concentration pro- 
files. This is done in the present case by lowering the serosal pH 
and the pKa of the serosal buffer to, for example, 3, with the results 
shown in Fig. 11. The rate is virtually unchanged; the constant sum 
of the gradients of R N  and RNH+ is evident at various points. 


Weak Acids-Figure I2 shows schematic gradients in the steady- 
state movement of an ionizing weak acid HR in the three-phase 
system. Equations 21-27 are entirely analogous to those (Eqs. 11-17) 
for the weak base: 


Gii = (KLH)(DL,I~R)(HRI - H R d T H 2  (Eq. 21) 


(THIXGd = DW.ER (HRi - HRd 
+ Dw.R- (RI-  - Ri-1 (Eq. 22) 


1 2 r 


INTESTINE DIFFU- "LIPID" DIFFU- BLOOD 
SION MEM- SION 


LAYER BRANE LAYER 


Figure 12-Three-phase model showing schematic concentration 
profiles in steady-state transport of weakly acidic drugs. HR, which 
ioiiize to gioe R-. Note moi:ement of buffer species whirh supply or 
remove hydrogen ion at the interfaces. 
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Figure 13-Results of computations for the steady-state model for 
acid drugs, log G versus log KLH. AN conditions are identical to those 
for weak bases (Fig, 4) .  Note anomalous behavior for pKu = 7 and 
pKu = 9 curves. 


4 - - 


-Dw.B- (Bi- - BI-) = DW.BH (BHr - BHJ (Eq. 23) 
DW,H + (Hi+ - HI+) + DW.BE (BHi - BHi) 


= Dw.R-  (Ri- - RI-) (Eq. 24) 


(TH~)(GIII) = DW.HR (HRz - HR2 
+ Dw.R- (Rz- - RV-1 


DW,EC- (HC,- - HCz-) = D W . E ~ C  (H2Cz - H2Cr) 
(Eq. 25) 
(Eq. 26) 


D W . H ~ C  (H2C2 - H2C,) = Dw.R- (Rz- - R,-) 
+ Dw.H+ (Hz+ - H,+) (Eq. 27) 


These, along with the three dissociation constants for the buffers 
and the weak acid, are used to reduce the system to seven equations 
in seven unknowns. 


Figure 13 shows results for computations using conditions 
identical to those used in Fig. 4 for the weak bases. Resulting trans- 
port rates are qualitatively as expected, with rates for acids of low 
pKa’s, mostly dissociated at pH 6.5, being lower for any given 
partition coefficient value and reaching lower maximal rates than 
acids having higher pKa values. As before, however, the difference 
in plateaus decreases with higher buffer concentrations. Maximum 
rates for pKa 7 and 9 acids show the effects of the pH-dependent 
mechanism illustrated in Figs. 10 and 11 ; they are greater than the 
value (5.0 X mmole cm.? set.-') expected for a strictly neu- 
tral solute. Figure 14 demonstrates the dependence of this effect 
on buffer concentration. Under optimum conditions (high partition 
coefficient and buffer strength), the expected rate-doubling occurs, 
reflecting the effective elimination of one-half of the total barrier. 


It is apparent then that, given proper pH conditions, identical 
effects will be demonstrated by both acids and bases. 


Transport of One Component when a Second Component Is Also 
Absorbed-In the GI tract, it is a known fact that only the distal 
portion of the small intestine is permeable to bile salts (16). A 
model has been constructed for the instance where the buffer 
has the capability of being absorbed. Figure 15 shows the 
case where the solute (PYR) and buffer (ETP) are both weak bases. 
The buffer is present in appreciably larger concentration than the 
solute itself. The original equations governing three-phase trans- 
port led to algebraic difficulties; hence a two-phase (aqueous- 
lipid) approximation was adopted. Here, the lipid phase essentially 
serves as a perfect sink. One can consider buffer and solute con- 
centrations as dropping to  zero at the right oil-water interface. 


7 -  


6 -  z 
x 5 -  
13 
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3 -  
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Figure 14-G versus log KLH for a weak acid (pKa = 7 )  series at 
three different serosal-mucosal buffer concentrations. The maximum 
rate under these conditions .for a strictly neutral solute is 5 X 10” 
mmole un-2  sec.-I. pH (intestine) = 5 ;  pH (blood) = 9 .  THI = 
TH3 = I00 p; TH2 = 10-1 cm. AIL diffusion coefficients = 
cm.2 set.-'. Intestinal concentration of acid = M; serosul bulk 
conctntration = 0. For maximum buffer capacity, pKa’s of buffers 
are equal to bulk p H  values. 


The buffer is assumed to have an intrinsic partition coefficient 
significantly larger than that for the other solute. 


The equations describing transport under these conditions appear 
below. PYR is the low partition coefficient solute; ETP is the buffer 
with a high partition coefficient. Subscripts I and 1 on various 
species refer to locations as previously defined. L and W on G‘s 
and D’s refer to lipid and aqueous phases, respectively: 


GPYR,L = (KLHPYR)(DL,PYR)(PYRI - WTH2 0%. 28) 


GETP,L = (KLHETP)(DL,ETP)(ETPI - O)/TH2 (Eq. 29) 


(TH~XGETP.~)  = DW.ETP (ETPi - ETPI) 
+ DW,ETPH+ (ETPHr+ - ETPH,’) (Eq. 30) 


(THI)(GPYR.w) = DW.PYR (PYRi - PYRI) 
+ DW,PYRH+ (PYRHi+ - PYRHI+) (Eq. 31) 


I 1 


MUCOSAL BULK PHASE DIFFUSION LIPID 
LAYER MEMBRANE 


Figure 15-Two-phase model (with a perfect sink) for transport of 
two basic solutes: u buffer, ETP, with u high partition coefficient, and 
another moiety, P YR, with a low partitiorz coefficieirt. The deposition 
of H+ at the interface from the conversioti of ETPHf results in a 
lowering of iiiterfacial p H .  


Vol. 61, No. 12, December I972 0 1921 







-11 I I I I 1 
4 5 6 7 8 9 


BULK MUCOSAL pH 


Figure 16-Calculations showing the effect of transfer of a high 
partition coeficient weuk base, AMYLPYR,  on the rate of transfer 
of another base, PYR,  having a relatively low partition coefficient. 
P Y R  = I F 4  M. Numbers on curves refer to aqueous bulk concentra- 
lion of AMYLPYR. Dw's = DL'S = 5 X lo-'. TH1 = 2 X 
1 0 - 2  cm.; TH2, the membrane thickness, = 5 X 1F2 cm. KLH of 
AMYLPYR = 298; KLH of P Y R  = 0.275. The topmost curve, 
representing behaoior in the absence of AMYLPYR, is essentially a 
normal titration curve for P YR. 
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DW.ETPH + (ETPHl' - ETPH1+) = DW.PYRH + (PYRH,+ - 
PYRHi+) + Dw.H+ (Hi+ - HI+) (Eq. 32) 


Equations 28 and 29 are the steady-state transport expressions for 
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Figure 17-pH-rate profiles in a three-phase system for weak bases 
of pKa = 6. Numbers on curves are partition coeficient values. 
Mucosal drug concentration = 1 0 - 2  M ;  buffer concentrations in 
both aqueous phases = 10-2 M ;  and serosul pH = 7.4.  AN aqueous 
diffusion coeficients = IPS: D L  = 10-8. Buffer pKa's are equiva- 
lent to bulk pH values. THI = TH3 = cm.; TH2 = 5 X IF2 
cm. P = (DL) (KLH)/TH2 = 2 X 1F6.KLH; therefore, the T 
value, the ratio of Dw/THl:P, = 5O/KLH. Note lack ofshift under 
even extreme values of KLH (very low T values). 
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Figure 18-Log of transport rate plotted uguirist the interfacial 
mucosal p H  values .for conditions idetitical to those in Fig. 17, ex- 
cept serosal p H  arid pKa of buffer = 3. Numbers on curves are KLH 
values. Note apparent shift in profiles, as predicted b y  Suzuki et al. 
(11). Large dots indicate apparent pKa's. 


the solute and buffer through the lipid phase. Equations 30 and 31 
describe the movement of the two substances through the mucosal 
diffusion layer. Transport of hydrogen ion itself and by the two 
solutes is described by Eq. 32. These equations, along with dis- 
sociation constants of the two solutes, can be numerically solved to 
give the transport rates of the two bases as well as the interfacial 
concentrations of the various species in solution. 


pH.3 2l 1 
/ 


/ 
/ 


/ 
/ 


/ 
/ 


/ 


/ '  
o4 / 


/ '  
o4 / 


/ 
5-PHASE 13/01 


-4 Y 
I 
0 1 2 3 4 5 6 


LOG PARTITION COEFFICIENT 
Figure 19-Log transport rate (G) versus log partition coefficient 
( K L H )  for a series of weak bases of pKa = 5 in a comparison of 
models when source phase pH = 3. Numbers in parentheses on curves 
refer to the p H  of the source arid receptor phases, respective/). The 
upper dashed line is the pH-partition theory prediction. Lowering 
receptor phase pH to I also gives results identical to the two-phase 
model. THI = THZ = TH3 = 10- cm.; DIV = D L  = cm.2 
set.-'; and AC = 100 arbitrary concentration units. 
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Figure 16 shows the effect of the transport of a basic buffer with 
a partition coefficient of 300 on the movement of another basic 
solute with a partition coefficient of less than one. At intermediate 
pH’s. the rapid transport of the buffer affects the rate of the lower 
partition Coefficient solute The interfacial pH, lower than the bulk 
pH, is the result of the outward gradient of H+ apparent in Fig 15. 
H +  is also carried out to the bulk by PYR as PYRH+. Therefore, 
the net rate of PYR transport across the system is lowered. At 
higher mucosal pH values, however, where both bases are in the 
uncharged form. little or no effect is observed; both substances pass 
throiigh the system independently of each other. The magnitude of 
the effect on the pH-rate profile of PYR, the lower partition co- 
efficient solute, is dependent on the relative conentrations of solute 
and buffer. 


Other similar models have been considered in a general way. An 
absorbable acid buffer can similarly inhibit the transport of an 
acid solute, while mixtures of an acid buffer and basic solute or a 
basic buffer and acid solute can result in mutual enhancement of 
transport rates. 


Comparison to a Two-Phase Model-The two-phase model of 
Suzuki et ul. ( 1 1 ,  12) for weak electrolytes led to a correlation 
between the relative resistances of the lipid (membrane) and aqueous 
(diffusion layer) phases and the shape of the pH-uptake rate eon- 
stant profiles. Under conditions of high buffer strength, with the 
lipid acting as a perfect sink, the apparent pKa (defined as the inter- 
facial pH where half the maximum rate constant is exhibited) is a 
function of 7, the ratio of the permeability coefficient of the dif- 
fusion layer (L)w/THI, as defined in the present terminology) to 
the permeability coefficient of the lipid phase [ ( K L H )  (DIJTHZ]. 
As 7‘ decreases (relative resistance of aqueous phase >> resistance 
of lipid phase), there is an apparent shift of the pH-rate profile 
toward lower pH values for weak bases and toward higher pH 
values for acids. 


An appropriate serosal pH, low for bases and high for acids, 
allows the present three-phase model to simulate two-phase condi- 
tions. If this is not done, normal three-phase conditions prevail, 
resulting in the profiles of Fig. 17. Lowering the serosal pH results 
in Fig. 18. with a pronounced leftward shift in the pH-rate profiles 
with increasing partition coefficient. It is also apparent that with a 
high buffer concentration and diffusivity, there should be no visible 
variation of‘G with mucosal pH. 


DISCUSSION 


Hogben ei al. (2) noted the possible importance of drug diffusion 
to the intestinal mucosa under favorable absorption conditions. 
The nondependence of the transport rate on the partition coefficient 
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Figure 20- -Log versus log KLH for a series of w e d  bases, pKu  = 


5. wlieii soiircc pliose p H  = 5 .  Otlier corrdirioiis lire as for Fig. 19. 
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Figure 21-Log G versus log KLH /or (I  series o/’wc.uk bases. pKrr -= 
5, when source phrrse pH = 8, Other coiiditioirs ure us ,/or Fig. 19. 


when the latter is high was utilized in the work of Howard er ul. 
(10). 


The present model enables a fresh interpretation of studies in 
the literature. Koizumi e /  a/. (17) noted an increased absorption 
constant with a greater rate of recirculation of drug solution through 
the rat intestine, possibly resulting from a decreased aqueous dif- 
fusion barrier. The data of Misra et ul. (18), for transport of salicylic 
acid through collodion membranes, indicate that these barriers 
must be permeable to salicylate ion. The permeation rate from a 
compartment of pH 3 was only about eight times that from a com- 
partment of pH 8.5. The difference in the relative percent of acid in 
the neutral form would be about five orders of magnitude between 
the two pH’s, and considerations in the viewpoint of the present 
model would require rather drastic conditions. 


The lack of physicochemical definition of three-phase in citro 
systems often makes impossible the evaluation of the aqueous dif- 
fusion barriers’ contribution. The studies of Garrett and Chem- 
burkar (19, 20) and of Levy and Mroszczak (21) illustrate classical 
membrane-limited transport rates. The movement of salicylic acid 
through an olive oil-saturated Millipore filter disk in the latter 
study could, however, depend somewhat on the aqueous portion of 
the total barrier. The lack of stirring in the aqueous chambers be- 
tween samples precludes accurate interpretation. 


The buccal absorption data of Beckett and Moffat (22) indicate, 
for high partition coefficient solutes, a dependence on diffusion 
through an aqueous barrier adjacent to the buccal mucosa. This 
was confirmed by recent model studies (23). 
In a study of the movement of a series of carboxylic acids across 


the toad bladder membrane (24), several interesting points were 
made. Calculated permeability constants for nonionic species ap- 
parently leveled off above the six-carbon acid. In this three-phase 
system, the receptor aqueous phase was at  pH 7, creating an effective 
two-phase system and eliminating the serosal diffusion layer. 
Highly lipid-soluble acids would exhibit a shift in the mucosal pH- 
transport rate profiles toward a higher pH. The rate for a mucosal 
pH of 6 would, therefore, be expected to be the same or very little 
less than that for pH 4-5. This was borne out in the experimental 
results. ,Moreover, it is possible that the buffer in the system was of 
sufficient concentration and capacity to decrease further the ex- 
pected rate difference between pH 4 and 6 by facilitating the con- 
version of the anion of the acid to the uncharged form. The authors, 
however, attributed the behavior to a direct pH effect on the mem- 
brane itself; i.e., the membrane was more permeable to the free 
acid a t  pH 6 than a t  pH 4. More importantly, they stated that 
“highly lipid soluble acids may reach a limiting penetration rate.” 
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While the models discussed in the present research may not gen- 
erally explain the complex in oioo absorption of drugs, they should 
contribute significantly to the understanding of baseline behaviors. 
They, therefore, provide a t  least a systematic understanding of the 
simultaneous interaction of the many physicochemical variables 
in the system, leading often to unexpected results. As future work 
should show, these models and their elaboration to  handle more 
complex situations should prove very valuable in both ex- 
perimental design and data analysis of iri oico studies. 


ADDENDA 


It would be instructive to compare the various models (two 
phase, pseudo two phase, and three phase) under identical source 
phase pH conditions to answer the following question: How 
closely, and under what conditions, does the pseudo-two-phase 
model approximate the true two-phase model (11 ,  12) where the 
lipid phase acts as a perfect sink'! 


Figures 19-21 compare the three models for a homologous 
series of bases with a pKa of 5 when the pH of the source phase is 
3, 5, and 8, respectively. A simplifying assumption in these calcula- 
tions is very large buffer strength; hence, interfacial pH is equiva- 
lent to bulk pH. In all three figures, it is apparent that all models 
(and the pH -partition theory prediction, based on concentration 
of the unionized species in the source phase and no aqueous dif- 
fusion layers) are equivalent for low partition coefficient solutes. 
The membrane is overwhelmingly the ra te-determining barrier. 
As the partition coefficient increases, however, the three diffiisional 
models show the leveling-off trend. The true three-phase model in 
Fig. 19 (3/8) levels off at  a rate 12 of the true twephase model 
value. I t  is also seen that the pseudo-two-phase model (3/3) does 
not approximate the true two-phase model (3/sink). When the frac- 
tion of base as R N  in the source phase increases to 50 and 100% 
(Figs. 20 and 21). however, the models do converge. 


At first glance, then, it would appear that the three-phase model 
can, in the form of the pseudo-two-phase model, be made to ap- 
proximate true two-phase conditions whenever an appreciable 
amount of the solute is in the uncharged form in the source phase 
and is mainly in the charged form in the receptor phase. However, 
as  the upper solid curve in Fig. 19 indicates, lowering the receptor 
phase pH from 3 to 1 again equalizes the pseude  and true two- 
phase models. It may thus be summarized that the pseudetwo- 
phase model accurately simulates two-phase conditions simply 
when there is proportionately more uncharged solute in the source 
phase than in the receptor phase. This is in concurrence with the 
results of H o  and Higuchi (23) for buccal absorption of weak acids. 
Since salivary pH (6.c7.0) is less than serosal pH (7.4), there is 
proportionately more uncharged acid in the oral solution; hence, 
the two-phase model does apply. As stated by Ho and Higuchi (23), 
this would not be the case for buccal absorption of weak bases. 
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While the models discussed in the present research may not gen- 
erally explain the complex in oioo absorption of drugs, they should 
contribute significantly to the understanding of baseline behaviors. 
They, therefore, provide a t  least a systematic understanding of the 
simultaneous interaction of the many physicochemical variables 
in the system, leading often to unexpected results. As future work 
should show, these models and their elaboration to  handle more 
complex situations should prove very valuable in both ex- 
perimental design and data analysis of iri oico studies. 


ADDENDA 


It would be instructive to compare the various models (two 
phase, pseudo two phase, and three phase) under identical source 
phase pH conditions to answer the following question: How 
closely, and under what conditions, does the pseudo-two-phase 
model approximate the true two-phase model (11 ,  12) where the 
lipid phase acts as a perfect sink'! 


Figures 19-21 compare the three models for a homologous 
series of bases with a pKa of 5 when the pH of the source phase is 
3, 5, and 8, respectively. A simplifying assumption in these calcula- 
tions is very large buffer strength; hence, interfacial pH is equiva- 
lent to bulk pH. In all three figures, it is apparent that all models 
(and the pH -partition theory prediction, based on concentration 
of the unionized species in the source phase and no aqueous dif- 
fusion layers) are equivalent for low partition coefficient solutes. 
The membrane is overwhelmingly the ra te-determining barrier. 
As the partition coefficient increases, however, the three diffiisional 
models show the leveling-off trend. The true three-phase model in 
Fig. 19 (3/8) levels off at  a rate 12 of the true twephase model 
value. I t  is also seen that the pseudo-two-phase model (3/3) does 
not approximate the true two-phase model (3/sink). When the frac- 
tion of base as R N  in the source phase increases to 50 and 100% 
(Figs. 20 and 21). however, the models do converge. 


At first glance, then, it would appear that the three-phase model 
can, in the form of the pseudo-two-phase model, be made to ap- 
proximate true two-phase conditions whenever an appreciable 
amount of the solute is in the uncharged form in the source phase 
and is mainly in the charged form in the receptor phase. However, 
as  the upper solid curve in Fig. 19 indicates, lowering the receptor 
phase pH from 3 to 1 again equalizes the pseude  and true two- 
phase models. It may thus be summarized that the pseudetwo- 
phase model accurately simulates two-phase conditions simply 
when there is proportionately more uncharged solute in the source 
phase than in the receptor phase. This is in concurrence with the 
results of H o  and Higuchi (23) for buccal absorption of weak acids. 
Since salivary pH (6.c7.0) is less than serosal pH (7.4), there is 
proportionately more uncharged acid in the oral solution; hence, 
the two-phase model does apply. As stated by Ho and Higuchi (23), 
this would not be the case for buccal absorption of weak bases. 
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In Vitro Model for Transport of Solutes in 
Three-Phase System 11: Experimental Considerations 


RANDALL G. STEHLE” and WILLIAM I. HIGUCHI. 


Abstract 0 Key experiments were carried out that illustrated the 
main features of the three-phase transport theory presented earlier. 
These studies investigated the effects of partition coefficient and 
pH on transport rates and how these effects are altered by the 
aqueous diffusion layers adjacent to the lipid phase. The experi- 
mental setup incorporates significant improvements over previous 
in vitro systems: (a)  stable lipid phases in which partition coefficients 
of solutes may be measured, and (b)  a large aqueous-lipid phase 
volume ratio, enabling establishment of steady-state conditions. 
Experimental rates for a variety of conditions correlated reasonably 
well with computer predictions obtained by independent evaluation 
of physicochemical parameters in the system. Transfer rates leveled 
off with increasing (high) membrane permeability coefficients. 
Transport rates for these high permeability coefficient solutes were 
very dependent on stirring rates as well as on the pH of the re- 
ceptor phase. The pH-transfer rate profiles generally paralleled 
solute titration curves, except where pH values created pseudo- 
two-phase conditions. The transport of a high permeability co- 
efficient solute, n-amylpyridine, slowed the simultaneous transfer 
of pyridine through the system. Cumulative results indicate that 
the pH-partition theory is only a special case of a more general 
phenomenon. 


Keyphrases 0 Transport of solutes-three-phase (w/o/w) sys- 
tem, experimental considerations 0 Solute transport-three- 
phase (w/o/w) system, experimental considerations 0 Three- 
phase (water-oil-water) system-solute transport, experimental 
considerations 0 Diffusional model-solute transport in three- 
phase (w/o/w) system, relationship to  pH-partition theory 0 
pH-partition theory-ffect on transport rates in three-phase 
(w/o/w) system 0 Absorption, drug-three-phase (w/o/w) model 
investigated relative to pH-partition theory 


In Part I (l), the three-phase diffusional model for 
transport of solutes was discussed. The significant inclu- 
sion of aqueous diffusion layers on both sides of the 
membrane led to transport behavior not predicted by 
the Brodie-Shore-Hogben pH-partition theory. This 
report outlines the development and results of key ex- 
periments, which establish the validity of the present 
transport model. 


EXPERIMENTAL 


Lipid Phases--Two lipid phases, oil-polymer mixtures in- 
corporated into fiber glass filter disks’, exhibited reasonably good 
stability when submerged in aqueous solutions of various pH 
values. These were a 2: 1 by weight mixture of triolein2 and acrylic 
resin” and a 3 : 1 mixture of heavy mineral oil4 and the copolymer. 
The disks, with a nominal pore diameter of 0.9 p and an average 
thickness of 500 p,  lent rigidity and geometrical reproducibility to  
the “membranes.” The polylaurylmethacrylate copolymer in- 
creased the gross viscosity of the lipid phase, which, nevertheless, 
presented a fairly low viscosity to  diffusing solutes a t  the molecular 
level. 


The polymer, which comes as a 50% solution in “mineral oil,” was 
separated out by repeated dilution with benzene, precipitation 


_ _ _ _ _ _ ~ ~ ~ ~ _ _ _ _ _ ~  ~ 


1 Versapor filter disks 6429, Gelman Instrument Co., Ann Arbor, 


2 K&K Laboratories, Inc., Plainview, N. Y. 
3 Acryloid 917, Rohm & Haas, Philadelphia, Pa. 
4 White Oil No. 31. Standard Oil of Indiana. 


Mich. 


Table I-Principal Buffers (for 2 I .  of 0.1 M Buffer) 


pH 8.00 pH 6.50 


0.7457 g. KH2P04‘ 
33.8815 g. K2HPOaa 
58.44 g. NaCP 


12,512 g. KH2P04“ 
18.822 g. K Z H P O ~ ~  
58.44 g. NaCP 


pH 5.00 pH 3.00 


8.658 g. K O H  
40.846 g. KHPhthaiated 
58.44 g. NaClb 
(or weigh out 0.2 mole 
of citric acid and 
titrate to pH 5.00 with 
potassium hydroxide) 


20.778 g. NaHC20ad 
5.386 g. Na2C20ad 


58.44 g. NaCP 
(or weigh out 0 . 2  
mole of citric acid 
and titrate to pH 
3.00 with potas- 
sium hydroxide) 


a J. T. Baker Chemical Co., Phillipshurg, N. J. b Mallinckrodt Chem- 
ical Works, St. Louis, Mo. c Baker & Adamson Reagent, Allied Chem- 
ical & Dye Corp., New York, N. Y. d Fisher Scientific Co., Fair Lawn, 
N. J. 


with acetone, and decantation of solvent. After the removal of the 
solvent by vacuum and heating a t  50” in a dry air oven, the glassy 
residue was weighed, redissolved in benzene, and mixed with the 
appropriate amount of mineral oil or triolein. The benzene was 
once again removed by vacuum and moderate heating. 


Aqueous Buffers-Table I lists the buffer systems used for aqueous 
phases of various pH values. All systems included 0.5 A4 NaCl as a 
swamping electrolyte to buffer ionic strength changes. Polyprotic 
buffers were chosen, so that: (a) essentially two forms would be 
present at  a given pH, thus providing input data for computer cor- 
relations, and ( b )  both species were ions. This latter requirement 
ruled out such systems as acetate and lactate. The free acid forms 
of these buffers could partition into, and diffuse through, the lipid 
membrane. 


Solutes-A series of alkylated pyridines was studied, covering a 
two orders of magnitude ran.ge of partition coefficient values. The 
parent compound, reagent grade pyridine5, was used without further 
purification. The alkylated derivatives2, with the exception of the 
4-n-amylpyridine, were redistilled under vacuum, the first frac- 
tion being discarded. All solutes were assayed by UV spectro- 
photometry6. 


Apparatus-Figure 1 depicts the apparatus used in the present 
studies. The center piece is of machined Teflon, reinforced on the 
outside with brass collars t o  minimize the deformation that occurs 
with this substance under pressure. The Teflon piece slides tightly 
onto ground-glass projections from the aqueous chambers and is 
adjustable for membranes of varying thicknesses. The available 
transport area is 7.89 cm.2. The jacketed aqueous chambers main- 
tain a constant 30” temperature from an  external water bath. 


Stirring of the aqueous phases was provided by 5.08 X 1.1-cm. 
(2 X 0.42-in.) magnetic stirrer bars driven by constant-speed high- 
torque motors7.*. The left or “source” chamber, when filled and 
sealed off, held about 330 ml.; the right chamber containcd 300 
ml. By using filter disks’ with a diameter of 37 mm., a nominal 
pore size of 0.9 p, an  estimated porosity of 0.87, and a measured 
thickness of 500 p ,  saturated with the oil-polymer mixture already 
described, an aqueous-lipid phase volume ratio of from 300 to 6Oo:l 
was realized, This ratio allowed steady-state transport conditions 
to  be attained without significant depletion of the source compart- 
ment. 


5 J. T. Baker Chemical Co., Phillipshurg, N. J. 
6 Perkin-Elmer-Hitachi 139, Hitachi, Ltd., Tokyo, Japan. 
7 Hurst Manufacturing Co., Princeton, Ind. 
8 Howard Electric Co., Detroit, Mich. 
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Figure 1-Two-cell apparatus used it1 three-phase transport studies. , 
The Teflon Centerpiece slides onto ground-glass projections on cells. 
The stopcock seals off  the left cell once it is completely filled. Sam- 
pling is from ihe right chamber. Cross-seciiorral transport area = 7.89 
cm.l. 


In an experiment, the source chamber was filled with 300 ml. of 
pyridine solution and the receiving chamber was simultaneously 
filled with 300 ml. of buffer solution. The right side was stoppered, 
and the source chamber was filled and sealed off (Fig. 1). Samples 
were removed periodically from the right side with replacement by 
buffer. 


EVALUATION OF PARAMETERS 


Quantitative correlation of experimental results with theoretical 
predictions by the model necessitated the determination of several 
parameters. Directly measurable quantities included: (a) aqueous 
phase pH values, ( b )  dissociation constants of solutes and buffers 
(at the ionic strength in the system), and (c) membrane thickness 
(5oCr.510 p). 


Effective Aqueous Diffusion Layer Thicknesses (TH1 and T H 3 b  
These parameters were determined in two different ways. The two- 


0 1 2 3 4 5 6 7 8  
TIM E/V,(t) 


Figure 2- -First-order uptake plots Of log (absorbuiireJabrorbatice~) 
versus time/colirme, (rime) /or rwo different inirial ( top = 0.01 %: 
bottom = 0.001 7; j concentrations ol' dinirrotoluetie. The ordinate is  
linear with the quantity: 


- AmenibraneDIF 
V., TH., 


where A = transport nren. Volrtmc. is included in the ubscissa to 
correctjbrsnmplc. remocnl. Drf- = 1.02 X CM.? sec.-I. 
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Figure 3--I/G versus 2lr.p.m. for the series r,fbenzoic acid diffusion 
runs through a siloer filter. The intercept, representing /he extrap- 
dared rate ar infinite stirring speed, is equal 10 (THZ/Dn' .A .AC) ,  
where Dw' = porosity X Dw + fortuosity, and A = rratisport 
areu. This, with Eq. 8 ol' the prerioiis paper ( I ) ,  was used 10 gioe THI + TH3 = 150 p at 150 r.p.m. 


phase method of Howard (2) involved following the initial first-order 
disappearance of a high partition coefficient solute from an aqueous 
phase into the lipid membrane. The slope of an In (C /CO)  cersus time 
plot is inversely dependent on the diffusion layer thickness. The 
aqueous diffusion coefficient of thesolute must be known. In the pres- 
ent three-phase system, separate uptake experiments were done on 
each side of the lipid-impregnated filter. Results for dini t rotol~ene~ 
(Fig. 2) and diethyl phthalatee uptake into a filter disk saturated 
with dibutyl sebacate'o indicate an  effective diffusion layer thickness 
of 60 i 10 p a t  150 r.p.m. on either side of the membrane. 


The method of Ginzberg and Katchalsky (3) leads to the total 
diffusion layer thickness on both sides of the membrane. This in- 
volves running aqueous diffusion experiments with the same solute 
over a range of stirring speeds and plotting the reciprocal of the 
transport rate cersus the reciprocal of the stirring speed, raised to 
some power such that the plot is linear. When (r.p.m.)-" = 0 ("in- 
finite stirring"), the contribution by the membrane may be obtained 
by extrapolation, making possible the calculation of the total dif- 
fusion layer thicknesses at  the experimental stirring speeds. 


The diffusion of benzoic acid" through silver filters12 was studied 
in the transport apparatus. For the 50-400-r.p.m. range, n = 1 gave 
the best linear fit in the present system (Fig. 3). The total aqueous 
diffusion layer thickness(TH1 + TH3) was estimated in this manner 
to be 150 p (2 X 75 p )  at 150 r.p.m. 


At 150 r.p.m., 60 p was used as the individual diffusion layer 
thickness; and in the light of the apparent inverse relation between 
stirring speed and diffusion barrier thickness in this particular 
apparatus, 180 p was used for 50-r.p.m. stirring conditions. 


Aqueous Diffusion Coefficients DW (Table 11)-The values of DW 
for the various pyridines were found, using the method of Gold- 
berg and Higuchi (4), with benzoic acid (Dw = 1.11 X as a 
standard. 
~ ~~ 


9 Eastman Organic Chemicals, Rochester, N. Y .  
10 Aldrich Chemical Co.. Inc.. Milwaukee, Wis. 
11 Baker & Adamson Reagent, Allied Chemical & Dye Corp., New 


1 2  Selas Flotronics, Spring House, Pa. 
York, N. Y. 
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Table 11-Pertinent Parameters Established for Solutes Studied 


7 -  


6 -  


,; 5 . 
0 
0 
- 
E 4 1 -  
E 


5 


~ 


Solute 


I -  


Partition 
Coefficient 


Molecular In Mineral -Diffusion Coefficient- 
Weight Oil System A,,, (pH) pK'a Lipid Aqueous 


Pyridine" 
4-Methylpyridine" 
2-Ethylpyridineb 
4-Ethylpyridineb 
2-n-Propylpyridineh 
4-rr-Propylpyridineb 
4-rert-Butylpyridineb 
4-u-Amylpyridineb 


79.103 
93.13 


107.16 
107. I6 
121.18 
121.18 
135.21 
149.23 


0.275 
0.87 
3.11 
2.76 


22.9 
19.9 
28.7 


298 


256.25 (8) 
254.25 (8) 
261.25 (8) 
254.5 (8) 
261.75 (8) 
254.75 (8) 
254.75 (8) 
254.75 (8) 
252 (2.1) 


5.47 
6.25 
6.24 
6.24 
6.19 
6.25 
6.21 
6.22 


2.2-2.3 X 10-7 
1.4 x 10-7 
1.6 x 10-7 
1.2 x 10-7 


7.3-7.5 x 10-8 
8.9-9.1 X lo-' 
9.0-9.5 X lo-' 
6.9-7.8 X lo-' 


1.14 X 10-6 
1.08 X 10-6 
9.78 x 10-6 
1.00 x 10- 
8.84 X 10-6 i.aO X 10-6 
9.18 x 
9.45 x 10-6 


~~~ ~~ ~ 


a J. T. Baker Chemical Co., Phillipsburg, N. J. 6 K & K  Laboratories, Plainview, N. Y. 
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Figure 4-Release data for pyridine (pK'a = 5.47) diffusing through 
disks satirrutd with II mineral oil-acrylic resin mixture. The p H  of 
sumpling chumber wus 8.00. Numbers on lines indicate bulk p H  of 
source churnber. For this batch of lipid mixture, DL was calculated 
to be 4.2 X lo-'. 


Oil-Water Partition Coefficients ( K L H )  (Table 11)-Partition 
coefficients were obtained by equilibrating an aqueous phase (pH 
8) of the solute, at a concentration comparable to that used in 
the rate runs, with a suitable volume of the oil-polymer mixture. 
The aqueous phase was assayed before and after equilibration; the 
nature of the oil phase precluded its assay. The KLH values seemed 
to be reasonably independent of aqueous concentration, 


Lipid Diffusion Coefficient (DL)-This quantity was not directly 
measurable. A set of calibrating runs was done with the pyridines 
at pH 8, where they were essentially nonelectrolyte solutes. Equation 
8 in the previous paper (1)  was then used to solve for DL. The 
diffusion coefficient could be obtained in more complex situations 
by computer fitting. 


RESULTS 


Figures 4 and 5 show raw transport data for pyridine through the 
mineral oil-polymer and triolein-polymer mixtures, respectively. 
Lag times were on the order of 2 hr. The DL values calculated from 
this lag time value were an order of magnitude smaller than those 
obtained from steady-state rate data. However, the lag time de- 
creased to about 15 min. if the lipid disks were presoaked in plain 
buffer solution before the run; this procedure did not visibly affect 
the steady-state rate. Figure 6 shows rate-pH profiles for pyridine 
(slopes of Figs. 4 and 5). The data indicate negligible transport of 
the pyridinium ion. 


Figure 7 summarizes the results of runs for the uncharged pyri- 
dine derivatives diffusing through the lipid phase between aqueous 
phases of pH 8.00. All solutes were run at a concentration of 
M ,  except pyridine (3 x 1 0 - 2  M )  and the amyl derivative, which 


0 4  8 12 16 20 24 
t ,  HOURS 


Figure 5-Cumulative release data for pyridine transport through 
disks saturated with triolein-acrylic resin mixture. DL = 5.6 X lod7 
em.= see.-'. 


I 


3 4 5 6 7 a 
PH 


Figure 6-Summary of rate data from Figs. 4 and 5 for pyridine. 
Solid lines are: (a) titrution curves for pyridine (pK'a = 5.47)  andlor 
(6) computer-generated curves for the respeclive diffusiotl coefficients 
in the two lipidphases. 
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Figure I --Summary of data .for transport of a series of alkylated 
pyridines through the mineral oil a r y l i c  resin system. Rates are 
normoli:ed to correspond to a source compartment concetitratiotr of 
0.01 M. The abscissa is the permeability coejicietrt of the l ipid mem- 
hraw only aird is equal to (KLH)(DL)/THZ. The cplue o l th is  guantity 
is colculated using Eq. 8 of‘tlie precious paper ( I ) .  


had a solubility of 2.35 X M at pH 8. Resulting rates for 
these latter two solutes were normalized to correspond to M 
in the source compartment. Since the “experimental membrane per- 
meability coefficient” in Fig, 7 includes the lipid diffusion coef- 
ficient DL, obtained from the experimental rate and assuming the 
effect of the diffusion layers predicted by the model, the plot does 
not “prove” the model. What is directly apparent in Fig. 7, how- 
ever, is the effect of stirring rate on transport of the high partition 
coefficient solutes. The lipid diffusion coefficients derived here were 
used in further studies. 


Reasonable consistency was found in the data. For ti-amylpyri- 
dine runs a t  I50 r.p.m., given a value of 60 p for each of the aqueous 
diffusion layers (THI = TH3) and the experimental transport rate 
C, a value of 7.3 X lo-@ cm.2 sec.-] for DI., the ditfusion coefficient 
of the free base in the lipid phase, was calculated from Eq. 8 of the 
previcus paper ( I ) .  When similar runs were made at 50 r.p.m., the 
same value qf DL (7.3 X and the experimental G ,  inserted 
into Eq. 8 ( I ) ,  resulted in a calculated value o fTHl  = TH3 ranging 
from 170 to 200 p. The independently determined value of THI = 
TH3 at a stirring speed of 50 r.p.m. was 180-225 p .  


Figure 8 shows the effect of the sampling compartment pH in 
otherwise identical rate experiments with n-amylpyridine in a pH 


0 10 20 30 40 50 
MINUTES 


Figure 8-  -Diffusion of‘ amylpyridine (C = 2.25 X M )  through 
fhe mitteruf oil-arryfir resin system into aqueous phases of p H  8.00 
otrd 2.10. At! increase irr rote for the latter rase reJiects the elimitra- 
tion of [I sigtiifjrant portion of the total barrier (the right or serosal 
diffusion layer). 
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Figure 9 --The pH-rate profiles .for umylpyridine diffusing through 
the mitterd oil-acrylic resin mixture into aqueous phases of p H  8.00 
atid 2.10. Smooth curces are compriter-grrrerared lines ,for DL = 
7.3 X lo-@ crn.2 set.-'. Perfect ocerdlfittitrg was not obtained due 10 
the effect of the solute co~~ccntrat iot~ on the lipid ciscosity and, 
therefore, the diffusior~ roefticient. The top curve illustrates the pre- 
dicted situation (Brodie -Shore- Hogbetr prediction) where DL = 
7.3 X 


8.00 solution. As predicted by the model, the contribution of the 
diffusion layer on the sampling compartment side of the membrane 
is negated at  the low pH, creating pseudo-two-phase conditions. 
Since the aqueous diffusion layers are a sizable part of the total 
barrier presented to amylpyridine, with a partition coefficient of 
298, elimination of half of the total aqueous barrier increases the 
observed transport rate. About a 50% increase is seen in Fig. 8, 
indicating that the membrane still has an appreciable contribution 
to the total barrier. 


M) at various source com- 
partment pH’s, diffusing through the lipid phase into solutions of 
pH 8 and 2.10, respectively, gave the results shown in Fig. 9. The 
observed rates for transfer into pH 2.10 buffer are higher over es- 
sentially the entire source compartment pH range. Calculations for 


and the effect oJ aqueous diffusion layers is neglected. 


Runs with amylpyridine (2.25 X 
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Figure 10-Data for radiolabrled pyridine at 8.0 X M (0) 
diffusing tlirouglr the mineral oil -acrylic resin mixture from an aqueous 
phase of p H  5.10, utrd jor pyridine at the same concentration (0)  
diffusing in the presetrce of simultaneous transport of amylpyridine 
(2.10 X M, p H  5.10). 7he receptor phase in both instances was 
0.01 M HCI. The degree oJ‘Iowering (14 %) wos trot as great as pre- 
dicted by the model. 
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a system with very large buffer capacity, and therefore assuming 
that interfacial pH is equivalent to the bulk aqueous pH, show that 
all three curves in Fig. 9 would be identical for solutes with very 
low partition coefficient values. Under these experimental condi- 
tions, however, with bases having partition coefficients in the lo2- 
lo3 range, calculations showed that the upper two curves in Fig. 9 
(Brodie-Shore-Hogben prediction and the three-phase system with 
receptor phase of pH 2.10) should converge at low source phase pH 
and that the true three-barrier curve should always be below the 
other two curves. As the partition coefficient increases to very large 
values, the two-phase curve should fall below the Brodie-Shore- 
Hogben curve, which is based on a membrane barrier only. 


An apparent shift toward lower pH values for the pH 2.10 curve 
as compared to the pH 8.00 curve would be visible if the solute 
partition coefficient were high enough (5 ) .  Upon normalizing both 
lower curves in Fig. 9 to the same maximum rate, a slight shift 
(-0.1 pH unit) may be visible. For this instance, the T factor of  
Suzuki el al. ( 5 )  would be: 


(DwI(TH2) (9.45 X 10-6)(5.08 X T =  _ _ _ _ ~  = ~ 


(KLH)(THI)(Dr) (298)(1.80 X 10-2)(7.30 X lo-*) 
= 1.19 (Eq. 1) 


a value where a shift just became apparent in the two-phase model. 
M solution of tritiated pyridine13 in 0.7 M NaCl 


was adjusted to pH 5.10 with hydrochloric acid. Rate runs were 
made in the three-phase apparatus, through a disk containing the 
mineral oil-acrylic resin mixture, into pH 2.10 hydrochloric acid. 
One-milliliter samples were assayed using a liquid scintillation 
counter14. A toluene~5-octoxyno116-2,5-diphenyloxazole1~ scintilla- 
tion cocktail was used in the counting procedure. This particular 
mixture is intended for the counting of aqueous samples (6,7). 


M n-amyl- 
pyridine (nonradioactive) and the 8.0 X lop5 M tritiated pyridine, 
adjusted as before to pH 5.10. One set of data is shown in Fig. 10. 
As predicted by the model, the rate for pyridine is lowered in the 
presence of an excess of a base with a much higher partition co- 
efficient. In actuality, the degree of rate lowering (-14%) was lower 
than that predicted by the model (-4373 when the appropriate 
parameters were fed into the computer program. 


When a lipid-saturated disk was equilibrated in the apparatus 
with aqueous phases on both sides containing 2.10 X Mamyl- 
pyridine, however, and the 8.0 X M radiolabeled pyridine 
then was injected into the source chamber, the observed rate for 
pyridine transfer was some 3 0 z  greater than that for the same 
experiment without preequilibration with amylpyridine in both 
aqueous phases. It is believed that the high concentration (-0.6 M )  
of  the amyl derivative, when partitioned into the membrane, lowers 
the lipid’s viscosity and results in a lipid diffusion coefficient of 
pyridine about 3 0 z  greater than the previously determined 2.24 X 


cm.2 sec.-l. With a DL for pyridine of 3 X lo-’, good agree- 
ment between model and experiment was obtained. 


An 8.0 X 


A similar run was made with a mixture of 2.1 X 


DISCUSSION 


Two-phase in uitro systems were designed by Moore (8) and Ting 
et a/ .  (9). Three-phase apparatus were used by Rosano et al. (lo), 
Robertson and Bode ( l l ) ,  and Perrin (12) in in uitro transport 
studies. All systems shared one basic difficulty: instability of the 
interface. The V-shaped rocking apparatus, such as used by Reese 
et al. (13), was designed to minimize this turbulence, but it in- 
corporates oil-water interfaces whose areas change with time. The 
lipid phases in such systems are unreasonably large in comparison 
to the aqueous phases. Steady-state conditions are probably never 
reached; the relatively large lipid phases have the potential, if un- 
stirred, of storing most of  the solute introduced into the source 
aqueous phase, especially those substances with high partition 
coefficients. These lipid phases are most generally stirred, making 


1 3  Obtained from Amersham-Searle, Des Plaines, Ill. Specific activity 


1 4  Beckman LS 200, Beckman Instruments, Inc., Fullerton, Calif. 
l 5  J. T. Baker Chemical Co., Phillipsburg, N. J. 
16 Triton X-100, Rohm & Haas, Philadelphia, Pa. 
17 Packard Instrument Co., Inc., Downers Grove, Ill. 


was 151  mc./mmole. 


somewhat unclear the actual nature and magnitude of the lipoidal 
diffusion barrier. With rapid stirring of the lipid phase, the solute 
tends to “spill over” into the receptor aqueous phase. It is felt that 
this is not a realistic picture of the in uiuo barrier. The present ap- 
paratus does away with these difficulties by providing a more 
realistic lipid-aqueous phase volume ratio and a hydrodynamically 
stable interface. 


The experimental data obtained in this study outline the con- 
sequences of the existence of aqueous diffusion layers adjacent to 
the lipoidal membrane in the three-phase system. Without these 
additional barriers, the transport rate would be independent of 
stirring speed. Transfer rates, normalized to the same source com- 
partment solute concentration, would increase indefinitely with the 
partition coefficient18. The pH of the receptor aqueous phase would 
not affect the transfer rates of high lipid permeability coefficient 
solutes. The simultaneous transport of a high permeability solute, 
such as amylpyridine, would not slow the rate for a lower perme- 
ability weak base. It is, moreover, significant that all these effects are 
observed only when the aqueous diffusion layers represent a sig- 
nificant portion of the total barrier presented to  the diffusing solute. 


How important a role aqueous diffusion barriers play in the in 
uiuo state is yet to be determined. The buccal absorption data of 
Beckett and Moffat (14) provide some support, as do the toad 
bladder data of Rosen et al. (15). Additional verification and sup- 
port of the theory by careful in viuo studies are anticipated. 
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Synthesis of Novel Analgesic Agents IV: 
1,2-Dialkyl-3-aryl Piperidazines a n d  
1,2,3-Trialky1-3-aryl Piperidazines 


MILTON J. KORNET' and HENRY S. I. TAN* 


Abstract 0 Several members of both 1,Zdialkyl- and 1,2,3-tri- 
alkyl-3-aryl piperidazines were synthesized and investigated for 
analgesic activity. None possessed significant analgesic activity. 


Keyphrases 0 3-Aryl piperidazines, 1,Zdialkyl and 1,2,3-trialkyI- 
synthesized as potential analgesics, screened 0 Piperidazines, 3- 
substituted-syntheses of series of 1 ,2-dialkyl and 1,2,3-trialkyl 
substituted, screened as possible analgesics 0 Analgesics, poten- 
tial-synthesis of 1,2-dialkyl- and 1,2,3-trialkyl-3-aryl piperidazines, 
screened 


Recently, in the search for synthetic analgesic agents, 
attention was focused on compounds based on the 
pyrazolidine and piperidazine nuclei (1-3). Both nuclei 
contain two contiguous, basic nitrogen atoms; a pos- 
sible advantage of this characteristic was discussed in 
a previous paper (3). This study has now been extended 
to  the 3-substituted piperidazines, and the preparation 
and analgesic activity of the title compounds are the 
subjects of this paper. 


SYNTHESIS 


1,2-Dialkyl-3-aryl Piperidazines-The Diels-Alder reaction of 
dienes with azodicarboxylates provides a ready means of obtain- 
ing the A4+-dehydropiperidazine ring. By employing this reaction 
with 1-aryl 1,3-butadienes, compounds having Structure I can be 
made easily (4, 5 )  (Scheme I). 


By following the method of Baranger and Levisalles (4), 1,2- 
dicarbethoxy-3-phenyl-l,2,3,6-tetrahydropyridazine (Ia, R = H, 
R' = GH5) was prepared from l-phenyl-1,3-butadiene and di- 
ethyl azodicarboxylate. In a similar way, 1 ,Z-dicarbomethoxy-3- 
phenyl-l,2,3,6-tetrahydropyridazine (Ib, R = H, R' = CH,) and 
1,2-dicarbomethoxy-3-(rn-methoxyphenyl)- 1,2,3,6- tetrahydropyri- 


R 
/ 


R = H  o r  OCH3 


l i thium 
a luminum 


hydride 


CYCH1 NCH , 


I11 I1 
Sclieme I 


dazine (Ic, R = OCHa, R' = CHs) were also prepared in good 
yield. The diene, l-phenyl-1,3-butadiene, used in the first two 
syntheses was prepared from trans-cinnamaldehyde by the method 
of Grummit and Becker (6). l-(m-Methoxyphenyl)-l,3-butadiene 
was obtained in several steps from m-methoxycinnamic acid. The 
first step involved the conversion of the acid to its acid chloride 
by means of thionyl chloride (Scheme 11). The rn-methoxycin- 


OCHj O W 1  


a / H  


1. CH,MgCl 


2. H 3 0 +  


,c=c 
CH=CH, H \CHO 


Scheme I1 


namoyl chloride was then reduced to m-methoxycinnamaldehyde 
by means of lithium tri(tert-butoxy)aluminum hydride in diglyme 
at -70" in a manner similar to the reduction of cinnamoyl chloride 
(7). Conversion of the m-methoxycinnamaldehyde to I-(m- 
methoxyphenyl)-1,3-butadiene was accomplished by a method 
adapted from Grummit and Becker (6). 


Catalytic hydrogenation of 1,2,3,6-tetrahydropyridazines leads to 
saturation of the A4,5-double bond. In the present work, catalytic 
hydrogenation was successfully effected with 10% palladium-on- 
charcoal as the catalyst. In this way, 1,2-dicarbethoxy-3-phenyI- 
piperidazine (IIa), 1,2-dicarbomethoxy-3-phenylpiperidazine (IIb), 
and 1,2-dicarbomethoxy-3-(m-methoxyphenyl)piperidazine (IIc) 
were obtained from the corresponding tetrahydropyridazines. 


Lithium aluminum hydride reduction of IIa afforded 1,Z-di- 
methyl-3-phenylpiperidazine (IIIa). Likewise, reduction of IIc 
with lithium aluminum hydride produced 1,2-dimethyl-3-(m- 
methoxypheny1)piperidazine (IIIb). 


Demethylation of IIIb with 4 8 2  aqueous hydrobromic acid 
afforded the corresponding m-hydroxy analog (IX). Compounds 
IIIa, IIIb, and IX represent the potential analgesic agents having a 
central tertiary carbon atom. 


lY2,3-Trialkyl-3-aryl Piperidazines-Numerous examples of the 
mercuric acetate oxidation of saturated nitrogen heterocycles to 
cyclic enamines have been reported (8). A noteworthy example is the 
oxidation of 1 ,Z-dimethyl-3-phenylpyrazolidine in boiling absolute 
alcohol to afford l,f-dimethyl-3-pheny1-3-pyrazoline (9). An anal- 
ogous oxidation of the six-membered homologous piperidazines 
would be expected to afford the corresponding A3)4-dehydro com- 
pounds. Alkylation of the iminium salts derived from these ene- 
hydrazines with alkyl Grignard reagents should give 1,2,3-trialkyl- 
3-aryl piperidazines. 


Attempts to oxidize 1,2-dimethyl-3-phenylpiperidazine (IIIa) 
with mercuric acetate under various conditions were not successful. 
Refluxing IIIa with mercuric acetate in 5 %  aqueous acetic acid 
for 1.5 hr. yielded a small amount of orange-colored crystals. 
The IR spectrum showed the presence of an N-H stretching 
band at  2.92 ,u and a carbonyl stretching band at 5.98 ,u. The 
NMR spectrum showed the absence of a vinyl proton in the olefinic 


1936 0 Journal of Pharmaceutical Sciences 







region, indicating that the solid could not be the expected product. 
The product was not investigated further. When the oxidations 
were conducted in refluxing glacial acetic acid or in refluxing 
absolute alcohol, only intractable tars were obtained. However, 
stirring IIIa with mercuric acetate in 5% aqueous acetic acid at 
room temperature afforded a poor yield of a mixture consisting of 
IIIa (major component) ancl 1,2-dimethyl-3-phenyl-l,2,5,6-tetra- 
hydropyridazine (VIIa) (minor component). The latter compound 
was detected by its NMR spectrum, which exhibited an olefinic 
proton signal at 6 5.26. Because of these unrewarding results, 
this synthetic approach was abandoned. 


Recently, this laboratory (10) reported the synthesis of 1,2- 
dialkyl-3-aryl 3-pyrazolines by the reaction of aryl Grignard 
reagents with 1,2-dialkyl 3-pyrazolidinones. Based on these re- 
sults, i t  seemed plausible that the reaction of Grignard reagents 
with 1,2-dialkyl 3-piperidazinones would lead to the desired 
deh ydropiperidazines. 


The synthesis of a model compound, 1,2-diethyl-3-piperidazinone 
(V), was investigated. A successful two-step route was developed 
(Scheme 111). Treatment of two equivalents of 1,2-diethylhydra- 


CfiH, 
CzH,NHNHC2H, + B~CH2(CI12)zC02C,H, - 


0 


V 


Scheme III 


zine with one equivalent of ethyl LCbromobutanoate gave ethyl 
4-( 1,2-diethylhydrazino)butanoate (IVn). Cyclization of IVa by 
means of a catalytic amount of sodium methoxide produced 
1,2-diethyl-3-piperidazinone (V) in good yield. In a similar 
manner, ethyl 4-( 1,2-dimethylhydrazino)butanoate (IVb) was ob- 
tained from 1,2-dimethylhydrazine and ethyl 4bromobutanoate. 
Ring closure of IVb afforded 1,2-dimethyl-3-piperidazinone (VI). 


By following the method of Kornet and Tan (lo), VI was stirred 
for 137 hr. with a 2.5-fold excess of phenylmagnesium bromide 
in tetrahydrofuran. Steam distillation of the adduct in the presence 
of barium hydroxide produced 1,2-dimethyl-3-phenyl-l,2,5,6- 
tetrahydropyridazine (VIIa) (Scheme IV). Similar treatment of VI 


VI 


R 


VIII 


c n ~  C I  A 


Scheme IV 


/HC104 


with m-methoxyphenylmagnesium bromide afforded 1,Zdimethyl- 
3-(m-methoxyphenyl)-1,2,5,6-tetrahydropyridazine (VIIb). 


These 1,2,5,6-tetrahydropyridazines were obtained as colorless 
liquids. The IR spectra exhibited the C=C-N absorption at 
6.11 p,  and the NMR spectra displayed a vinyl proton triplet at 


6 5.25-5.26. A few hours after preparation, the liquids became 
pale yellow and darkened upon prolonged standing, even under 
a nitrogen atmosphere. Because of this instability, the liquids 
were converted into the corresponding perchlorates. The per- 
chlorates of both compounds were obtained as pale-yellow crystals. 
Charcoal treatment during recrystallization always resulted in 
dark-brown crystals. 


Treatment of the perchlorate of VIIa with a 14-fold excess of 
methylmagnesium chloride in tetrahydrofuran at reflux temperature 
for 100 hr. resulted in the formation of 1,2,3-trimethyl-3-phenyl- 
piperidazine (VIIIa). The alkylation was incomplete after re- 
fluxing overnight, as evidenced by the presence of the olefinic 
proton signal at 6 5.26 in the NMR spectrum of the distilled product 
mixture. Similarly, 1,2,3-trimethyl-3-(m-methoxyphenyl)piperid- 
azine (VIIIb) was obtained from VIIb and methylmagnesium 
chloride. These two compounds are representatives of potential 
analgesics containing a central quaternary carbon atom. 


Attempted demethylation of VIIIb with 48 x aqueous hydro- 
bromic acid resulted only in intractable tars. 


ANALGESIC ACTIVITY 


The analgesic activity was determined as previously described (3). 
The compounds examined included IIIa, IIIb, VIIIa, VIIIb, and IX. 
None of these exhibited significant analgesic activity. 


EXPERIMENTAL' 


1-Phenyl-l,3-butadiene-This compound was prepared by the 
method of Grummit and Becker (6), 46.7% yield, b.p. 99-100" 
(15 mm.) [lit. (6) 72-75x yield, b.p. 78-81" (8 mm.)]; IR (film): 
6.14 (diene C=C) p. 


n-Methoxycinnamoyl Chloride-A mixture of 50.0 g. (0.28 
mole) of m-methoxycinnamic acid and 25 ml. (-0.336 mole) of 
thionyl chloride was refluxed for 3 hr. The excess thionyl chloride 
was removed under reduced pressure. Anhydrous benzene was 
added to the residue, and the resulting solution was again evap- 
orated under reduced pressure. This process was repeated three 
more times. The remaining residue solidified upon scratching. 
After recrystallization from ligroin (b.p. 6&75"), 41.0 g. of tan- 
colored crystals was obtained, m.p. 40-41.5" [lit. (11) b.p. 170-175" 
(15 mm.)]. The mother liquor was evaporated under reduced pres- 
sure, and the residue was recrystallized from ligroin (b.p. 66-75") to 
afford an additional 7.8 g. of tan-colored crystals, m.p. 39-39.5"; 
IR (KBr): 5.98 (acid chloride C=O) and 6.13 (C=C) p ;  NMR 


(m, 4, ArH), 6.58 (d, 1 ,  J = 15.5 Hz., Ar-CH=C), and 3.83(s, 3, 
OCHI). The total yield was 88.7%. 


m-Methoxycinnamaldehyde--The method of Brown and Subba 
Rao (7) for the preparation of cinnamaldehyde was adapted to 
synthesize this aldehyde. m-Methoxycinnamoyl chloride (48.8 g., 
0.248 mole) was dissolved in 125 ml. of dried and freshly distilled 
diglyme (12) and placed in a reaction flask. The flask was flushed 
with dry nitrogen and cooled to --75" in a dry ice-acetone bath. 
To the cooled solution was added dropwise over 90 rnin. a solu- 
tion of 62.97 g. (0.248 mole) of lithium tri(tert-butoxy)aluminum 
hydride in 250 ml. of dried and freshly distilled diglyme. The rate 
of addition was regulated in such a manner that the temperature 
of the reaction mixture was always below -70". The cooling bath 
was removed, and the mixture was allowed to warm to room tem- 
perature. The contents were poured onto 500 g. of crushed ice, and 
the resulting mixture was filtered through a phase-separating filter 
paper by suction. The filter was washed with ether, and the filtrate 
was extracted three times with 100-ml. portions of ether. The com- 
bined ether solution was dried, filtered, and concentrated under 
reduced pressure. The residue was distilled and afforded 20.67 g. 
(51.4%) of a pale-yellow oil, b.p. 106" (0.15 mm.) [lit. (13) b.p. 
87-89' (0.0005 mm.)]; IR (film): 5.97 (aldehyde C=O) and 6.14 


(CDCII): 6 7.78 (d, 1, J = 15.5 Hz., C=CH-COCI), 6.86-7.52 


(C=C) p ;  NMR (CDCII): 6 9.78 (d, 1, J = 7.5 Hz., CHO), 6.32- 


* Melting points were determined with a Fisher-Johns apparatus. 
All melting points are corrected, whereas boiling points are uncorrected. 
IR spectra were obtained on a Beckman IR-8 spectrophotometer. NMR 
spectra were determined on a Varian A-60A spectrometer, using tetra- 
methylsilane as the internal reference for solutions in organic solvents. 
Microanalyses were performed by Dr. Kurt Eder, Geneva, Switzer- 
land. Magnesium sulfate was employed as the drying agent. 
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7.22 (m, 6, ArH, including one ArCH--C=C doublet at 7.53, 
J = 16 Hz., and the C==CH-CHO signal as two doublets at 6.87 
and6.60,J = 7.5 Hz.),and 3.86(s, 3, OCH,). 


l-(m-Methoxyphenyl)-lJ-butadiene-This diene was prepared 
in a manner similar to that described for the preparation of 1- 
phenyl-1,3-butadiene (6). From a mixture of 20.0 g. (0.123 mole) of 
m-methoxycinnamaldehyde and 43.5 ml. (0.126 mole) of 2.85 M 
methylmagnesium chloride in tetrahydrofuran, which was diluted 
with 45 ml. of anhydrous ether, there was obtained 15.34 g. of a 
cloudy oil, b.p. 114-118" (1.8 mm.). The product was dried with 
anhydrous potassium .carbonate, decanted, and again distilled 
into a receiver containing 75 mg. of N-phenyl-8-naphthylamine to 
afford 12.90 g. (67.3z) of a colorless oil, b.p. 90-93" (0.70 mm.); 
n:.' 1.6010; IR (film): 6.11 (diene C=C) p ;  NMR (CDCI,): 6 


Anal.z-Calc. for Cl1H1?O: C, 82.46; H, 7.55. Found: C, 81.35, 
80.75; H, 7.35,7.50. 
1,2-Dicarbethoxy-3-phenyl-l,2,3,6-tetrahydropyridazine (1a)-A 


solution of 15.1 g. (0.087 mole) of diethyl azodicarboxylate in 25 
ml. of dry benzene was added dropwise to  a solution of 11.3 g. 
(0.087 mole) of I-phenyl-1,3-butadiene in 25 ml. of dry benzene, 
with stirring, at  reflux temperature under a nitrogen atmosphere. 
After the addition was complete, the reaction mixture was refluxed 
for 3 hr. and then allowed to stand overnight a t  room temperature. 
The solvent was removed under reduced pressure, and the residue 
was distilled to afford 14.32 g. (54.373 of a viscous yellow oil, b.p. 
148-150" (2.3 mm.). The oil solidified upon standing, m.p. 45-46' 
[lit. (4) yield 88%, m.p. 47-48"]; 1R (film): 5.86 (urethan C=O) 
and 6.11 (C=C) 1.1; NMR (CDCI,): 6 7.12-7.79 (m, 5, ArH), 5.75- 
7.05 (m, 3, Ar-CH-CH=CH), 3.32-4.83 (m, 6), 1.28 (t, 3, C- 
CH,), and 0.78 (t, 3, C-CH,). 


1,2-Dicarbomethoxy-3-phenyl-l,2,3,6-te~ahydropyridazine (1b)- 
This compound3 was obtained, in a manner similar to  that de- 
scribed for Ia, from 30.7 g. (0.21 mole) of dimethyl azodicarboxyl- 
ate and 27.8 g. (0.21 mole) of l-phenyl-l,3-butadiene in 112 ml. of 
dry benzene. Distillation afforded 32.88 g. (56.7%) of a viscous 
yellow oil, b.p. 158-160" (1.3 mm.); n2.O 1.5295; IR (film): 5.85 
(urethan C=O) and 6.11 (C=C) p ;  NMR (CDCI,): 6 7.33-7.90 
(m, 5, ArH), 5.84-6.45 (m, 3, A:-CH-CH=CH), and 3.17-5.02 
(m, 8, including singlets at 3.88 and 3.27 due to the NC0?CH3 
protons). 


Anal.-Calc. for ClaH1,N2O4: C, 60.86; H, 5.84; N, 10.14. 
Found: C, 60.73; H,  5.78; N, 10.04. 


1,2-Dicarbomethoxy-3-( m-methoxyphenyl)-l,2,3,6-tetrahydropyr- 
idazine ( I cFTh i s  compound was obtained, in a manner sim- 
ilar to that described for Ia, from 11.68 g. (0.08 mole) of dimethyl 
azodicarboxylate and 12.95 g. (0.08 mole) of 1-(mmethoxypheny1)- 
1,3-butadiene in 43 ml. of dry benzene. Distillation of the reaction 
product gave 14.88 g. (60.8%) of a viscous yellow oil, b.p. 169" 
(0.50 mm.); n?.' 1.5344; IR (film): 5.85 (urethan C=O) and 6.11 
(C=C) p ;  NMR (CDCI,): 6 6.83-7.66 (m, 4, ArH), 5.75-6.38 (m, 
3, Ar-CH-CH=CH), and 3.2C-4.91 [m, 11, including a singlet 
at  3.86 (ArOCH, and NCO,CH,) and a singlet at 3.33 (NCOt- 
CHdI. 


And-Calc. for CIaHlsNzOs: C, 58.82; H,  5.92; N, 9.15. Found: 
C, 58.85; H, 5.86; N, 9.13. 
1,2-Dicarbethoxy-3-phenylpiperidazine (11~)-A solution of 14.32 


g. (0.047 mole) of la in 71 ml. of 95% ethanol was hydrogenated 
overnight over 0.57 g. of 10% palladium-on-charcoal catalyst at  an 
initial pressure of 56 p.s.i. at room temperature in a Parr apparatus. 
The mixture was filtered, and the solvent was removed under re- 
duced pressure. Absolute alcohol was added to the residue, and the 
resulting solution was evaporated under reduced pressure to en- 
sure complete removal of water. The residue was distilled and af- 
forded 12.57 g. (87.4%) of a colorless viscous oil, b.p. 152-154" 
(0.30 mm.), IZ:.' 1.5100 [lit. (14) b.p. 210-212" (15 mm.), 
1.51641; IR (film): 5.86 (urethan C=O), no absorption at 6.11 
(C=C) p ;  NMR (CDCI,): 6 7.19-7.76 (m, 5, ArH), 5.34-5.68 (m, 
1,  ArCH), 2.87-4.56 (m, 6), and 1.01-2.39 (m, 10, including two 
C-CH, triplets at 1.17 and 1.28). 


1,2-Dicarbomethoxy-3-phenylpiperidazine (1Ib)-A solution of 
27.0 g. (0.098 mole) of Ib in 150 ml. of 95% ethanol was hydroge- 


3.87 ( S ,  3, OCH,). 


2 A satisfactory analysis could not be obtained for this compound; 
however, the adduct obtained from this diene and dimethyl azodicar- 
boxylate gave satisfactory analytical data. 


3 Refererice 5 gives only NMR data for this compound; other physi- 
cal constants and analytical data are not reported. 


nated for 3 hr. at  room temperature over 1.2 g. of 10% palladium- 
on-charcoal catalyst at an initial pressure of 56 p.s.i. in a Parr ap- 
paratus. The mixture was filtered, and the solvent was removed 
under reduced pressure. Benzene was added to the residue, and the 
resulting solution was evaporated under reduced pressure. The 
residue was distilled and produced 25.39 g. (93.373 of a colorless 
viscous oil, b.p. 153-154" (0.40 mm.); 11:' 1.5270; IR (film): 
5.86 (urethan C=O) p ,  no absorption at 6.11 (C=C) p ;  NMR 
(CDCI,): 6 7.30-7.86 (m, 5, ArH), 5.44-5.74 (m, 1, Ar-CH), 2.92- 
4.44 (m, 8, including NC02CH3 singlets at 3.88 and 3.65), and 
1.36-2.45 (m, 4, ArC-CH?-CH2). 


Anal.-Calc. for ClrH18N20r: C, 60.42; H, 6.52; N, 10.07. 
Found: C,60.46; H, 6.68; N, 10.03. 
1,2-Dicarbomethoxy-3-(m-methoxyphenyl)piperidazine (11~)- 


This compound was obtained, in a manner similar to that described 
for 116, from 13.46 g. (0.044 mole) of Ic in 70 ml. of 95% ethanol over 
0.55 g. of 10 % palladium-on-charcoal catalyst at  room tempera- 
ture at  an initial pressure of 56 p.s.i. Distillation of the reaction pro- 
duct gave 10.90 g. (80.4%-) of a colorless viscous oil, b.p. 175" (0.70 
mm.); nz .2  1.5330; IR (film): 5.86 (urethan C=O) p, no absorption 
at  6.11 (C=C) p ;  NMR (CDClJ: 6 6.90-7.70 (m, 4, ArH), 5.48- 
5.85 (m, 1, Ar-CH-N), 3.02-4.52 [m, 11, including singlets at 
3.94 (ArOCH, and NCOZCH3) and 3.75 (NC02CH,)J, and 1.38- 
2.42 (m, 4, Ar-CH-CH2-CH2). 


Anal.-Calc. for Cl5H20N2O5: C, 58.43; H, 6.54; N, 9.09. Found: 
C, 58.54; H, 6.58; N, 9.07. 


1,2-Dimethyl-3-phenylpiperidazine ( I I I a F A  solution of 39.78 
g. (0.13 mole) of 110 in 40 ml. of anhydrous ether was added drop- 
wise to a stirred suspension of 14.78 g. (0.39 mole) of lithium alu- 
minum hydride in 185 ml. of anhydrous ether over 2 hr. After the 
addition was complete, the mixture was stirred at room temperature 
for 18 hr., cooled in an ice bath, and decomposed with 40% aque- 
ous potassium hydroxide solution. The ether was decanted, and the 
inorganic sludge was extracted with four 35-ml. portions of ether. 
The combined ether solution was dried, filtered, and evaporated 
under reduced pressure. Distillation of the residue afforded 23.05 
g. (93.373 of a colorless liquid, b.p. 136-137" (12 mm.); nz-' 
1.5343; 1R (film): no absorption at  5.86 (urethan C=O) 1.1; NMR 
(CDCI,): 6 7.18-7.60 (s with shoulders, 5, ArH), 3.52-3.84 (m, 1, 
Ar-CH), 2.74-3.10 (m, 2, NCH?), 2.57 (s, 3, NCH,), 2.19 (s, 3, 
NCH,), and 1.43-2.10(m, 4, Ar-CH-CH2-CH?). 


Anal.-Calc. for CIZHISN~: C, 75.74; H, 9.53; N, 14.72. Found: 
C, 75.72; H, 9.43; N, 14.63. 


A hydrochloride derivative was prepared and recrystallized from 
absolute ethanol-ether, m.p. 170-171.5". 


Anal.-Calc. for Cl?H1,CIN?: C, 63.55; H, 8.46; N, 12.36. Found: 
C,63.52;H,8.55;N, 12.36. 


1,2-Dimethyl-3-( rn-methoxyphenyl)piperidazine(IIIb)-This com- 
pound was obtained, in a manner similar to that described for 
IIIa, from 10.0 g. (0.032 mole) of IIc and 3.64 g. (0.096 mole) of 
lithium aluminum hydride in 95 ml. of anhydrous ether. The addi- 
tion required 1 hr., and the duration of stirring was 18 hr. at 
room temperature. After workup and distillation, 4.61 g. (65.5%) 
of a colorless oil was obtained, b.p. 102-104" (0.15 mm.); 12$.' 


1.5365; 1R (film): no absorption at 5.86 (urethan C=O) p ;  NMR 
(CDCI,): 6 6.83-7.65 (m, 4, ArH), 3.53-4.24 (m, 4, Ar-CH-N 
and the OCH, protons as a singlet at  3.89), and 1.39-3.18 (m, 12, in- 
cluding the NCH, singlets at 2.61 and 2.24). 


Anal.-Calc. for C13H20N20: C, 70.87; H, 9.15; N, 12.72. Found: 
C, 71.01; H, 9.17; N, 12.69. 


A picrate derivative was prepared and recrystallized from absolute 
alcohol, m.p. 145.5-146.5". 


Anal.-Calc. for C13H?,N50s: C, 50.78; H, 5.16; N, 15.58. 
Found: C, 50.82; H, 4.99; N, 15.76. 


Ethyl 4-Bromobutanoate-This compound was obtained by modi- 
fying the procedure of Avison and Morrison (15). To 180 ml. of 
4 8 2  aqueous hydrobromic acid was added dropwise 129 g. (1.50 
moles) of 7-butyrolactone. with stirring and ice cooling. After the ad- 
dition was complete, the solution was refluxed for 16 hr. and cooled 
in an ice bath. Two hundred milliliters of water was added cau- 
tiously. The mixture was extracted once with 200 ml. of ether and 
four times with 50-ml. portions of ether. The combined ether solu- 
tion was extracted once with 50 ml. of water, dried, and filtered, 
and the ether was removed under reduced pressure. After the resi- 
due was dried thoroughly by dissolution in benzene and repeated 
evaporation under reduced pressure, the residual 4-bromobutyric 
acid was obtained as a yellow-brown oil (72.5 g.). To this crude acid 
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was added carefully 70 ml. of thionyl chloride. The mixture was 
refluxed for 2 hr., and the excess thionyl chloride was removed 
under reduced pressure. The remaining oil was treated cautiously 
with 50 ml. of absolute alcohol with ice bath cooling and frequent 
shaking. When the reaction subsided, the solution was allowed to 
warm up to room temperature. After an additional 2 hr., it was 
poured into 75 ml. of ice water. The mixture was extracted once 
with 100 ml. of ether and twice with 75-ml. portions of ether. The 
combined ether solution was dried, filtered, and concentrated under 
reduced pressure. Distillation of the residue yielded 73.2 g. (87.3%) 
of a colorless oil, b.p. 102-104" (28 mm.) [lit. (15) b.p. 83-85" (13 
mm.)]; IR (film): 5.78 (ester C=O) p ;  NMR (CDCI,): 6 4.21 (q, 
2, OCH,), 3.50 (t, 2, Br-CH,), 1.87-2.75 (m, 4, CH,), and 1.27 


Ethyl 4-(1,2-Diethylhydrazino)butanoate (Nu)-To a solution 
of 17.6 g. (0.20 mole) of 1,Zdiethylhydrazine in 50 ml. of dry ben- 
zene was added dropwise a solution of 19.5 g. (0.10 mole) of ethyl 
4-bromobutanoate in 17 ml. of dry benzene with stirring and cool- 
ing. After the addition was complete, the reaction mixture was 
refluxed for 3 hr. An oil layer separated after 20 min. of reflux. 
The mixture was allowed to stand overnight at room temperature. 
The benzene layer was separated, and the oil layer was extracted 
with two 15-ml. portions of benzene. The combined benzene ex- 
tract was dried, filtered, and concentrated under reduced pressure. 
Distillation of the residue produced 10.04 g. (49.7%) of a colorless 
oil, b.p. 133-135" (28 mm.); ~i',?.? 1.4400; IR (film): 5.76 (ester 
C=O) p ;  NMR (CDCl,): 6 4.14 (q, 2, OCH,), 1.52-3.83 (m, l l ) ,  
and 0.88-1.49 (m, 9, three overlapping triplets due to  the N-C- 
CHI and 0-C-CH, protons). 


And-Calc. for CloHzzN202: C, 59.37; H, 10.96; N, 13.85. 
Found: C, 59.47; H, 11.04; N, 13.99. 
Ethyl 4-(1,2-Dimethylhydrazino)hutanoate (1Vb)-To a solution 


of 24.0 g. (0.40 mole) of 1,2-dimethylhydrazine in 200 ml. of dry 
benzene was added dropwise a solution of 39.0 g. (0.20 mole) of 
ethyl 4-bromobutanoate in 40 ml. of dry benzene with stirring and 
cooling. After completion of the addition, the mixture was stirred 
overnight, refluxed for 6 hr., and allowed to  stand for 2 days in the 
refrigerator. The oil layer, which separated during the stirring, 
solidified. The benzene layer was decanted, and the solid was re- 
peatedly extracted with benzene. The benzene extracts were com- 
bined and concentrated under reduced pressure. Distillation of 
the residue gave 26.56 g. (76.3%) of a colorless oil, b.p. 94-96" 
(9 mm.); it:' 1.4360; IR (film): 5.17 (ester C=O) p ;  NMR 
(CDCI,): 6 4.15 (q,2, OCH,), 1.56-2.76 (m, 13, including two NCH, 
singlets at 2.43 and 2.55), and 1.26 (t, 3, C-CHI). 


And-Calc. for C8HI8N2OP: C, 55.15; H, 10.41; N, 16.08. 
Found: C, 55.05; H, 10.06; N, 16.04. 
1,2-Diethyl-3-piperidazinone ( V h A  solution of 5.05 g. (0.025 


mole) of IVa in 41 ml. of hexane was refluxed for 1 hr. under a 
Dean-Stark tube. Only 0.05 ml. of water was collected. The mixture 
was cooled, the Dean-Stark tube was removed, and 100 mg. of 
sodium methoxide was added. The mixture was refluxed for 23 
hr., cooled, diluted with 40 ml. of ethtr, dried, and filtered. The 
solvents were removed under reduced pressure, and the residue 
was distilled to yield 2.92 g, (74.973 of a colorless oil, b.p. 139- 
141" (28 mm.); n2d.l 1.4739; IR (film): 6.09 (amide C=O) p ;  
NMR (CDCl,): 6 3.54 (q, 2, CO-NCH,), 1.68-3.28 (m, 8, in- 
cluding a quartet due to the N<H2-CH3 protons at  2.93), 1.17 
(t, 3, NCHz-CH3), and 1.12 (t, 3, NCHz-CH3). 


Anal.-Calc. for CsHlaNnO: C, 61.51; H, 10.22; N, 17.93. Found: 
C, 61.38; H, 10.47; N, 17.78. 
1,2-Dimethyl-3-piperidazinone (V1)-This compound was pre- 


pared, in a manner similar to that described for V, from 26.5 g. 
(0.152 mole) of 1Vb and 600 mg. of sodium methoxide in 135 ml. 
of hexane. Distillation of the product afforded 15.38 g. (78.8%) 
of a colorless oil, b.p. 100-104" (9 mm.); 1 1 : ~  1.4332; IR (film): 
6.10 (amide C=O) p ;  NMR (CDCI,): 6 1.73-3.35 (m, 12, including 
two NCH, singlets at 3.09 and 2.66). 


Anal.-Calc. for CsH,,NzO: C, 56.23; H, 9.44; N, 21.86. Found: 
C, 56.31 ; H,9.50; N, 22.11. 
rn-Bromoanisole-To a stirred solution of 50 g. (0.29 mole) of 


rn-bromophenol in 159 ml. of 2 N NaOH was added dropwise 27.6 
ml. (9.29 mole) of dimethyl sulfate at 40-45'. When the addition 
was complete, the mixture was stirred for 5 min. An 80-ml. portion 
of 2 N NaOH was added in one lot, and then 18.3 ml. (0.145 mole) 
of dimethyl sulfate was added dropwise as before, except that the 
temperature was allowed to  rise to  50". Stirring was continued for 


(t, 3, C-CHJ. 


30 min. at  50°, and the pH of the mixture was tested frequently to  
make sure that it remained on the alkaline side. The mixture was 
cooled, and the organic layer was extracted three times with 50-ml. 
portions of ether. The combined ether extract was dried and 
filtered, and the ether was removed under reduced pressure. Distilla- 
tion of the residue produced 54.3 g. (1005;) of a colorless oil, b.p. 
85-87.5" (9 mm.) [lit. (16) b.p. 210-211" (752 mm.)]; IR (film): 
9.58 (ether C-0-C) w ;  NMR (CDC13): 6 6.71-7.50 (m, 4, ArH) 
and 3.79(s, 3,OCH,). 
1,2-Dimethyl-3-phenyI- 1,2,5,6-tetrahydropyridazine (V11u)- 


Phenylmagnesiuni bromide was prepared by dissolving 29.67 g. 
(0.189 mole) of bromobenzene in 60 ml. of tetrahydrofuran and 
adding 30 ml. of this solution to 4.54 g. (0.189 g. atom) of mag- 
nesium. As soon as the reaction began, the remaining bromoben- 
zene solution was added dropwise. After the addition was complete, 
the mixture was refluxed for 20 min. Thic; Grignard reagent was 
cooled to room temperature, and a solution of 7.00 g. (0.054 mole) 
of VI in 20 ml. of dry tetrahydrofuran was added dropwise. The 
mixture was stirred for 137 hr. at room temperature and decom- 
posed with saturated aqueous ammonium chloride. The tetrahy- 
drofuran was decanted, the inorganic sludge was extracted with 
three 20-ml. portions of tetrahydrofuran, and the combined tetra- 
hydrofuran solution was concentrated under reduced pressure. 
The remaining residue was subjected to steam distillation in the 
presence of excess barium hydroxide. Approximately 250 ml. of 
distillate was collected. The distillate was covered with 30 ml. of 
ether and saturated with solid potassium hydroxide with ice bath 
cooling and stirring. The ether was separated, and the aqueous 
phase was extracted three times with 25-ml. portions of ether. The 
combined ether solution was dried, filtered, and concentrated under 
reduced pressure. Distillation of the residue gave 2.52 g. (24.8 %) of a 
colorless oil, b.p. 1255127.5" (10 mm.); rr:' 1.5680; IR (film): 
6.12 (&C-N) p ;  NMR (CDCl,): 6 7.23--7.83 (m, 5, ArH), 5.26 
(t, 1, J = 4 Hz., vinyl H), 2.99 (t, 2, N-CH,), 2.57 (s, 6, NCH,), 
and 1.74-2.32 (m, 2, CLCH-CHZ). The oil darkened on standing, 
even under a nitrogen atmosphere. 


A perchlorate derivative was prepared. Recrystallization from 
absolute alcohol afforded pale-yellow crystals, m.p. 104-106". An 
analytical sample was obtained from twice-recrystallized material, 
m.p. 102-105". 


Am/.-Calc. for Cr~H17ClNz04: C, 49.91; H. 5.95; N, 9.70. 
Found: C, 49.97; H, 6.06; N, 9.79. 
1,2-Dimethyl-3- (rn -methoxyphenyl) - 1,2,5,64etrahydropyridazine 


(VI1b)-This compound was obtained, in a manner similar to that 
described for VIIa, from 14.33 g. (0.11 mole) of VI in 36 ml. of dry 
tetrahydrofuran and m-methoxyphenylmagnesium bromide [pre- 
pared from 72.0 g. (0.385 mole) of m-bromoanisole and 9.24 g. 
(0.385 g. atom) of magnesium in 122 ml. of dry tetrahydrofuran 
by the procedure described for the preparation of phenylmagnesium 
bromide]. The mixture was stirred for 125 hr. at room temperature. 
After workup, about 1000 ml. of steam distillate was collected. 
Extraction of this distillate and distillation iof the residue afforded 
5.52 g. (23.0%) of a colorless oil, b.p. 109.5~-112" (0.12 mm.); rz:.' 
1.5613; IR (film): 6.11 (C=C-N) p ;  NMR. (CDCI,): 6 6.68-7.41 
(m, 4, ArH), 5.25 (t. 1, J = 4 Hz., vinyl II), 3.82 (s, 3, OCH,), 
2.97 (t, 2, NCH2), 2.57 (s, 3, NCH,), 2.54 (s, 3, NCH,), and 1.92- 
2.38 (m, 2, C=CH-CHJ). The oil darkened on standing, even 
under a nitrogen atmosphere. 


Arid.-Calc. for C l s H l ~ N ~ O :  C, 71.53; H, 13.31; N, 12.83. Found: 
C, 71.56; H, 8.24; N, 12.77. 


A perchlorate derivative was prepared. Recrystallization from 
absolute alcohol afforded pale-yellow crystals. An analytical sample 
was obtained from twice-recrystallized material, m.p. 104-105.5". 


And-Calc. for C,3H,,CIN~0r,: C, 48.99; H, 6.01; N, 8.79. 
Found: C, 49.01 ; H, 6.20; N, 8.88. 
1,2,3-Trimethyl-3-phenylpiperidazine (VIIIo)-A solution of 33.1 


ml. (0.096 mole) of 2.85 M methylmagnesium chloride in tetrahy- 
drofuran was diluted with 18 ml. of dry tetrahydrofuran. To the 
resulting solution was added portionwise 1.85 g. (0.0064 mole) 
of the perchlorate salt of VIIa over 4 min. The mixture was re- 
fluxed for 100 hr., cooled, decomposed with saturated aqueous 
ammonium chloride, and evaporated to dryness under reduced 
pressure. The residue was suspended in 35 ml. of ether and made 
strongly alkaline with 40z aqueous potassium hydroxide and the 
ether was decanted. The sludge was extracted with three 25-ml. 
portions of ether. The combined ether solution was dried, filtered, 
and concentrated under reduced pressure. Then the residue was 
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distilled and produced 0.5 g. (38.5x) of a yellow oil, b.p. 80-83" 
(0.27 mm.); n:' 1.5165; IR (film): no absorption at 6.12 (C== 
C-N) p ;  NMR (CDCI,): 6 6.95-7.73 (m, 5, ArH) and 0.67-3.10 
(m, including two NCHB singlets at 2.27 and 2.40, and a C-CH, 
singlet at 1.30). The oil was converted into the picrate which was 
purified by recrystallization from absolute alcohol. The yellow 
solid melted at 162-163.5". 


And.-Calc. for C1~H23N507: C, 52.65; H, 5.35; N, 16.16. Found: 
C, 52.84; H, 5.30; N, 16.14. 


1,2,3-Trimethyl-3-(rn-methoxyphenyl)piperidazine (VII1b)-This 
compound was obtained in a manner similar to that described for 
VIIIa from 5.80 g. (0.0182 mole) of the perchlorate salt of VIIb 
and 94.1 ml. (0.273 mole) of 2.85 M methylmagnesium chloride in 
tetrahydrofuran. The mixture was refluxed for 120 hr. After workup, 
the product was distilled to afford 1.86 g. (36.8 %) of a yellow oil, 
b.p. 110-113" (0.30 mm.); n2.3 1.5323; IR (film): no absorption 
at  6.11 (C==C-N) p ;  NMR (CDCI,): 6 6.54-7.48 (m, 4, ArH), 
3.77 (s, 3, OCH,), and 0.763.37 (m, 15, including singlets at 2.38, 
2.26, and 1.26 due to NCHI, NCHI, and C-CH, protons, respec- 
tively). 


Anal.-Calc. for CI~HZ~NZO: C, 71.76; H, 9.46; N, 11.95. Found: 
C, 71.88; H, 9.33; N, 11.81. 


The picrate derivative was recrystallized from absolute alcohol, 
m.p. 128.5-130.5". 


Anal.-Calc. for CZOHZ,N~O~: C, 51.83; H, 5.44; N, 15.11. Found: 
C, 51.84; H, 5.33; N, 15.07. 


A methiodide derivative was also prepared and recrystallized 
from isopropyl alcohol, m.p. 174.5-176.5". 


Anal.-Calc. for C,jHzJNzO: C, 47.88; H, 6.70; N, 7.44. Found: 
C.47.90: H, 6.75; N. 7.62. 


1,2-Dimethyl-d-(~-hydroxyphenyl)piperidazine (1X)-A solu- 
tion of 2.0 g. (0.009 mole) of IIIb in 9.7 ml. of 48 aqueous hydro- 
bromic acid was refluxed for 1 hr. under a nitrogen atmosphere. 
The mixture was evaporated to dryness under reduced pressure. 
The residue was suspended in 5 ml. of water, made alkaline with 
solid potassium carbonate, and saturated with solid sodium chlo- 
ride. The mixture was extracted with three 10-ml. portions of chloro- 
form. The combined chloroform solution was dried, filtered, and 
concentrated under reduced pressure. Distillation of the residue 
afforded 1.12 g. (60.5x) of a viscous liquid, b.p. 140-142" (0.10 
mm.), which solidified in the receiver. The solid was sublimed 
at 85" (0.05 mm.) and afforded the pure product, m.p. 50-52"; 
IR (KBr): 2.93 (phenolic OH) p ;  NMR (CDCIJ: 6 6.62-7.70 (m, 5,  
ArH and ArOH) and 1.26-4.34 (m, 13, including two NCH, 
singlets at 2.64 and 2.25). 


Anal-Calc. for C12H18N20: C, 69.87; H, 8.80; N, 13.58. Found: 
C, 70.01; H, 8.73; N, 13.61. 


The methiodide derivative was recrystallized from absolute 
alcohol, m.p. 215-218" dec. 


Anal.-Calc. for C13H211N~0: C, 44.84; H, 6.08; N, 8.04. Found: 
C,44.95;H,6.26;N,8.16. 
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Drug Input Optimization: Bioavailability-Effected Time-Optimal 
Control of Multiple, Simultaneous, Pharmacological 
Effects and Their Interrelationships 


VICTOR F. SMOLEN*., BRUCE D. TURRIEt, and WILLIAM A. WEIGANDt 


Abstract 0 Engineering control systems analysis and optimization 
techniques are developed, applied, and described with respect to 
their potential for providing rational approaches and quantitive 
criteria for such centrally important pharmaceutical problems as: 
(a )  the evaluation and time-optimal, dynamic control of the ther- 
apeutic performance of drugs, drug products, and interacting drug 
combinations; (b )  the optimal design of the dynamic drug release 
behavior of drug dosage forms; and (c )  patient-individualized 
determination of optimal drug dosage regimens. A functional 
analysis approach is exemplified by the computation of a time- 
optimal drug input, which could be achieved by an appropriate 
mode of drug administration, which elicits optimally controlled 
time variations of drug-induced multiple, simultaneously occurring, 
pharmacological effects. A computer simulation is performed to 
exemplify the manner in which an ideally sought level of therapeutic 
response intensity may be achieved as rapidly as possible without 
exceeding predetermined safe and tolerable levels of adverse drug 
effects. The significance and manner of determination of “single- 
dose” dose-effect relationships are exemplified, and their significance 
with respect to patient-individualized drug dosage regimens is 
discussed. The manner in which time variations of drug effects can 
be interrelated with themselves and plasma drug levels is elucidated. 


Keyphrases 0 Drug input dynamics-relationship of input func- 
tions to time variations of multiple pharmacological effects, com- 
puter simulation 0 Optimal drug input functions-relationship to 
time variations of multiple pharmacological effects, computer 
simulation 0 Computer simulation-time-optimal control of drug 
input 0 Pharmacokinetics--drug input optimization, computer 
simulation 


It can occur that a drug is completely available to the 
systemic circulation yet is entirely ineffective with re- 
spect to the induction of therapeutic effects; this phe- 
nomenon is a consequence of an inadequate access of 
the drug to location(s) in the body, called the biophase, 
that contains the site(s) of action for the drug. These 
considerations emphasize the importance of the concept 
of “biophasic drug availability” (1-9) as contrasted to  
systemic or “physiological drug availability” (10). 
Therefore, a principally important consideration in the 
selection of routes of administration, dosage regimens, 
and drug release characteristics of dosage forms, all of 
which largely determine the time course of drug input 
into the system, is the manner in which the resulting 
drug input uersus time profile influences the biophasic 
drug level uersus time profiles; these, in turn, determine 
the time variation of the intensities of drug responses. 
The profound influence of drug inputs (i.e.,  cumulative 
amounts absorbed uersus time profiles) on drug disposi- 
tion and pharmacological response-time profiles has 
been demonstrated ( 5 ) .  All of a drug’s response char- 
acteristics, including the time of onset of drug action, 
the duration of effect, maximal response intensity, time 
of maximal response, duration of maximal effect, rate 
of dissipation of effect, and dose-response efficiency 
(defined as the area under a response-time curve nor- 


malized to unit dose), are affected by the manner in 
which the drug becomes bioavailable. 


Drugs seldom produce singularly sought specific 
therapeutic effects but, instead, generate simultaneously 
occurring multiple pharmacological responses. Al- 
though a drug input may closely induce an ideally 
sought time variation of a therapeutic response, it may 
concomitantly induce magnitudes of adverse drug re- 
sponses which are intolerable. Taking into account this 
consideration, an optimal drug input may be defined as: 
“a time variation of cumulatively administered drug 
that produces a response uersus time profile which ap- 
proaches a preselected ideally sought therapeutic re- 
sponse-time profile as closely as possible without ex- 
ceeding predetermined, safely allowable limits of any 
concomitantly occurring adverse drug reactions.” This 
type of pharmacological response behavior may be de- 
fined as maximally therapeutically efficient. Drug stan- 
dards in the form of ideal response uersus time profiles 
and the limits of safe toleration of adverse effects may, 
of course, best be prescribed for any particular drug by 
a pharmacokineticist, pharmacologist, toxicologist, and 
clinician team having a background of knowledge and 
experience with the particular drug of interest. 


The present report describes a typical time-optimal 
control of drug input problem, which was studied 
through simulation using the CDC 6500 digital com- 
puter. The problem may be stated as follows: “Deter- 
mine the cumulative drug input dynamics required to 
obtain an SOz of maximal therapeutic response, desig- 
nated A ,  in a minimal time without exceeding toxic 
response intensities of 50, 40, and 2 0 z  for responses 
B, C, and D, respectively.” There were not sufficient 
multiple pharmacological response data available for 
any single drug to  illustrate this drug input optimization 
for maximal therapeutic efficiency problem for an actual 
drug. However, the procedure was exemplified by syn- 
thesizing a hypothetical drug system using four different 
experimental pharmacological response results pre- 
viously observed with three different drugs; it was as- 
sumed that the hypothetical drug produced these re- 
sponses simultaneously. One response, A ,  was arbi- 
trarily selected to be the sought therapeutic response to 
be brought up to and maintained at SO% of its maximal 
intensity in as short a time as possible without exceeding 
what was arbitrarily designated as three other toxic 
responses at levels of 50, 40, and 2 0 z .  The system, as 
well as the therapeutic and toxic levels of response in- 
tensity, was chosen almost entirely at random so as not 
to bias the successful or unsuccessful application of the 
approach. The parameters describing the dynamics and 
drug response behavior of the hypothetical system are 
based on values obtained experimentally in this labora- 
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tory; therefore, such dynamic and drug response be- 
havior could well be obtained in actual practice with a 
real drug system. 


THEORETICAL 


The principal objective of pharmacokinetic research concerns 
the development of mathematical model descriptions of the dy- 
namics of drug transference and drug effects in pharmacologically 
responding systems. For such developments to be of maximal prag- 
matic value to the development of drug products of optimal quality 
and the computation of drug dosage regimens, the elucidation of 
the pharmacokinetic systems behavior must allow the prediction 
of the time course of drug-induced biological response(s) as a 
function of the manner in which the drug is made available to the 
biological system. 


There are basically two approaches to effecting a measure of 
control over the biological response behavior of a drug. One con- 
ceivable approach may be to attempt to control the disposition of 
the drug in the body or to modulate the physiological activity of 
the drug after it is introduced into the system (1 I ) .  However, ex- 
cept in certain instances where the metabolism, excretion, or ac- 
tivity of the drug can be affected by administering other agents, 
the disposition of the drug once it has entered the systemic circula- 
tion or other body locations is determined by the innate dynamic 
properties of the biological system and cannot readily be altered in 
a necessarily routine, predictable fashion. The alternative approach 
presents the only generally practical means of controlling drug re- 
sponse behavior. The manner in which a drug enters the system can 
obviously always be controlled by the siLe of the dose, the dosage 
regimen, the route and manner in which the drug is administered, 
and the drug release characteristics of the dosage form. 


The problem of obtaining drug response behavior that is maxi- 
mally therapeutically efficient generally transforms into the phar- 


macokinetic problem of computing optimal drug input cersus time 
profiles. An optimal systemic drug input profile can almost always 
be closely approximated by a programmed intravenous injection 
of the drug. For other routes of administration, the therapeutic 
efficiency depends upon how closely the in oico drug availability 
properties of the dosage form reproduce the time course of optimal 
drug input. 


Application of Engineering Control Theory and Optimization 
Methods-Engineering dynamic systems analysis techniques can 
be directly applied to describe the pharmacokinetic processes that 
determine the quantitative nature of drug effects. In this context, 
drug f o w  and drug response signals can be considered in a manner 
analogous to the transfer of electric current, fluids, or forces in 
electrical, hydrodynamic, or mechanical systems. This simple 
realization allows the powerful techniques of engineering control 
theory, signal processing, and optimization to be directly applied 
to the treatment of pharmaceutical problems. 


Pharmacologically responding living systems receiving an input 
of a drug may be described as analogous to an open loop control 
system producing multiple responses to the drug input signal. These 
processes are illustrated by the block diagram in Scheme I, which 
depicts the consecutive processes of drug input and transference 
to  the sites of action in the biophase. Here the biophasic drug levels 
are transduced into either therapeutic or toxic pharmacological 
responses. Three types of commonly occurring drug response pro- 
files are shown. The upper response cersus time profile is charac- 
terized by a relatively rapid appearance of a peak; it typifies the 
case where the biophase and plasma compartment are kinetically 
identical. For example, i f  the response is an antibiotic-induced anti- 
bacterial activity of the plasma, it may be expected to be described 
by the top curve. However, i f  the activity of the antibiotic is in- 
tended to be directed against a deep-seated tissue infection, then 
the antibacterial response rcrsiu time profile may appear as given 
by the middle curve. The lower curve is typical of an indirect effect 
as elicited by, for example, reserpine on blood pressure or warfarin 


d r u g  input - - t r a n s f e r e n c e  t r ansduc t ion  p- pharmaco log ic  r e s p o n s e ( s )  
( t he rapeu t i c  and toxic) 


b iophase  = p l a s m a  
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b iophase  f p l a s m a  


f - I 
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Scheme I--Block diagram clraracterizarioti of ihe dynamics y /  dnrg response 
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Scheme II-Drug input-drug level response relationships for a rapidly injected, u(t) (impulse function), drug input to the drug transfer system, 
i.e., the body. The drug level versus time profile represents the impulse response [weigh ring function, G(t), in the time domain or transfer function, 
g(s), in the frequency domain o f  the system]. Subsequently, the cumulative amounts of drug input to the system at any time, A(t). following dosing 
by other modes o f  administration are computed as the convolution of the reciprocal of the integral o f  G(t) and their corresponding observed drug 


level response, Q(t): i.e., A(t) = [hf G(t)]-l*Q(t). 


on prothrombin complex activity where the response may be pro- 
longed even beyond the time the dose of drug has been effectively 
cleared from the plasma. In any event, the response is a causal con- 
sequence of the time variation of biophasic drug levels; although the 
relationship may not always be immediately apparent, the response 
intensity, I ,  can generally be functionally related to the biophasic 
drug level(s). Q ( f ) ,  responsible for its induction. 


Transductive Interrelation between Z(t) and Q( t)-Work in this 
laboratory (1-9) has shown that the functional relationship between 
the pharmacological response intensity. I(r), and corresponding 
biophasic drug levels, Q(t) ,  are provided by dose-effect curves or, 
more completely, by dose-effect-time surfaces. The verity of the 
relationship in any instance can be rigorously determined from the 
observed pharmacological data alone (1-4, 7); the method obviates 
any determination of tissue or  corporeal fluid drug levels by chem- 
ical or radiological assay and, therefore, can be readily applied 
where methods for the detection of the drug by direct assay are 
difficult or nonexistent. A rigorous mathematical basis for the 
utilization of dose-effect curves to relate biophasic drug levels 
reciprocally to their corresponding pharmacological response 
intensities was reported earlier (7). 


Linear Systems Analysis of Drug Disposition-Except for the 
transduction between biophasic drug levels and drug response, the 
majority of drug transference systems are well described by com- 
partment models (12) and, therefore, behave linearly or a t  least are 
piecewise linear over an operational range of interest. The objective 
of the present linear systems analysis is to compute drug input 
functions that are optimal in producing pharmacological responses 
of maximal therapeutic efficiency. In engineering terms, this re- 
duces to an input discovery or optimization problem. Scheme I1 
shows the manner by which the drug transference dynamics of the 
system can be characterized by determining the relationship be- 
tween drug input and output in terms of biophasic drug levels for a 
rapidly injected unit dose of drug. Such an injection constitutes a 
unit impulse function drug input. If the time course of pharma- 
cological response is observed following a rapidly injected dose, its 
transformation into the time course of biophasic drug levels di- 
rectly provides the unit impulse response or transfer function for 
the system. The integral of the unit impulse response then gives 
the unit step function response required to compute drug inputs 
corresponding to any desired drug output response profile (13, 14). 


Functional Analysis Approach to Pharmacokinetic Problems-A 
new and powerful functional analysis approach, previously de- 
scribed (15-18) and further developed by the authors, has been 
implemented to achieve the time-optimal control of drug response 
behavior described in the present report. Functional analysis is a 
branch of mathematics which generalizes the concepts of classical 
analysis (including calculus), algebra, and geometry from variables 
that are real and complex numbers to  more general kinds of 
variables. Relationships that deal with point functions, i.e., y = . f (x) ,  
are replaced by more general types of functions, called functionals 
or operators. wherein the function depends upon another function 
rather than on point values. Functional analysis provides a unified 
framework for considering problems in which variables are not just 
numbers but are time functions. It is particularly well suited for 
open loop, programmed control of dynamic systems through ap- 
plication of appropriately optimal, input time functions. As such, 
functional analysis is ideal for application to pharmacokinetic 


problems such as those presently described which relate to the 
time-optimal control of drug response dynamics. 


Although ideally suited for pharmacokinetic purposes, the 
presently described functional analysis approach has not previously 
been suggested for application to pharmacokinetic problems. This 
particular approach to the time-optimal control of multiple phar- 
macological response dynamics possesses several important ad- 
vantages relative to other less general mathematical techniques 
which have been more commonly applied to control engineering 
optimization problems (19-26). In addition to relative computa- 
tional and theoretical simplicity, the approach possesses the fol- 
lowing advantages: 


1. The capability to accommodate multiple inputs. This feature 
is important in that it will permit the quantitative treatment of 
multiple pharmacological response or drug level cersus time data 
resulting from the simultaneous administration of the same or dif- 
ferent drugs by different or the same routes and modes of admin- 
istration. The significance of this capability to the simulation and 
prediction of the pharmacological and/or drug level response be- 
havior elicited from acute and chronic administration of a single 
drug or interacting drug combinations is apparent. 


2. The capability to treat system behavior using transfer func- 
tions of up to seventh or higher order (i.e.,  models possessing seven 
or more compartments for each pharmacological or drug level 
response can be readily constructed). This capability is certainly 
more than sufficient for the treatmmt of the dynamic systems be- 
havior normally encountered with pharmacokinetic problems. 


3. The capability to treat adaptive system noiilinearities that can 
mechanistically arise in drug responding living systenls from the 
occurrence of threshold and saturation phenomena affecting drug 
plasma and tissue binding, drug transport and metabolic processes, 
and dose-effect relationships. Drug-interaction-induced time varia- 
tions in dynamic model parameters resulting from the coadministra- 
tion of drugs in combination can also be effectively managed. 


EXPERIMENTAL 


Determination of Dose-Effect Curves-Figure 1 depicts intra- 
venous dose-effect curves for each pharmacological response 
included in the present simulation of a hypothetical system. These 
curves provide the relationships necessary to transduce relative 
biophasic drug levels into their corresponding pharmacological 
response intensities, or vice versa. The A curve in actuality describes 
the mydriatic response of tropicamide (6), the B curve is the miotic 
response curve for carbachol, the C curve is the intraocular pressure 
response for carbachol, and the D curve represents the mydriatic 
response for tridihexethyl chloride (1). The A and D dose-effect 
curves are based on previously reported results (1, 2), where the 
details of the measurement of the mydriatic response intensity 
were provided. The miotic response to carbachol was measured 
similarly. The relative intraocular pressure changes induced by 
carbachol were determined using a applanatioii tonometer'. 
Rabbits were the test animals in every case. The dose-effect curves 
shown in Fig. 1 are plots of the maximum response intensity ob- 


1 Tonomat, Ocular Instruments Inc., Cle Elum, Wash. 
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Figure 1-Intracenous dose-Effect curves for  rabbits. Key: A, my- 
driatic response of tropicamide; B,  miotic response to carbachol; C ,  
intraocular pressure response to carbachol; and D ,  mydriatic re- 
sponse to tridihexethyl chloride. The curves define the functional rela- 
tionship between the intensity of drug effect and relative biophasic 
drug levels. 


served following rapid intravenous dosing with the drugs. A min- 
imum of six different doses administered to at least three rabbits 
was employed for each response. The dose-effect curves represent 
curvilinear least-squares regression fits to the averages (9). The 
details of the studies with carbachol will be presented in subsequent 
reports . 


The tropicamide plasma levels used to construct the “single- 
dose” dose-effect curve in Fig. 2 were obtained by periodically 
sampling blood taken from the marginal ear vein of the rabbits 
used as test animals. The levels of tritiated tropicamidel were de- 
termined using standard techniques of liquid scintillation counting3 
(9). The method of intravenous infusion was described previously 
(2). 


Transfer Function Parameters-The values of transfer function 
parameters were obtained from the results of weighted, least- 
squares, multiexponential, computerized fits to the mean time 
variations of dose-normalized relative biophasic drug levels ; 
these results were obtained by computerized transduction of ob- 
served time variations of drug response intensities following im- 
pulse drug inputs, i.e., rapid intravenous bolus dosing. The curves 
presented in Fig. 1 were employed for transduction. Multifit, 
a previously developed (1, 9) digital computer program which em- 
ploys an iterative systematized search method, was used to ac- 
complish the weighted least-squares fitting required to obtain the 
transfer function parameters. This and the programs used to 
compute the time-optimal control (24, 25) were implemented on a 
computer4. 


DOSE AND BlOPHASlC DRUG LEVEL, f(i) 


RESULTS 


Mathematical Approach to Time-Optimal Control of Multiple 
Pharmacological Response Behavior-The utility of the proposed 
pharmacokinetic control systems analysis resides in its ultimate ap- 
plication to simulating drug response behavior and the computa- 
tion of drug input functions which are optimally consistent with 
maximizing sought therapeutic responses to drugs and drug com- 
binations while maintaining the intensities of toxic drug effects 
constrained within predetermined safe, allowable limits. In this 
manner, a new rational approach to designing the formulation and 
evaluation of drug products and determining their optimal mode of 


*Supplied by AIcon Laboratories, Fort Worth, Tex., and New 


3Performed with a Packard Instrument Co. (La Grange, Ill.) Tri- 
England Nuclear, Boston, Mass. 


Carb model 314X counter. 
4 CDC 6500, 


administration may be attainable. An example is presented below 
for a hypothetical system, 


One type of feasible objective for an optimal drug input is to 
achieve a desired biophasic drug level and corresponding response 
intensity in the minimum time subject to the condition that pro- 
scribed “toxiphasic” drug levels and response intensities are not 
exceeded. The following hypothetical system is considered where a 
drug produces a therapeutic effect, A, in the biophase while pre- 
selected levels of toxic effects resulting from “toxiphasic” drug 
levels at the sites of action, B, C,  and D, are not exceeded. 


The dynamic optimization technique employed in this work re- 
quires the dynamic equations for the systems A ,  B, C,  and D and 
bounds on the input functions for these systems. The dynamic 
equations were first obtained in terms of transfer functions by the 
least-squares, multiexponential, computerized fits described pre- 
viously. Bounds on the input functions are then determined by 
using the dose-effect curves relating response intensities, relative 
biophasic and toxiphasic drug levels, and the final value theorem 
of Laplace transforms. The optimization technique employed here, 
i.e., the necessary conditions and input functions as derived by the 
use of some theorems of functional analysis, requires the dynamic 
system equations to be represented in state variable notation. This 
is accomplished by the technique of direct programming. A trans- 
formation is then performed that casts the system equations into 
a form with symmetrically constrained inputs. The form of the 
optimal input function and the subsidiary problem which deter- 
mines the number and time of the input switchings are derived in 
the Appendix. The solution to the subsidiary problem is accom- 
plished by an iterative numerical technique (24,25). 


The transfer functions relating relative drug levels and cumulative 
drugs inputs are given by Eqs. 1, 2, 3,  and 4 for sites of action A, B, 
C, and D, respectively. The transfer function parameters are eval- 
uated from the results of multiexponential fits to the biophasic 
drug level response to impulse (bolus injection) or step (zero-order 
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Figure 2-Comparison of tnitltiple bolus intravenous dose-effect curce 
(0)  witli a single-dose dose-effecr r ime (0) obtained by simultaneously 
monitoring the time course of tritiated tropicarnide plasma Iecrls cind 
the mydriatic response intensity d u r i q  and ,following the slow in- 
travenous infusion of’  the drug to rabbits. The curve is a weighred 
least-squares Jit to the “multiple-dose” uoeruge vulues obtained from 
replications performed with .four rabbits. 
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intravenous infusion) function drug inputs: 


(Eq. 3) 


(Eq. 4) 


When considering the time-optimal drug input problem, it is 
convenient to work with the instantaneous drug input, u(t). Since 
the cumulative drug input is simply the time integral of rr(t), the 
transfer function relating the outputs ~ A ( s ) ,  f ~ ( s ) ,  fc(s), and f&) 
and u(s) are given by Eqs. 1-4 with A(s)  replaced by u(s)/s. For the 
particular hypothetical system under consideration the transfer 
function parameters were determined as 71.4 = 1.004, Y Z A  = 
0.28968, ~ I A  = 1.0, f f ~ ~  = 0.5452, and a 3 ~  = 0.040748; Y I B  = 2.2, 
YZB =: 0.674, CVIB = 1.0, CYZB = 1.40718, C Y ~ B  = 0.63710, and L Y I B  = 
0.0937; TIC = 0.224, ale = 1.0, (YZC = 0.3538, and a3c = 0.022388; 
and 710 = 0.31842, YZD = 0.0049169, ( Y ~ D  = 1.0, CYZD = 0.28734, 
C X ~ D  = 0.00761 31 I ,  and L Y ~ D  = 0.0000525598. 


Considering a specific example, it may be desired to  reach 80% of 
the maximal therapeutic effect at  site A while not exceeding the 50, 
40, and 20% maximally obtainable toxic response levels for re- 
sponses B, C, and D, respectively. The therapeutic intensity and 
toxic intensities are related to the relative biophasic and toxiphasic 
drug levels by the dose-effect curves shown in Fig. 1. For example, 
the 80% level at  site A corresponds to . f ~ ( z )  = 0.330, where ~ A ( Z )  
is the relative biophasic drug level. Once values for the relative 
biophasic drug levels are obtained, the corresponding values of 
instantaneous drug input required to maintain these levels are ob- 
tained by use of the final value theorem of Laplace transforms, 
Le.: 


~ A ( Z A ) , ,  = lim . f A ( f A ) ( d  = lim S ~ A ( ~ A ) ( S )  = 


.fc(Tc)(s) = Y l C  


A(s) L Y I C ~  + CYZC f ( a d s )  


710s + YZD 


f f l D S z  + (YZDs + (Y3D f (CY4D/S) 
f4>?(s> = __ 


A(s) 


1- m s+o 


steady-state value of f A ( z A ) ( f )  (Eq. 5 )  


For a constant value of instantaneous input, i.e., u(r) = M ,  one 
obtains from Eq. 1, with A(s)  replaced by u(s)/s: 


or : 


For the 80% level at  site A ,  one obtains: 


Applying the final value theorem for each site of action, the results 
found in Table I are obtained. 


Here one notes that the limiting toxiphasic drug level in Com- 
partment D requires a sustained drug input, which is 1.86 times 
that required to maintain the desired therapeutic effect in Com- 
partment A .  It, therefore, is seen that one can drive the drug level 
in Compartment A to its final value much faster if the instantaneous 
drug input is put up to the value of 0.08632, then switched to zero 
at the appropriate time, held at  zero untilfA(Z) = 0.330, and then 
switched to the value needed to maintain the desired effect, in this 
case 0.046421. This, in essence, is the procedure followed for time- 
optimal control when the instantaneous inputs are constrained in 
amplitude. The problem then resolves into finding the switching 
time that yields the minimum time to reach the desired final state. 
I n  general, this requires calculation of up to (/I - I )  switching times 
for an nth-order system. 


Table I-Results Used in the Computation of the 
Time-Optimal Drug Input 


Percent of 
Drug Effect Zmsx or T,,, f ( I )  orf(T)o Mb 


A 80 0.33 0.046421 
B 50 42.0 4.91 
C 40 22.0 2.20 
D 20 8 . 0  0.08632 


a T denotes toxic intensity, andf(T) refers to drug levels in biophasic 
compartments B, C, and D containing sites of action for toxic effects, 
i.e., "toxiphasic" drug levels. * M refers to instantaneous step input 
values, corresponding to the sought level of I and maximally allowable 
levels of T obtained from application of the final value theorem. 


For the particular example considered here, examination of the 
constants for the transfer functions for sites A and D reveals that D 
is much slower. Therefore, one can first set the instantaneous rate 
to a value of 0.10 and be assured that the level at  site D will not ap- 
proach the 20% limit while the level at  A is increased to 80 %. 


Various techniques can be used to solve the minimum time 
problem with amplitude constraints, e.g., the minimum principle 
of Pontryagin (19) and the calculus of variations (26). In the present 
case, a method developed via the use of certain theorems of func- 
tional analysis (15-18) will be used. In any case, all of the above- 
mentioned techniques require the system to  be represented in state 
space notation. The transformation of the dynamics, as expressed 
by transfer functions, to the state domain can be achieved in various 
ways. The method used here is known as direct programming. For 
example, consider the transfer function given by Eq. 1 with A($) = 
u(s)/s: 


Proceeding with the method, one divides both the numerator and 
the denominator by LYlAS2 to obtain: 


Now define the variable E(s)  as: 


4 s )  E(s) = 1 + (aZA/a lA)s - '  + ( a 3 A / a l A h - '  


By rearranging Eq. 9b, Eq. 9c is readily obtained: 


Also, Eqs. 9a and 9b yield: 


Equations 9c and 9dare diagramed in Scheme 111. 


14 (s 


I:@ 
Scheme IIZ-Diagram of Eqs. 9c arid 9d 
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Now define the output of one integrator as x2 and the output of 
the other as x l .  From Scheme 111, write: 


(Eq. lOa) 


i, = x1 (Eq. 106) 


il = -5% x1 - ff34 x 2  + u(t) 
(YIA f f I A  


or in vector-matrix notation: 


(Eq. 1Oc) 


d = AX + bu (Eq. l l a )  


x(0) = xo = 0 (Eq. 116) 


h(t) = dTx (Eq. l l c )  


(Eq. l l d )  ~ A ( T / )  = 0 . 3 3  = desired Value Of f A  = fa ,  


0 5 u 5 MD = 0.10 (Eq. l l e )  


where: 


= 


dT ~ 72 7 3  
{ f f l A  % A !  


The minimum time problem can now be stated as follows: Given 
a system described by Eqs. l l a  and l l c  with some initial state 
x(0) = xo and desired state x( t )  = xd, with the input constrained 
by 0 5 u(t) 5 MD, find theinput function u(t) so that the desired 
state is reached in the minimum time Tjo. 


The particular technique used here, i .e.,  the functional analysis 
approach, requires the input to be constrained symmetrically, 
i.e., - B  I u(r) 5 B,  or lu(t)( 5 B. Therefore, before one can pro- 
ceed, a transformation of variables must be made to achieve this 
type of constraint. In the present case. simply define U' = it - 
( M D / ~ ) .  Then Eq. 1 l e  leads to: 


-- MD < u' I MO - (Eq. 120) 2 -  2 


If one also lets z1 = x1 and: 


one obtains, after substituting into Eqs. lla-lle: 


aZA f f 3 A  


ffIA ffIA 
21 = - -z1 - - 2 2  + u' 


(Eq. 126) 


or : 


i = Az + bu' (Eq. 13a) 


MD 
IU'I 5 - 2 


z T ( 0 )  = j o  - - - 
2 ff3A 


(Eq. 13c) 


where the quantities A ,  b, and dT are defined as before. The final 


desired relative drug level, in terms of z1 and z2.  is given by: 


7 2 A  MD YlA 


%A ff lA ff8A 2 f a ,  = --S(Tf) f y2AZ~(T/) f - - = 0 . 3 3  (Eq. 13e) 


or : 


Therefore, a ( T j )  and zZ(Tj) are constrained by Eq. 13e. One can 
write: 


Therefore : 


ZdTlT/) = ~ z l d ( F ) ~ z d ( m  1 (Eq. 13h) 


where zpd(Tf) is given by Eq. 13g. 
One sees that there is an infinite number of combinations of zl- 


(TI )  and ZQI) that will satisfy Eq. 13e. This means that the final 
desired value o f . f A ( l A )  is achieved by any member of the target set 
formed by Eq. 13e. In general (20) .  there is one combination of 
zl(T/) and z:(T/)  of the target set that yields the smallest valueof T j  
corresponding to the initial conditions given by Eq. 13d. The solu- 
tion to the minimum time problem can then be found by repeated 
calculation using a simple search technique, Le., a value for zl(T,) 
is chosen, the value of zz(T/)  is then given by Eq. 13g, and the T f  
for this pair is found. The procedure is repeated until the 21 yielding 
the smallest value of T f  is found. 


The problem can then be stated as follows: Given the system 
described by Eqs. 130 and 136 with the initial condition given by 
Eq. 13d and input constrained by Eq. 13c, drive the system to the 
desired final state, Eq. 13h, where z1 and z2 are constrained by Eq. 
13e, in the minimum time possible. 


As stated previously, the solution can be obtained by the applica- 
tion of various theorems of functional analysis. The details of the 
derivation were given by Kranc and Sarachik (16), Sarachik and 
Kranc (17). and Kreindler (18). The particular results obtained by 
this technique are used here because they can be easily applied to 
systems with multiple inputs, although an example with only a 
single input is considered here. Systems with multiple inputs will 
be considered in subsequent reports. A version of the derivation of 
the solution using the approach of Kreindler (18) is presented in  the 
Appendix. The time-optimal control function for the specific ex- 
ample considered here, the case of a second-order system with a 
scalar input and output, is given by Eq. A35 of the Appendix. It is: 


where sgn is the signum function defined in the Appetidix. 
Therefore, one sees that Eq. 14 defines an input function that 


switches from ( M D / ~ )  to - (MD/2)  as the argument of sgn changes 
from positive to negative. Included in the argument of sgn is the 
parameter A,. It is when hl has been properly specified that there is 
a time-optimal solution; XI can, in turn, be found from Eq. A34 
derived in the Appendx.  It is: 


i.e., X1 is selected such that the minimum value of the integral is 
equal to unity while T j ,  the upper limit of integration. is the min- 
imum time Tfo. All of the terms in the integrand of Eq. 15 except XI 
and T/ are known functions of time or given constants. Therefore, 
once a value for T/ is chosen, the value of the integral depends only 
upon the value of XI. By searching over values of A,, the minimum 
value of the right-hand side of Eq. 15 is found. If the value of the 
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integral is not equal to unity, a new value for TJ is chosen and the 
minimization with respect to XI is repeated. This process is continued 
until a pair, TJ and X I ,  that satisfies Eq. 15 is found. One then has 
the minimum time, Tfo, and the value of XI that produce the correct 
switch in the control function, Eq. 14. A program was developed 
for this purpose (24, 25). The quantitieszqTt), I, +11, and are 
defined in the Appendix, by Eq. 9a, by Footnote 8, and by Eq. 
A314 respectively. 


The particular example presented here demonstrates the in- 
teresting case of a plant with numerator dynamics as seen by Eq. 8. 
Systems with numerator dynamics lead to the situation where the 
desired final output, f ~ ~ ,  given by Eq. 13e, can be reached by any 
pair of state variables, z1 and z2, that satisfies Eq. 13e. As stated 
previously, one then has a target set rather than a target point. 
Therefore, with the initial state fixed by Eq. 13d, many combina- 
tions of z1 and zz will give f a d  = 0.33. For example, one pair of 
values for z1 and zz which satisfies Eq. 13e is z1 = 0 and: 


i.e., zl(T,) is equal to its initial value and z2(T,) is prescribed by 
Eq. 13e. This pair corresponds to the original state variables, Eqs. 
1Oa-lOc, with values of xl(Tj) = 0 and: 


(Eq. 17) (YIA xS(Tf) = f A d  - 
Y 1 A  


However, whenever there exists a target set, in this case a straight 
line, there is an infinite number of z1 and zz pairs that will yield 
f ~ ~ ,  but only one pait will achieve f A d  in the minimum time. The 
minimum is then found by the iterative approach explained after 
Eqs. 13a-13h. In addition, the type of function that produces the 
minimum time response depends on the optimal point on the target 
set. In general, depending on the initial conditions as given by Eq. 
13d and the desired value of the system output f ~ ~ ,  one has three 
types of optimal control functions, satisfying condition 13c, for a 
second-order system. They are pictured in Schemes IV-VI in terms 
of the transformed input u ' O .  


Scheme IV illustrates a case where a single switch at time tl and a 


u 
t i  


Scheme IV-Control at both upper and lower bounds witlz no 
singular region 


switch to u'O = 0 at t = Tf0  yield the optimal time. This corresponds 
to the case where Eq. 13e is satisfied by values of zl(T/) and zz(T,), 
which remain constant after time greater than TJO and yet maintain 
the output at its desired value, f ~ ~ .  In general, this will not be the 
case for a system with numerator dynamics and the usual form of 
the control function is given by either Scheme V or Scheme VI. 
Scheme V indicates a situation where one still has a switch to u ' O  = 
-(kfD/2) at t = tz, but the target set is reached at values of zl(Tjo) 
and zZ(Tf0) which do not maintain the output at f A d  for times greater 
than TIo. Consequently, an exponential type decay for u'O(t) from u'O 


= - ( M D / ~ )  to U ' O  = -0.003579 is required until zI and z2 adjust to 
the values which do maintain the output at its desired constant 
value. Scheme VI indicates a situation where the control is never 
switched to its lower limit to achieve f~~ in the minimum time. One 
notes in Scheme VI that the required exponential decay appears 
as it did in Scheme V but that it does not in general begin from 
U ' O  = - (MD/~).  To picture the optimal drug input in terms of 
i d f o ,  one simply transforms Schemes IV-VI by the addition of ( M 0 / 2 )  


Sclzeme V-Control at both upper and lower bounds with a 
singular region 


t 


Scheme VI-Control only at upper. bound with a 
singular region 


to the values of u ' O  on each plot. Equations 14 and 15 will then 
permit calculation of the form of the control function up to time 
Tf0 .  The form of the exponential decay required for the cases of 
Schemes V and VI are then calculated from the system equations. 
For the particular example considered, it happens that the optimal 
control is given by the form shown in Scheme VI. The decaying 
portion of u'o is known as the region of singular control, and it is 
found from the simultaneous consideration of Eq. 13e and the con- 
dition that f a  remains constant at the desired value for times greater 
than TIo.  This condition requires the derivative of Eq. 12e to be zero, 
i.e. : 


Substituting for il and il in Eq. 18 from Eqs. 12c and 12d, one ob- 
tains: 


Now I = T f o  will be the first time when Eqs. 13e and 18 (and, 
therefore, also Eq. 19) will be simultaneously satisfied. By substi- 
tuting for i2(t) from Eq. 12dinto Eq. 18, one obtains: 


? l A i l ( t )  + YZAZl( t )  = 0 (Eq. 20) 


The solution to Eq. 20 for t 2 Tj0 is: 


z,(t) = zl(TjO) exp [- =(r -- T,O)] (Eq. 21) 
Y l A  


By substituting Eq. 21 into Eq. 12d, one obtains: 


z2 = zI(Tfo) exp [ - E ( t  - T,O)] t 2 Tjo (Eq. 22) 


By integrating Eq. 22 and using the condition of zp(T,O), one ob- 
tains for t >_ T f o :  
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Figure 3- -Time-optimal drug itipur profile. 


Now, substituting Eqs. 21 and 23 into Eq. 19 and rearranging 
yield : 


("-" - - ?&! %)zl(T,o) exp [- EA(t - T,O)] (Eq. 24) 
al.4 71.4 ~ I A  72.4 71 A 


for r 2 TIo .  


12a, and the value of u( m) given in Table I, one sees that as f -. m : 
From Eqs. 1 Ie, 21, 23, and 24, the definition of u' proceeding Eq. 


(Eq. 25a) 


(Es. 25b) 


zl( m )  = 0 


zp(m) = XAzl(~,o) + ZZ(T/O) 
71.4 


and : 


Or, in terms of the state variables and control function given by 
Eq. 10: 


x1(m) = 0 (Eq. 26a) 


(Eq. 266) x*( m )  = zI( m )  + 
uO( m) = 0.046421 (Eq. 26c) 


MD ~ I A  - 
2 aS.4 


The actual results obtained for the systems given by Eqs. 1 4  are 
presented in Figs. 3 and 4. Figure 3 represents the cumulative drug 
input [simply the integral of uo(t)] to achieve an 80% therapeutic 
effect in minimum time for the system given by Eq. 1. The first 
phase of the input is described by a relatively rapid zero-order 
input having a rate of 0.1 mcg./min. given for 5.56 min., the min- 
imum time for this example. The cumulative drug input is then the 
integral of the exponential portion of the instantaneous input, 
uo(t). The exponential portion dissipates after about 12.0 min., and 
the cumulative input then follows a zero-order input of 0.0464 
mcg./min. which maintains the therapeutic response intensity at a 
level of 80x. 


DISCUSSION 


Optimized Drug Input-The cumulative drug input profile de- 
picted in Fig. 3 could in practice be precisely achieved by a pro- 
grammed slow intravenous infusion or be obtained less precisely 
by a properly designed oral dosage form. If the time-optimal input 
was not used and the zero-order drug input rate was simply set to 
the rate required to maintain the 80% steady-state level of the ther- 
apeutic, A ,  response, it would have required 50 min. to achieve a 
level within 1 of the desired 80% of maximal response intensity. 
The time-optimal input achieved the 80% level in 5.56 min. The 
time-optimal drug input, therefore, allowed the desired level of 
therapeutic effect to be achieved nine times faster than could be 


attained by simple intravenous infusion of the drug at  a constant 
rate. Computational schemes for optimizing first-order drug in- 
puts which are more common and can more readily be achieved in 
practice by administration routes other than intravenous are pres- 
ently being further developed. 


Time-Optimal Drug Response Dynamics--Figure 4 presents the 
time-optimal therapeutic response intensity, A,  and the corre- 
sponding toxic response intensities produced at  sites B,  C, and D 
as a function of time. One notes from Fig. 4 that the minimum 
toxic intensities are well within the prescribed limits of 50, 40, and 
20% for E,  C ,  and D, respectively, while the desired therapeutic 
effect of 80% at A is achieved in 5.56 min. The time coordinate for 
response D in Fig. 4 was  contracted by a factor I/,, i.e.. 10 min. is 
actually 40 min. It can be seen that the toxic D response results from 
the presence of the drug in an apparent kinetic compartment into 
which it enters and is eliminated slowly. After chronic administra- 
tion of the drug at  uncontrolled drug inputs, the level of the drug 
can be expected to build up to induce a serious toxic effect which 
would have a prolonged duration. On the other hand, if D was a 
sought therapeutic effect, it can be seen that a rapidly absorbed 
single dose of drug would be relatively very ineffective in producing 
a response. It can, therefore, occur that potentially useful drugs are 
discarded whereas appropriate adjustment to their dosing require- 
ments would have allowed them to exhibit their activity. Such con- 
siderations again emphasize the importance of controlling drug in- 
puts and thinking in terms of biophasic drug availability rather 
than systemic bioavailability. 


For any drug the actual selection of an allowable intensity for 
any particular toxic drug effect would obviously depend upon the 
severity of its morbific character. A drug that does not elicit ac- 
ceptable levels of toxic effects is generally not a useful drug. How- 
ever, in some instances, depending upon the drug's transference 
dynamics, it is still quite conceivable that the toxic response be- 
havior could be substantially minimized by appropriately pro- 
gramming the drug input. 


Interrelationship of Plasma Drug Levels and Multiple Phar- 
macological Effects-The recording of multiple drug effects simul- 
taneously with plasma drug levels permits the establishment of 
single-dose dose-effect curves for each response. The interrelation- 
ships which exist between drug responses and drug levels, e.g., as 
determined directly by chemical or radiological assay techniques, 
become apparent when it is considered that in addition to the 
occurrence of sometimes complex feedback control mechanisms, 
which can function to cause interactions between drug-induced 
changes in physiological processes, each drug effect may be related 
to any other by virtue of the consideration that i t  occurs as a con- 
sequence of the distribution of the drug(s) in a system of inter- 
connecting compartments. For a linear system, the relationship 
between any two drug effects can be established; an effect can be 
subsequently predicted from the results of recording another by 
computing the transfer functions that describe the kinetics of the 
drug($ passage between biophasic compartments. Such transfer 
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functions can be computed from the results of recording the simul- 
taneous drug effects that occur in response to any drug input. The 
time course of drug response A ,  i.e., I&), can be transformed into 
a time course of response B,  I&), by the process shown in Scheme 
VII. The authors implemented the above approach6 to the deter- 


transduc tion r ia  


dose-effect curve for A 


I t ransfer  1 function 


level of B 
transduction tiin 


dose-effect curve for B 


Scheme Vll  


mination of the time course of the intraocular pressure response, 
following ophthalmic dosing of carbachol, from the results of 
monitoring the time course of the drug’s miotic activity. In this 
case the approach had the advantage of providing the intraocular 
pressure results of interest without disturbing the kinetics of the 
transcorneal transport processes by which the drug penetrates to its 
sites of action within the eye; the direct tonometric recording of in- 
traocular pressure requires contact with the eye, while the miotic re- 
sponse can be monitored, e.g., using a vernier calipers, without touch- 
ing the cornea through which the drug is being absorbed. 


“Single-Dose” Dose-Effect Curves and Patient-Individualized 
Dosage Regimen Optimization-It is well known that following the 
administration of a “standard dose” of a drug to different patients, 
the peak blood levels, for example, may vary as much as 40-fold 
between patients; pharmacological responses can range from in- 
efficacy to acute toxicity. A n  individual patient may vacillate in 
such extremes for appreciable periods of time prior to the establish- 
ment of an optimal dosage schedule by trial and error. If the drug 
transference dynamics and appropriate transduction functions (as 
defined by dose-effect relationships) were known for a patient, an 
optimal dosing regimen could be computed and initiated with the 
first introduction of the drug into the patient’s system. However, 
such information may be expected to be quite rarely available and, 
due to pathologies that can profoundly influence the dynamics of 
a drug’s absorption, distribution, and elimination, it would become 
rapidly obsolete. However, it is quite conceivable that for appro- 
priate drugs such information may be approximated from moni- 
toring the results of administering an initial standard dose (or a 
dose which the physician would normally prescribe) and utilizing 
the data to compute a subsequent dose and dosing regimen optimal 
for the particular patient. In this manner the time required to 
achieve an optimal therapeutic response behavior is minimized. 
An apparent difficulty in this approach is the multiple dose-re- 
sponse data required to construct the dose-effect curves necessary 
to transduce observed time variations of pharmacological response 
intensities into their corresponding biophasic drug levels, which 
are subsequently utilized to obtain the necessary transfer functions; 
these relate drug inputs to biophasic drug level uersus time profiles. 
In effect, what is required to circumvent the impracticality of de- 
termining multiple-dose dose-effect curves is the ability to con- 
struct a dose-effect curve from the results of a single dose. An in- 
dication that this may be a feasible objective is suggested by the 
preliminary result represented by the two dose-effect curves for 
the mydriatic response of tropicamide shown id Fig. 2. 


SUMMARY AND CONCLUSIONS 


The presently described approaches represent the first known 
attempt to relate quantitatively the factors which determine drug 
input functions ( i .e . ,  mode of administration and drug release 
properties of dosage forms) to the corresponding time variations of 
multiple pharmacological effects which they determine. The de- 
velopment of the computational capability to optimize drug in- 
puts is salutary to three centrally important problem areas of phar- 


To be published. 


maceutical science. These include: (a )  the rational design of the 
drug release properties of new drug dosage forms, (b) the evalua- 
tion of the therapeutic performance of existing drug products, 
and (c)  computation of time-optimal, patient-individualized, and 
automated drug dosage regimens. 
In order for a product developer to apply his skill to developing 


an optimal drug product, he must have criteria on which to judge 
the success of his efforts at any stage of the development. When 
applicable, the concepts of optimal drug inputs and therapeutic 
efficiency of the product provide the most rational criteria. The 
computation of optimized drug inputs also provides a rational 
basis for the selection of drug products already available-as well 
as the routes and time schedule for their administration-which 
will allow an optimal therapeutic efficiency to be attained as closely 
as practicable. 


The theoretical basis for the computation of optimal drug inputs 
planned to be further developed and expanded is also fundamental 
and salutary to the eventual development of controllers and servo- 
mechanisms for the automated administration of potent drugs 
(such as anesthetics, cardiac stimulants, and depressants) to patients 
in response to feedback signals which originate from continuously 
monitoring and computer processing of, for example, electroence- 
phalographic, electrocardiographic, and other cardiovascular-pul- 
monary drug-effected changes (27-31). In this manner, drug 
inputs can be continually observed to maintain biophasic drug 
levels which are constantly consistent with maintaining a maximal 
therapeutic efficiency of a drug’s responses. The feasibility of a 
similar approach to the operation of an electroencephalographically 
innervated, automated, anesthetic administration apparatus has 
already been described (32,33). 
In principle, elucidation of the dynamics of a pharmacologically 


responding system’s dynamic behavior will permit the computation 
of time-optimal drug inputs as well as the interrelation and compu- 
tation of the time variation of any drug effect or plasma drug level 
from the results of monitoring any other. The fidelity of these 
theoretical relationships and their potential clinical usefulness are 
the subject of present research efforts by the authors. 


APPENDIX : DERIVATION OF TIME-OPTIMAL INPUT 


A version of the derivation of the solution using the approach 
presented by Kreindler (1 8) is presented here. 


Integral Representation of Linear System-Equation 13a, the 
linear system to be controlled, will be referred to as the plant. The 
solution to Eq. 13a can be expressed in the well-known form (21): 


f t ,7PN7)lfr(7)  dr (Eq. A l l  


( f , T )  is the state transition 


z(t) = i(t,a)z(O) + 


where z(r) is thc stntc vcctor and where 
matrix. Equation A1 can be written as: I 


z(I)  = zo(t) + h(r,T)ff’(7) d7 (Eq. A21 


where zo(r) expresses the effect on z(t) of the initial conditions and 
h(t,7) can be interpreted as the response z(t) to an impulse u(t)  = 
S ( t  - 7) applied at t = 7.  The functions / r i ( f , T ) ,  i = I .  2,. . ., ir ,  


will be considered arbitrary, except for the following conditions : 
1. hi( t ,7 )  is bound on finite intervals of t and T ,  continuous in 


t ,  and piecewise continuous in r [for plants described by an equa- 
tion, i.e., 13a, with constant coefficients, / r , ( t )  is continuous]. If 
/r ( t ,T)  is the impulse response, then h,( t ,7)  = 0 for t 5 T and may be 
discontinuous at t = 7. This condition implies that the control 11 


and discontinuities (if any) of the plant’s parameters affect the output 
z(t) only through dynamic elements. 


2. The functions / r i ( t , T )  are linearly independent on all intervals 
of 0 5 7 5 t .  That is, for every nonzero n-vector A, the inner 
product: 


Lt 


> I  


X . h ( t , T ) =  X,h i ( f ,T )$O on 0 5 7 5 t (Eq. A3) 


This condition is equivalent (21) to the statement that the plant can 


2 = 1  


Vol. 61, No. 12, December 1972 0 1949 







be brought, by a suitable control u, from any initial condition at t = 
0 to any output z(Tf) at t = TI (both finite) on an arbitrary finite 
interval of time 0 5 t 5 T,. This property of the plant will be called 
total controllability. 


It is important to observe that condition A3 allows I .A(t ,r)  = 
0 on proper subintervals of 0 5 7 5 t provided that, for each t ,  
there is someffinite interval t l  5 r 5 t,, where I.h#O. Ifh.h(t,T) 
can vanish only on a set of isolated points, the plant is called normal 
(21). 


Constraints on u’-Usually, u’ is constrained in some manner. 
The most common constraints are the amplitude constraint lu’(t)l 5 
C, the “area” constraintfp(u’(t)/ dt 5 Cl, and the energy constraint 


STIu‘(t)l2 dt 5 C2. These constraints may be unified by: 


( ~ * ’ ~ u ’ ( t ) ~ ~ d t ) l ’ * _ <  C, 1 _< p 5 (Eq. A4) 


For p = m and piecewise continuous 10, Eq. A4 reduces to  the am- 
plitude constraint: 


0 5“;; T/lu’(t)l 5 c (Eq. A5u) 
A control u‘ satisfying Eq. A4 will be called admissible; the collec- 
tion of all admissible controls is called the admissible set. 


If the wider class of all meusurubfe controls satisfying condition 
A4 are considered, the integration is then in the Lebesque sense 
(22). Then, for a given p,  each control becomes a member of the 
function and the admissible set is the closed C, - sphere in L,. In the 
example considered here, only the amplitude constraint, condition 
A5, is used, but the future application of the area constraint would 
correspond to a limit on the cumulative drug in the system. 


The Control Problem-As stated previously, the objective is to 
cause z(t )  t o  coincide with Eq. 13h and thereby cause Eq. 13e to be 
satisfied, in the minimum time, using an  admissible control. Forming 
the difference: zd(r) = Z d ( f )  - zo(t), and referring back to Eq. A2, 
the problem may be formulated as follows: 


Given zd(t) ,  find an admissible control u’ so that: 


l‘h(t ,r)u’(T) dr = zqt)  (Eq. A5b) 


a t  the minimal time, t = T / .  
The Reachable Region-The output z(t )  can be viewed as a 


continuously moving point in an  17-dimensional Cartesian space 
2, the output space. Consider the plant, A2, a t  rest at  t = 0 [zo(t) = 
01. The set of the points z (Tf )  in 2, reached by using all u in an  
admissible set, will be called the reachable region and denoted by 
R(0,Tf);  R depends onp and C,. 


The general properties of R(0,Tf) can be expressed by the fol- 
lowing theorem. 


Theorem I-The reachable region, R(O,T,), is a closed, bound, 
and convex bodys, symmetrical with respect to (and centered on) 
the origin z = 0 and continuous in TI .  (The proofs of the theorems 
to  be presented can be found in Rejbrence 18.) 


The control process can now be risualized (for 11 5 3 )  as follows. 
In the output space, there are the continuously changing region 
R(O,T/) and the continuously moving “target” point zd(t).  By defini- 
tion, zd( t )  can be reached if and only if, for some finite time Tf, 
zd(T,) is in R(0,Tj). Because of the continuity of R(O,Tf), it is clear 
that the first contact of zd(t) with R(0,t) must be at  the boundary of 
R(O,t), determining the minimal time t = Tyo. This leads to the 
following theorem. 


Theorem 2-If for some terminal time T f  = Tj,, zd(Tf l )  is in R(0, 
T fL) ,  then the optimal time T/”,Tf 5 Tl1, exists; Tfo is such that 
zd(Tfo)  is in the boundary of R(O,T/O), and, for T/ < Tj0, zd(Tj )  is 
not in R(O,T/). 


The validity of Theorem 2 is the main reason for Conditions 1 
and 2 imposed on h { ( f , T ) .  Unless Condition 1 holds, R(0,t) and/or 
zo(t) and zd( t )  may be discontinuous and the first contact of zd ( t )  
may be at  the interior of R(0,r). The same may happen if R(O,T,) 
degenerates t o  be confined in a linear subspace? of 2, because 
Eq. A3 of Condition 2 fails for T = 0 and some t = Tj.. 


a. z y t )  
T, 


31. h(f,r)u’O(T;A,t,Cp) dr s, 


fi Closed means a region that includes its boundary, and convex 
means a region with no holes, i.e., all points within the region boundary 
belong to the region. 


7 For n = 3, a linear subspace could be either a plane or a line. For 
n = 2, a linear subspace could be a line. 


= 1 (Eq.A7) 


f = T /  


According to  Theorem 2, it is necessary to seek the controls that 
lead to  boundary points in R(0,Tf); such a control will be called 
an optimal control do. 


Necessary and Sufficient Conditions for an Optimal Control- 
Theorem 3-An admissible control can be optimal only if it satis- 
fies Eq. A4 with an equality sign. 


This result by itseIf’does not imply a bang-bang control for the 
amplitude constraint; it merely implies, according to Eq. A5, that 
lu’(t)l = C, for a t  least one point on the interval 0 5 t 5 T,. 


Since R is convex, each point in the boundary of R can be con- 
tained in a supporting hyperplanes to R,  S(31). The points in the 
intersection of the supporting plane and the boundary of R are 
the farthest points in R in the direction of a. An illustration of a 
hyperplane S(5)  supporting an  R(0,Tf) a t  zd (T / )  is shown in Scheme 
VIII for a space of dimension 2. 


Scheme VIII-Reachable region with the supporting hyperplane 


* A hyperplane, 31.2 = C, where C 2 0 and 31 is a nonzero fixed- 
length vector in 2, is the generalization to n-space of a plane in 3-space; 
it is an (n  - 1)-dimensional subspace. 
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(23) for integrals. It is: 


Ix(r)u(r)/df I [ lb Ix( t ) lp dt]“’”’ [ ib iu(t)lq dt]‘”’) 


(Eq. A8) 
lb 
where 1 5 p 5 m and (l/p) + (l/q) = 1, and which, for I < p 
< m is satisfied with an equality if and only if lx(t)/p = Kl ly(r)lq, 
where Kl is a positive real constant. 


By the definition ofa  hyperplane, h . z ( T / )  > 0 and, therefore: 


( 1 l d  


3 . i . Q ~ )  5 [ 1% /I. h(T/,r)j“ dr X 1 


Proceeding, one has : 


(s,” KplX. h(Tf,7)IqI sgn [A. h(T/,r)llP d~ 
(1111) 


= C, (Eq. A18) ) 
or, moving KP out of the integral and rearranging, one obtains: 


By using Holder’s inequality, A8, on the right-hand side of Eq. 
A9, one obtains: 


h.z(Tf) 5 [ l” (1. h(T~,7)lQ d7 
( l / d  1 .  


1 [ lT’ Iu‘(7)Ip d ~ ] “ ’ ” ’  ’ P  4- Y - = 1 (Eq. A10, 


By Theorem 3, a necessary condition for the maximum of a.z(TJ) 
is that: [so*’ l u ’ ( ~ ) l ~ d r ] ( ~ ’ ~ )  = C, (Eq. A l l )  


By substituting Eq. A1 1 into Eq. A10, one obtains: 


( l i p )  [ s,” /l.h(Tj,r)Iq d7 C, (Eq. A12) 


Obviously, the maximum of h.z(T/) is obtained if and only if Eq. 
A12 satisfies the equality sign. Now, the inequality in Eq. A9 is 
satisfied with an equality if and only if: 


1 h.Z(T/) I 


sgn ~ ’ ( 7 )  = sgn [h.h(Tf,7)] (Eq. A13)9 


Also, Eq. A10 is satisfied with an equality if and only if, for 
l < p <  m :  


l U ‘ ( 7 ) I  = Kll’p/h’h(T~,+)l‘q’p) (Eq. A14a) 


or : 


lu’(r)l = KIh.h(T,,~)/(q/p) K > 0 (Eq. A14b) 


Considering the definition of the signum function, one can write 
~ ’ ( 7 )  as: 


u‘(r) = /u’(7)1 sgn I U ’ ( T ) /  (Eq. A15) 


To have condition A10 be satisfied with the equality, one must 
apply Eq. A14b to Eq. A15. One obtains: 


u’(r) = K(L.h(Tf,7)1(R/P) sgn lu’(r)l (Eq. A16) 


Also, to have condition A9 be satisfied with the equality, one 
must apply Eq. A13 to Eq. A16. This yields: 


u’(r) = K/A.h(Ty,r)/(q’p) sgn [X*h(T/,r)] 1 < p < m (Eq. A17) 


Now u‘ (7)  must also satisfy Eq. A l l ,  This can be done by ad- 
justing K; i.e., substituting Eq. A17 into Eq. A1 1 yields K so that 
Eq. A1 1 is satisfied. 


@ sgn is the signum function described by sgn x = 
- ’ < 


i + I x > O  


K =  Tr (Eq. A19) 
(ih.h(T,,r)Iq/sgn[h.h(T/,r)]lpd?)(1/p) 


Recalling the definition of the signum function, one can write: 


/sgn [h.h(T/,7)]1~ = I ( f l @  = 1 (Eq. A20) 


wherep is some integer value, 1 5 p _< m. 


Also since ( I / p )  + (1 /q)  = 1, one can write: 


(Eq. A21) 


and : 


Ly- ]  (Eq. A22) P 


Substituting Eqs. A20 and A21 into Eq. A19, one obtains: 


Therefore, substituting Eqs. A23 and A22 into Eq. A17 results in 


Theorem 6-An admissible control is optimal if and only if: 
the following theorem. 


Forp = m , q  = 1 (theamplitudeconstraint), Eq. A24 becomes: 


~ ’ ~ ( 2 )  = C sgn h.h(Tf.t) (Eq. A25) 


which is necessary aridsufficient for equalities in Eqs. A9 and A10. 
With u’O(t) given by Eq. A24, Eq. A7 becomes: 


(l” /h.h(Tf,r)/q d7 (q- - l /q)  


(Eq. A26) 


Once again, by recalling the definition of the signum function, 


) 
Eq. A26 becomes: 


The length of h is arbitrary (only the direction of a being sig- 
nificant): therefore, it can be adjusted so that x . z d ( t )  = 1.0. Equa- 
tion A27 becomes: 


min (l‘ /h.h(t ,~)Iq d7 (-lid 1 1 I=T/ t=TJ 


(Eq. A28) 


= 1 


for the amplitude constraint, and a system described by an equa- 
tion (i.e., A9) with constraint coefficients,p = a and q = l, Eq. A28 
can be arranged to yield: 


) = C,, ; i .zd(t)  1 
I 
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Tr 
1 = min 1 C&*h(t - 7 ) l d ~  (Eq. A29) 


1 


a.zyTJ) = I 


For this particular system, as described by Eq. A9, one has: 


(Eq. A31c) 
$n(t - 7 )  


02dt - 7) 


$12(f - 7 )  


&(t - 7 )  
- 7 )  = ( 


@ ( t )  was defined in Eq. Al .  
From Eq. A31a, one obtains: 


(Eq. A32) 


Also: 


(Eq. A33) MD c, = -2 


Substituting Eqs. A316, A32, and A33 into Eq. A29, one obtains: 


7) dr (Eq. A34) 


and the control Eq. A25 becomes: 


where XI is found by the minimization of Eq. A34. 
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Primary Screening Approach for Anti-Inflammatory Agents 
Utilizing an In Viuo and a New In Vitro Method 


R. A. CARRANO. and J. 0. MALBICA 


Abstract 0 Several classes of standard pharmacological agents (ap- 
proximately 38 different drugs) including anti-inflammatory, anti- 
arthritic, analgesic, immunosuppressive, antihistamink, autonomic, 
and CNS agents were tested in the in aiuo carrageenin-inflamed rat 
paw test (Test I) and in an in oirro test involving their enhancement 
of the labilization of a purified rat liver lysosomal fraction by 
N,N,N’ ,N  ’-tetramethylazoformamide (Test 11). In general, there 
was good correlation between Test I and Test I1 results. The relation- 
ship of the findings to  a screening program for anti-inflammatory 
agents is discussed. 


Keyphrases Anti-inflammatory agents, screening program- 
correlation between in aiuo carrageenin-induced edema and in aitro 
lysosomal-labilizing properties of N,N,N’,N’-tetramethylazoform- 
amide, rats 0 N,N,N’,N’-Tetramethylazoformamide lysosomal- 
labilizing properties-effect of anti-inflammatory agents, screening 
program, rats Screening programs, anti-inflammatory agents- 
correlation between iir ciao carrageenin-induced edema and in ui/ro 
lysosomal-labilizing properties of  N,N,N’,N’-tetramethylazoform- 
amide, rats 


Laboratories differ in their programs for the screening 
of drugs for anti-inflammatory activity. Usually, a 
profile of tests progressing from those requiring less 
effort to the more difficult, time-consuming tests is 
used. The tests usually found at  the front end of the 
program are suitable for rapid screening (e.g., primary 
screening tests); others involve much greater effort 
but are often more selective (e.g., secondary screening 
tests). It is not uncommon to find a drug active in some 
primary tests yet inactive in others. This undoubtedly 
stems from the different etiologies of the conditions 
generated in each test and the mechanisms involved in 
the drug’s effect. 


However, the main objective of the front end of the 
program should be to screen the compounds as selec- 
tively as possible (e.g., keep the number of false-nega- 
tive and false-positive conclusions to a minimum). In 
addition, such factors as cost and the scope of the 
screen are important. A program with a scope covering 


only antiarthritics would most likely be quite different 
from one designed to consider all anti-inflammatory 
agents or even analgesics. 


In generating an effective primary screening program 
for anti-inflammatory agents, a question as to the use 
of in uiuo or in uitro methodology arises. In considering 
the alternatives, two generally accepted primary 
screening models, an in uiuo and an in uitro, were com- 
pared to estimate the incidence of false-positive or 
false-negative conclusions within several classes of 
pharmacological agents. It could then be estimated which 
of these methods, if either, would be the best to use on 
the front end of a screening program. Carrageenin- 
induced edema in the rat is used widely as an in uiuo 
model for the primary screening of drugs for anti- 
inflammatory activity, and, more recently, the effect of 
drugs on lysosomal particles in uitro is being employed 
to screen rapidly for such drugs. The in uitro method 
utilized is a technique based on the finding by Malbica 
(1) that anti-inflammatory agents enhance the lyso- 
somal-labilizing properties of N,N,N’,N’-tetramethyl- 
azoformamide (I). This compound was shown by 
Kosower et al. (2) to oxidize glutathione stoichio- 
metrically in red blood cells to the disulfide. In con- 
trast, none of the nonsteroidal anti-inflammatory 
agents tested enhanced labilization induced by cysteine 
(3). 


EXPERIMENTAL 


In Vitro Screening-N,N,N‘,N’-Tetramethylazoforrnamide was 
synthesized according to the method of Crawford and Raap (4). 
Rat liver mitochondrial-lysosomal fractions were prepared ac- 
cording to the method previously described by Malbica and Hart 
(5). The final mitochondrial-lysosomal suspension was in 0.25 M 
sucrose. All livers were obtained from SPF male rats weighing be- 
tween 150 and 200 g. The rats were exsanguinated by decapitation 
prior t o  obtaining the livers. 


The lysosomal enzymes chosen for assay were acid phosphatase, 
/3-glucuronidase, aryl sulfatase, and N-acetyl-P-glucosaminidase. 


Table I-Enhancement Effect of Anti-Inflammatory Agents on N,N,N’,N’-Tetramethylazoformamide-Induced 
Lysosomal Labilization 


,-- Percent Increase in Activity over Control (f S E )  
Mean 


Percent 


Agent at  lo-‘ M Acid Phosphatase 0-Glucuronidase Aryl Sulfatase glucosaminidase Activity 
N-Acetyl-(3- Increase in 


Aspirin 
Chloroquine 
Flufenamic acid 
Hydrocortisone 
Indomethacin 


23 & 4 . 5  11 =I= 9.9n 
18 i 4 . 9  
42 i 6.7 
37 i 8 .5  


66 i 7 . 8  
6 0 i  8 . 5  
53 i 5.7 


5 6 &  5 . 8  55 f 8 . 5  


22 =k 9.8a 


48 + 5.9 
0” 


50 i 9 .3  27 
35 =I= 1 1 . 5  30 
55 i 12.6 51 


44 48 i 2 . 6  
6 4 i  17.6 86 i 4.9  65 


36 + 8 . 8  


Mefenamic acid 59 i 7.2 72 i 5 .7  41 f 9 .2  76 f 8 . 2  62 
Phenylbutazone 79 =!= 13.8 24 i 7.8  42 + 7 . 8  55 Zk 5 . 5  50 


4 Not significant at p 2 0.05 (minimum of four animals). 
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Table 11-Rating Scale to Be Used for 
Comparison between Drugs 


HaC CHa 


Mean Percent Increase in 
Control N,N,N',N'-Tetra- 


meth ylazoformamide-Induced 
Enzyme Activity Rating 


> 70 >1.00 
56-70 1.00 
46-55 0.75 
36-45 0.50 
26-35 0.25 
0-25 0.00 


Acid phosphatase(E.C. 3.1.3.2)and fl-glucuronidase(E.C. 3.2.1.31) 
activity determinations were made according to previously de- 
scribed methods ( 5 ) .  Aryl sulfatase activity (E.C. 3.1.6.2) was colori- 
metrically determined by using p-nitrocatechol sulfate as substrate. 
Incubation was at 37" for 1 hr. at  pH 5.0 (sodium acetate buffer, 
0.1 M ) .  The reaction was stopped with four volumes of 0.2 M 
glycine buffer, pH 10.4, and the developed color was read at  515 
nm. N-Acetyl-0-glucosaminidase (E.C. 3.2.1.29) activity was color- 
imetrically determined by using p-nitrophenyl-N-acetyl-P-D-glucos- 
aminide as the substrate. Incubation was for 30 min. at  37" and 
pH 5.0 (sodium acetate buffer, 0.1 M ) ,  after which time the reaction 
was stopped by addition of four volumes of 0.1 N NaOH and the 
developed color was read at  400 nm. Lysosomal suspensions were 
assayed for nitrogen content by a micro-Kjeldahl technique and nes- 
slerization. 


For the screening method, the control incubation mixture con- 
tained the mitochondrial-lysosomal fraction suspension equivalent 
to 1.2-2.0 mg. of protein, sucrose-trihydroxymethylamine acetate 
buffer (0.25 M sucrose in 0.04 M buffer, pH 7.4), and N,N,N',N'- 
tetramethylazoformamide at 1 X M. Test anti-inflammatory 
agents were added at the desired concentration. The final volume 
of the mixture was 4.0 ml., and incubation was for 60 min. at 37". 
Water-insoluble test compounds were dissolved in absolute ethanol. 
The addition of ethanol solutions to the incubation mixture, where 
applicable, did not exceed a final concentration of 1 % vjv of eth- 
anol. This concentration of alcohol had no effect on the enzymatic 
activity of mitochondrial-lysosomal fractions. At the end of the 
incubation period, the entire mixture was centrifuged at 15,ooOXg 
for 15 min. at 0". The resulting clear supernatant-containing free 
acid hydrolases (nonsedimentable activity) were then assayed. 


The percentage that each test compound increased the release (as 
measured by an increase in activity) of the four individual enzymes in 
the presence of N , N ,  N',N'-teframethylazoformamide was cal- 
culated according to  the following formula: 


(s -- ' j  X 100 = % increase in enzyme activity (Eq. 1) 
Y 


where: 


x = [activity (absorbance) of the enzyme in the presence of 


y = [activity (absorbance) of the enzyme in the presence of 


Statistical evaluations of the results were made using Student's t 
test. 
In Vi'ivo Screening-Fasted (16-hr.) male albino rats (Wistar- 


derived, SPF) in the weight range of 160-180 g. were administered 
drugs by oral intubation (10 ml./kg.). Water was allowed adlibitrtnz. 
All soluble drugs were dissolved in 0.9% saline; insoluble drugs 
were wetted with propylene glycol and suspended in 0.9% saline. 
Immediately following the oral administration, 0.1 ml. of a 1% 
sodium carrageenin1 suspension in sterile saline was injected into 
the subplantar region of the right hind paw. The volume of the in- 
jected paw was then immediately measured by volume displacement 
and again at 4 hr. after drug administration. In general, six animals 
were used per test drug dose, and a control group receiving 10 ml./ 
kg. of the drug vehicle was tested simultaneously for comparison. 


N ,  N,N',N'-tetramethylazoformamide and test compound] 


N,N,N',N'-tetramethylazoformamide] 


Marine Colloids, Inc. 


\ / 
I1 \ 


N-C-N=N-C-N 


H K  / A  0 CHI 
I 


The percent inhibition was calculated using the mean volume 
increase for each group, and a Student's r was determined to esti- 
mate the significance of each test. 


RESULTS AND DISCUSSION 


Table I illustrates how a number of reference anti-inflammatory 
agents performed in the in uitro test. All agents at  lo-' M enhanced 
the release of the lysosomal enzymes which was induced by N,N,- 
N', N'-tetramethylazoformamide alone. Aspirin was the least 
active in this respect, while indomethacin produced the greatest 
increase. In general, the effect of an individual drug was similar for 
all of the enzymes. However, there were some cases (e.g. ,  the effect 
of chloroquine on aryl sulfatase and of phenylbutazone on 0- 
glucuronidase), where there was a lesser or greater effect on one 
enzyme. In the case of phenylbutazone, it is known that this agent 
will directly inhibit the enzyme (6). Also, in the case of chloroquine, 
it was found that at lo-' M there was an inhibition of the aryl sul- 
fatase. 


On the basis of these data, a rating scale based on the mean per- 
cent increase in enzyme activity was devised (Table 11) to permit 
comparison between drugs. Thus, any compound showing a mean 
percent increase of less than 25 


Table 111 reports how the various anti-inflammatory agents at 


Table IV compares the activity of drugs from different pharmaco- 
logical classes in the two tests. A literature value for the dosage at  
which an accepted pharmacological effect of the drug can be seen is 
included in most cases to supply a dosage level comparison for the 
i/i riiuo work. Several of the drugs listed under a category could very 
well be listed in more than one class but were placed only in one for 
simplicity. 
In the anti-inflammatory-antiarthritic class, all compounds 


showed activity in both tests. In the iu uitro test, the activity of 
aspirin and chloroquine was seen at lo-' but not M. The 
doses required for the various agents in the iii uil.0 test were in gen- 
eral agreement with literature reports. The dose required for a 
significant effect with mefenamic acid was higher than is usually 
reported. 


In the in uiuo test, for a compound to be considered as a potential 
anti-inflammatory agent, it must show activity at a dose that does 
not produce other significant pharmacological effects (side effects). 
For example, amphetamine, listed in the autonomic class, will 
produce significant anti-inflammatory activity in the carrageenin test 
at  5 and 50 mg./kg. But at  these doses, it produces marked auto- 
nomic, cardiovascular, and CNS effects and therefore cannot be 
considered as a potential anti-inflammatory agent. At more rea- 
sonable doses, for example, 2 mg./kg., where it still produces 
significant pharmacological effects, it does not produce significant 
anti-inflammatory activity. Thus, one must consider the doses re- 
quired for accepted pharmacological responses when determining 
whether or not there is a false-positive result. In practice, when 
working with unknown drugs during the actual screening situation, 
the presence of other significant untoward pharmacology must be 


would be classified as inactive. 


M appear when rated according to  this scale. 


Table 111-Anti-Inflammatory Agents Rated According to Mean 
Enhancement Effect on N,N,N',N'-Tetramethylazoformamide- 
Induced Lysosomal Labilization 


Rating (at 1 0 P  M 
Agent Concentration) 


Indomethacin 1 00 
Mefenamic acid 1 .oo 
Flufenamic acid 0.75 
Phenyl butazone 0.75 
Hydrocortisone 0.50 
Aspirin 0 .25 
Chloroquine 0.25 
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Table IV-Activity of Several Classes of Pharmacological Agents in Two Types of Anti-Inflammatory Screening Tests 


Drug 


~ 


In Vivo Dose, mg./kg. for 
-In Vitro--- Percent Inhibition Accepted Effect in Rats 
Rating at 10-4 M Dose, mg./kg. p.0. of Edema (per 0s) (Reference) 


Aspirin 


Chloroquine 


Aufenamic acid 


Hydrocortisone hydrochloride 


Indornethacin 


Mefenamic acid 


Phenylbutazone 


Chlorpheniramine rnaleate 


Cyproheptadine hydrochloride 


Pyribenzamine hydrochloride 


Cyclophospharnide 
6-Mercaptopurine 
Methotrexate 


Aminopyrine 


Codeine sulfate 
Meperidine hydrochloride 


Morphine sulfate 


Pentazocine lactate 


Phenacetin 


Propoxyphene hydrochloride 
Salicylamide 


Amphetamine sulfate 


Atropine sulfate 
Dibenamine 


Iproniazid phosphate 


Mecamylamine hydrochloride 


Procaine hydrochloride 
Tolazoline 


Tranylcypromine sulfate 


Chlorpromazine hydrochloride 


Anti-Inflammatory, Antiarthritics 
0.25 100 
0.W 300 
0.25 
0 . 0 0 C  


0 . 7 5  
> l . @  


0.50 
>1.@ 


1 .00 
1 .ooc 
1 .00 


0 .75  
0 . 7 9  


30 
300 
500 
30 


300 
30 


100 
1 
5 


10 
100 
300 


30 
100 


Antihistamines and/or Antiserotonins 
0.25 10 
0.oc 30 


300 
(2/6 deaths) 


>1 .o 1 
O.@ 10 
0.0 10 


0.0 100 
0.0 100 
0.0 5 


Immunosuppressives 


0 


0 
0 


0 


0 


0 . 7 5  
0.5@ 


0 
0 


0 


0 
1 .o 
1 .@ 
0 


0 


0 
0 


0 


Analgesics 
100 
300 
50 


100 
150 


15 
50 


100 
(1/6 deaths) 


100 
200 


75 
100 
500 


Autonomic Agents 
2 
5 


50 
(1/6 deaths) 


50 
30 


300 
100 
150 
10 
50 


100 
100 
300 


5 
10' 


CNS Agents 
>1 .o 10 


08 100" 


18 Sa 
51 S 
0 NSb 


39 s 
45 s 
37 s 
50 S 
44 s 
74 s 


9 NS 
50 S 
55 s 
22 NS 
45 s 
38 S 
45 s 


18 NS 
41 S 
80 s 
8 NS 
0 NS 
0 NS 


0 NS 
22 s 
21 NS 


45 s 
56 S 
17 NS 
18 NS 
25 NS 
23 NS 
50 S 
39 s 
9 NS 
4 NS 


24 NS 
35 NS 
24 NS 
8 NS 
0 NS 
0 NS 


0 NS 
40 S 
51 S 


28 NS 
10 NS 
9 NS 
0 NS 


25 NS 
24 NS 
68 S 
0 NS 


13 NS 
3 NS 


13 NS 
38 S 


0 NS 
65 S 


30-300 (10) 


>400 
- 


- 
- 


10-100 (11, 12) 
- 


6-18 - (10) 


5 (13) 


10 (14) 


- 
- 


- 
30-90 (10) 
- 


0.1-12 (15) 
- 
- 


0.08 (16) 
5 (17) 
5 (17) 


5 (18) 
35 (19) 


0 . 5  (19) 


200 (20) 


22.5 (16) 
- 


100-200 (17) 
- 


15.4 (16) 
- 
- 


14 (21) 


560 (17) 
- 


- 
- 


65 
200 (17) 
- 


10 (16) 
75-1Wd (22) 


- 


100 (16) 


175" (23) 
2 . S  (16) 
2000 (17)' 


- 


1-2' (24) 


5 (16) 
- 


- 
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Table IV--(Conlirrued) 


----- In Vivo- Dose, mg./kg. for 
-In Vitro- Percent Inhibition Accepted Effect in Rats 


Drug Rating a t  lo-‘ M Dose, mg./kg. p.0. of Edema (per 0s) (Reference) 


Imipramine 


Sodium phenobarbital 
Trimeprazine tartrate 


0 .50 
O C  


0 
0.50 
0“ 


10 
50 


100 


24 NS 
0 NS 


39 s 
300i 28 NS 
100 25 NS 


200 (25) 
100’ (16) 


25 (14) 
- 


- 


Miscellaneous 
Digitoxin 0 50 20 NS 94e (26) 
2,4-Dinitrophenol >1.0 30 11 NS - 


O C  


2820e (26) 
- 


Furosemide 0 30 0 NS 
300 55 s 


Papaverine hydrochloride 0 50 29 NS - 


Sodium chloride (0.9 %) 0 10 ml./kg. 0 -  - 


a S means significant a t p  < 0.05. b NS means not significant at p > 0.05. c Rating at M .  Incubation for aryl sulfatase was 60 min. d LDso, mice, 
intraperitoneal. p Oral LDso, rats. f Oral in mice. u Intraperitoneal. h Intravenous, dogs and cats. %Toxicity noted. 


ruled out before a drug at a given dose level is considered as having 
true anti-inflammatory potential. 


In the antihistamine and/or antiserotonin class, chlorpheniramine 
and cyproheptadine are both active at  loe4 M in the in vitro test. 
Cyproheptadine is a rather potent drug, as can be seen by its re- 
quired oral dose for effect. Thus, when tested at  a probably more 
physiological concentration, M ,  it loses its activity in the in 
rirro test. In the in oiuo test, all the drugs in this class would be con- 
sidered as inactive or with no potential. 


Neither test was able to pick out the immunosuppressive drugs. 
This fact is in favor of the selectivity of the methods but is disturb- 
ing if the intent of the screening program is t o  aim for all com- 
pounds that have antiarthritic potential, which would certainly 
include immunosuppressive agents. 
In the analgesic class, phenacetin showed up as active in the in 


ritro test at  M.  This activity is interesting in that the 
drug does possess both antipyretic and analgesic properties-two 
effects generally associated with anti-inflammatory effects. It did not 
display significant anti-inflammatory activity in the in uico test. 


Aminopyrine was active in the in L;ivo test, but this is not sur- 
prising because the compound is reported to have anti-inflammatory 
activity. It was inactive in the in uirro test. Unfortunately, its toxicity 
(7) prevents its use in therapeutics. 


In the autonomic agent class, dibenamine was active at  both 
M in the in uitro test, whereas it was inactive in the 


in rico test. This compound’s high lipid solubility and capability 
of acting as an alkylating agent may enable it t o  have a direct 
effect on the lysosomal membranes (7, 8). 


In the CNS class, chlorpromazine, imipramine, and trimeprazine 
were all active at M in the in ritro test. Only imipramine was 
active at  a reasonable dose level in the in viuo test. Chlorpromazine 
was shown (9) to disrupt lysosomes in cell culture. Trimeprazine, 
being a phenothiazine, probably acts similarly. At 1W6 M ,  the 
effect of both phenothiazines was no longer seen. Imipramine was 
not active at M ;  but since it is not an extremely potent com- 
pound, it should not have shown activity at 10-4 M. 


In the miscellaneous class, 2,4-diiiitrophenol, an uncoupler of 
oxidative phosphorylation, was active at  but not M in the 
in vitro test. This activity is unexplained. Furosemide was active at  
300 mg./kg. but not 30 mg./kg. in the in sivo test. 


In conclusion. false-positives occur with both of the tests dis- 
cussed here, with only a little overlap between drugs. Therefore, it 
is suggested that the most selective way of screening for anti-in- 
flammatory agents on the primary level would be to  evaluate the 
compounds in both tests with the requirement that they show activity 
in borh in order to be further considered. If this were the case here, 
the only drug out of 38 compounds tested that would have fooled 
us would have been imipramine. 


On the other hand, it appears that neither test is able to  predict 
immunosuppressive agents effectively, thus requiring other meth- 
odology for the primary screening of drugs that are potential im- 
munosuppressives, including antiarthritics which could be acting 
by that mechanism. The rat adjuvant arthritis test would be suit- 


and 


and 


able but, unfortunately, requires much more compound, effort, and 
time to complete. 
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Complexation of Acetaminophen with Methyl Xanthines 


Y. P. CHOW and A. J. REPTA' 


Abstract 0 The interaction, in aqueous solution, of acetamino- 
phen with caffeine, theophylline, and theobromine was investigated. 
Caffeine and theophylline form isolatable crystalline 1 : 1 complexes 
with acetaminophen, while theobromine apparently does not com- 
plex with acetaminophen. The caffeine-acetaminophen complex 
was found to exist in three forms. differing only in the degree of 
solvation. The solubility and dissolution rates of some of the 
caffeine-acetaminophen and tlieophylljne-acetaniinopheii com- 
plexes were determined. 


Key phrases 0 Acetaminophen--complexation with methyl xan- 
thines, particularly caffeine and theophylline 0 Caffeine-acetamino- 
phen complexes-isolation, solubility, dissolution rates, stability 
constants 0 Theophylline-acetaminophen complexes-isolation, 
solubility, dissolution rates, stability constants 0 Complex forma- 
tion-acetaminophen with methyl xanthines 0 Analgesic avail- 
ability-effect of complexation 


Many studies have shown that caffeine and related 
xanthines are capable of interacting in aqueous media 
with a variety of drugs through complexation (1). 


In  a recent search of the literature relative to  the 
possible influence of complexation on the availability of 
analgesics, it became obvious that the effect of the 
interaction of acetaminophen with the methyl xanthines 
had not been reported. 


Although acetaminophen and caffeine are present 
in many commercial analgesic products (2), the role or 
purpose of caffeine as a therapeutically active ingredient 
may be doubtful. However, such combinations may 
exhibit physical-chemical interactions of pharmaceutical 
interest and importance from a formulation standpoint. 


EXPERIMENTAL 


Equipment'-Constant-teniperature water baths were used which 
maintained the temperature at 25 f 0.1 @. Tablets for the dissolu- 
tion studies were prepared using a Carver press and a flat-face 
punch and die with a diameter of 1.27 cm. (0.5 in.). The dissolution 
apparatus consisted of a 500-ml., two-necked round-bottom flask 
immersed in a constant-temperature bath. The dissolution medium 
(350 ml. of water) was stirred through the central neck of the flask 
using a stirring motor2 and an L-shaped glass stirrer located 2.5 cm. 


Spectrophotometric measurements werc made using a Cary model 
14 or 15 spcctropliotometer. Differential scanning calorimetry was per- 
formed using a Perkin-Elmer model DSC-IB difi'erential scanning 
calorimeter. Thc Varian model T-60 was used for obtaining NMR 
spcctra. 


Inframo model RZR64. 


Table I--Amounts of Substrate and Ligand Used in the 
Various Solubility Studies 


Substrate Ligand 


Acetaminophen, 2 g. 
Acetaminophen, 1 . 5  g. 
Theobromine, 0.03 g. 


Caffeine, 0-3.1 g. 
Theophylline, 0-2.4 g. 
Acetaminophen, 0-0.32 g. 


above the bottom of the flask. The stirring rod was fashioned from 
a 7-mm. glass rod, as shown in Fig. 1. 


Materials-Caffeine, theophylline, theobromine, and acetamino- 
phen were recrystallized from distilled water, dried to constant 
weight, and shown to be anhydrous by differential scanning calo- 
rimetry and/or NMR. Melting points were found to be in good 
agreement with literature values ( 3 ) .  All water used was distilled 
from acid permanganate solution in an all-glass apparatus. The 
NMR spectra were obtained in deuterated dimethyl sulfoxide 
(97.5% isotopic purity). All other reagents were of analytical or 
reagent grade. 


Methods-Solubilify Study-A certain quantity of substrate, in 
excess of its aqueous solubility, was placed in 30-ml. glass, screw- 
cappedvials together with increasing but accurately weighed amounts 
of ligand (Table I )  and 20 ml. of distilled water. The vials were 
sealed and fixed on a rotating shaft in a constant-temperature bath 
and equilibrated for 48 hr. at  25 f 0.1". Aliquot portions of the 


A S S  R O D  


Figure 1-Shape and dime/isions of glass stirrer used i r ~  dissolutiorl 
rate studies. 
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Biopharmaceutical Studies on Guaiacol Glyceryl 
Ether and Related Compounds V 


SHUN-ICHI NAITO', MITSUO MIZUTANI, SEIMEI OSUMI, TADAHIRO MIKAWA, 
KYOKO SEKISHIRO, KEIKO NAKAO, and HIDEYUKI WAKITA 


Abstract 0 Filtration using a crosslinked dextran gel was performed 
to determine the mechanism by which guaiacol glyceryl ether mono- 
nicotinate causes an increase in the solubility of cholesterol. The 
effects of guaiacol glyceryl ether mononicotinate and its related 
compounds on the incorporation of radioactive acetate into choles- 
terol also were investigated to obtain information concerning their 
hypocholesteremic behavior. Blood levels and urinary metabolites 
of guaiacol glyceryl ether mononicotinate in man were determined. 
Although the main purpose cf the present study was not to investi- 
gate pharmacological effects of guaiacol glyceryl ether mononico- 
tinate, it was noted that this compound displayed some analgesic 
but no antihistamine or anti-inflammatory activity. 


Keyphrases 0 Guaiacol glyceryl ether mononicotinate-effect on 
solubility of cholesterol and incorporation of radioactive acetate, 
blood levels and urinary metabolites in man 0 Hypocholesteremic 
activity-guaiacol glyceryl ether mononicotinate 0 Blood levels- 
guaiacol glyceryl ether mononicotinate, man 0 Urinary metab- 
olites-guaiacol glyceryl ether mononicotinate, man 0 Choles- 
terol, solubility and incorporation of radioactive acetate-effect of 
guaiacol glyceryl ether mononicotinate 


Blood levels of guaiacol glyceryl ether mononicotinate 
in animals, the effects of it and related compounds on 
bile in animals, and the hypocholesteremic effect were 
previously reported (I). 


The present study was concerned with guaiacol glyc- 
eryl ether mononicotinate; a few of the pharmacologi- 
cal effects, together with the hypocholesteremic mecha- 
nism of action of guaiacol glyceryl ether mononicoti- 
nate, were investigated. Moreover, blood levels and 
urinary metabolites of guaiacol glyceryl ether mono- 
nicotinate in human test subjects were determined as a 
preliminary for evaluation of clinical activities of guai- 
acol glyceryl ether mononicotinate. 


EXPERIMENTAL 


Effect of Guaiacol Glyceryl Ether Mononicotinate on Squirming 
and Capillary Permeability-The procedure was performed by the 


method of Whittle (2) and Naito et al. (3). Each group consisted 
of 10 mice (dd strain, average weight 15 g.). 


Tail Withdrawal Reflex in Mice-The method for analgesimetry 
described in the paper of Ben-Bassat et al. (4) was used. Each group 
consisted of 12 male mice (dd strain, average weight 15 g.). 


Anti-Inflammatory Activity-The method for anti-inflammatory 
testing (involving the use of carrageenin) reported previously (3) 
was used in this part of the study. Each group consisted of five male 
rats (Wistar strain, average weight 180 g.). 


Antihistamine Activity-Guinea pigs (Hartley strain, average 
weight 300 8.) were used in the experiment carried out by the pro- 
cedure of Labelle and Tislow ( 5 ) .  Each group consisted of five male 
guinea pigs. 


Effect of Guaiacol Glyceryl Ether Monohicotinate on Duration of 
Sleep Induced by Hexobarbital and on Blood Level of Hexobarbital- 
Each test group consisted of 10 male rats (Wistar strain, average 
weight 150 g.). Each animal received 100 mg./kg. of hexobarbital 
intraperitoneally, and guaiacol glyceryl ether mononicotinate was 
given intraperitoneally 30 min. prior to the hexobarbital injection. 
The experimental design was the same as that reported by Brodie 
et al. (6). 


Column Filtration-The gel2 washed with distilled water was 
filled up to a 20-cm. height in a glass tube 15 mm. in diameter. One 
milliliter of human serum (cholesterol, 530 mg. %) from high cho- 
lesterol patients was used as a serum sample. After the addition of 
a serum sample to the column, 150 ml. of distilled water containing 
500 mcg./ml. of either guaiacol glyceryl ether, 8-(4-hydroxy-2-me- 
thoxyphenoxy)lactic acid, or ~-(2-methoxyphenoxy)lactic acid was 
passed through the column as an eluting solvent and collected in 
3-ml. fractions. It was previously ascertained that this volume of the 
eluant was sufficient to elute the cholesterol. Cholesterol in the elu- 
ant was determined by the method of Zurkowski (7). 


Incorporation of Acetate into Cholesterol by Rat Liver Slices- 
Guaiacol glyceryl ether mononicotinate or meso-inositol hexanico- 
tinate (inositol niacinate), which is insoluble in water, was passed 
through a 200-mesh screen to make an homogeneous suspension 
with water. The other compounds tested were all water soluble. 


Male rats (SD strain, average weight 250 g., 7 weeks old) were 
used for this experiment. After the rats were killed by decapitation, 
their livers were quickly removed and sliced with a microtome and 
approximately. 500 mg. of slices was placed in 5 ml. of Krebs- 
Ringer buffer (pH 7.4, a mixture of 41.8 ml. of 0.9% NaCl, 63.8 ml. 
of 1.15 % KCI, 3.0 ml. of 1.22 CaC12, 1 .O ml. of 2.11 % KH2P04, 
1.0 ml. of 3.82% MgSOn.7Hz0, and 21.0 ml. of 1 .30z NaHC03). 
The buffer containing sodium acetate-l-14C: (2.3 pc./5 pmoleslflask) 


1 Guaiacol glyceryl ether is officially known as glyceryl guaiacolate. 
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Table I-Effect of Test Compounds on Incorporation of 
Acetate-1-'4C into Cholesterol by Rat Liver Slices 


5c 


Concen- 
tration, 


mcg./5 ml. 
Krebs- d.p.m.a/mg. d.p.m./mg. 
Ringer Tissue, Cholesterol, 


Compound Buffer M V f  SEb M V f  SE 


Control 
Nicotinic acid 
Guaiacol glyceryl ether 
Control 
Mixture of: 


guaiacol glyceryl ether 
and nicotinic acid 


Control 
(2-Methoxyphenoxy)- 


acetic acid 
P-(2-Met hoxyphenoxy)- 


lactic acid 
0-(4-Hydroxy-2-me- 


thoxy)lactic acid 
Control 
Guaiacol glyceryl ether 


meso-Jnositol hexanico- 
mononicotinate 


tinate 


__ 
1550 
2500 


25001 
15501 


2500 


2500 


2500 


-_ 


-_ 
2500 


2500 


6 
6 
5 


.40 f 0.64 2964 f 437 


.46 f 0.65 3005 f 486 


.61 f 0.16 2347 f 49 
5.03 f 0.68 1644 f 141 


3.06 f 0.42 1247 f 138 


11.34 f 0.75 3565 f 103 
4.53 f 0.98 1396 f 281 


2.21 f 0.22 698 f 32 


2.37 f 0.03 766 5 44 


6.62 f 0.33 1657 f 87 
4.24 f 0.14 1090 f 25 


3.00 f 0.30 759 f 84 


Disintegrations per minute. * Mean value with standard error was 
obtained from five experiments. 


and a test compound having the concentration shown in Table I was 
oxygenated for 30 min. prior to use. This mixture was incubated 
under oxygen, with shaking, at 37 f 1 for 2 hr. A control flask was 
set up at the same time, identical in all respects to the test sample 
except that no compounds other than those of the buffer were added. 


Excess moisture was removed from the liver slices with filter 
paper, and then these slices were homogenized with 20 ml. of a 
mixed solvent of chloroform and methanol (2: l  v/v) and centri- 
fuged. The residue was reextracted with 10.5 ml. of the mixed sol- 
vent already mentioned. The combined extract was evaporated to 
dryness and redissolved in 15 ml. of petroleum ether. The petroleum 
ether solution was washed with 10 ml. of water and evaporated to 
dryness, and the residue was dissolved in 3 ml. of ethanol. One milli- 
liter of this ethanol solution was mixed with 1 ml. of 0.5 N KOH, 
and the mixture was hydrolyzed at 50" for 30 min. 


This mixture was neutralized with 30% acetic acid (phenolphthal- 
ein being used as an indicator) and concentrated to about 0.1 ml. 
over a steam bath. The concentrate was mixed with 1 ml. of 1% 
digitonin solution (a mixed solvent of ethanol and water, 3 : 1, being 
used). and the mixture was allowed to stand overnight at room tem- 
perature. After centrifugation, the supernate was removed and the 
precipitate was washed successively with 2 ml. each of acetone and 
ether and redissolved in 1 ml. of acetic acid. This acetic acid solution 
was then used for the determination of radioactivity and cholesterol 
using the following procedures: 


1. A mixture of 0.5 ml. of the acetic acid solution, 3 ml. of meth- 
anol, and 10 ml. of toluene scintillator ( 5  g. of 2,5-diphenyloxazole 
and 0.3 g. of dimethyl 1,4-bis-2-(4-methyl-5-phenyloxazolyl)ben- 
zene to make 1000 ml. with toluene) was used for determination of 
radioactivity, using a liquid scintillation countera. Corrections for 
quenching were made by the channel ratio method. 


2. Cholesterol in 0.2 ml. of the acetic acid solution was deter- 
mined by the method of Zak (8). 


The weight of the slices used was calculated by comparison with 
the cholesterol content in accurately weighed slices prepared sepa- 
rately (9). 


Detection of Metabolites in Incubation Mixtures of Rat Liver 
Slices with Test Compounds-Guaiacol glyceryl ether, nicotinic 
acid, or a mixture of guaiacol glyceryl ether and nicotinic acid was 
used as a test sample. An incubation mixture of rat Liver slices with 
a test sample was prepared under the same experimental conditions 
as described in the experiment of Incorporation of Acetate into Cho- 


Packard Tri-Carb. model 3380. 


5 


1 2 3 4 
HOURS AFTER ADMINISTRATION 


Figure 1-Mean plasma level of hexobarbital after the intraperi- 
toneal administration of 100 mg.lkg. of hexobarbital to rats. Key: 
0,  hexobarbital injection; and 0, guaiacol glyceryl ether mononico- 
tinate (100 mg.lkg.) given prior to hexobarbital injection. 


lesterol by Rat Liver Slices. After centrifugation of an incubation 
mixture, 1 ml. of the supernate was mixed with 2 ml. of ethanol and 
this mixture was stirred thoroughly. After standing for 15 min. in 
an ice bath, the material was centrifuged and the supernate was 
evaporated to dryness in vacuo below 50". The residue obtained was 
mixed with 50 pl. of ethanol, and the mixture was subjected to TLC 
(12). In TLC used for this experiment, a mixture of benzene, meth- 
anol, and chloroform (4:3:4) was used as a solvent, and Dragen- 
dorffs reagent was used as a color developer. 


Blood Level of Guaiacol Glyceryl Ether Mononicotinate in Human 
Subject-To each male human subject fasted overnight, 400 mg. of 
guaiacol glyceryl ether mononicotinate, screened through a 100- 
mesh sieve, was administered orally in capsule form. Blank urine 
and blood samples were collected prior to the oral administration of 
the test sample. Venous blood samples were collected at 0.5, 1.0,2.0, 
3.0,4.0,6.0, and 7.0 hr. after the oral administration; about 100 ml. 
of water was given orally every sampling time. Unchanged guaiacol 
glyceryl ether mononicotinate and free nicotinic acid as the hy- 
drolysis product of guaiacol glyceryl ether mononicotinate in hu- 
man blood were assayed by a method previously described (10) 
using barbital and ammonia buffers, respectively. 


Detection of Metabolites of Guaiacol Glyceryl Ether Mononico- 
tinate in Human Urine-In the 7-hr. period following the adminis- 
tration of the 400-mg. dose of guaiacol glyceryl ether mononicoti- 
nate, approximately 1340 ml. of urine was collected. The urine sam- 
ples were freeze dried and a 50-g. residue was obtained. Appropriate 
controls were obtained by freeze drying the blank urine samples ob- 
tained prior to administration of the test dose. 


A mixture of 200 mg. of the freeze-dried residue and 1 ml. of 5 N 
HCI was incubated at 37 f 2" for 1 hr. This mixture was then ex- 
tracted three times with 10 ml. of ether, and the combined ethereal 
solution was evaporated in uacuo. An ethanol solution of this residue 
was analyzed qualitatively using TLC as shown in Table IT. 


RESULTS AND DISCUSSION 


Concurrent changes in the peritoneal capillary permeability dur- 
ing squirming were measured according to the method of Whittle 
(2). The EDso of guaiacol glyceryl ether mononicotinate for inhibi- 
tion of squirming is 178 (98.9-320.4) mg./kg. Since reduction of the 
permeability response was less than 50% over the entire range of 
doses that inhibited squirming, there are no corresponding EDso 
values for the permeability effect. Therefore, it was shown that 
guaiacol glyceryl ether mononicotinate inhibits squirming at a dose 
level which does not reduce peritoneal capillary permeability. 


Computation of the EDsa and its confidence limits for the tail 
withdrawal reflex in mice (4) was made by probit analysis. The 
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Table 11-TLC” 


Color ~ _~_.  


TLC Color of 
System Developer Material R ,  Spotb 


A Benzene- 
methanol- 
xylene- 
acetic acid 
(45 : 5 : 5 :2) 


B Toluene- 
methanol- 
acetic acid 
(45 :5  :2) 


C Benzene- 
methanol- 
xylene- 
acetic acid 
(45 :5  : 5 :2) 


K2Cr20f 8-(4-Hydroxy-2-me- 
t hox yphenoxy)- 
lactic acid 


(4-Hydroxy-2-me- 
thoxyphenoxy)- 
acetic acid 


8-(2-Methoxyphen- 
oxy)lactic acid 


Guaiacol glyceryl 
ether 


Urine 


K2Cr207 8-(4-Hydroxy-2-me- 
thoxyphenoxy)- 
lactic acid 


(4-Hydroxy-2-me- 
thoxyphenoxy)- 
acetic acid 


8-(2-Methoxyphen- 
oxy)lactic acid 


Guaiacol glyceryl 
ether 


Urine 


DABAd Guaiacol glyceryl 
ether 


Guaiacol glyceryl 
ether mononicoti- 
nate 


8-(2-Methoxyphen- 
oxy)lactic acid 


Urine 


0.06 Y 


0.13 Y 


0.21 G 


0.37 G 


0.01 B 
0.06 Y 
0.21 G 


0.37 G 
0.47 P 
0.52 G 
0.10 Y-Gn 


0.34 L-B 


0.14 Y-Gn 


0.22 G-V 


0.33 V 


0.10 Y-Gn 
0.22 G-V 
0.33 v 
0.49 L-B 
0.27 R-V 


0.36 R-V 


0.10 R-V 


0.02 B 
0.05 B 
0.10 R-V 
0.27 R-V 
0.30 B 
0.43 B 
0.51 R-B 


~~ 


Adsorbent: Diatomite (Kieselgel G), 0.25 mm. in thickness; distance 
developed 15 cm. No spots were found in the control urine in TLC 
Systems A. B, and C. * Y, yellow; G, gray; B, brown; L-B, light brown; 
P, pink; Y-Gn, yellowish-green; G-V, gray-violet; V, violet; R-V, 
reddish-violet; R-B, reddish-brown. KzCrzO7-3 % K~Cr207 in concen- 
trated sulfuric acid. DABA-I Z p-dirnethylaminobenzaldehyde in 
equivolurninal mixture of ethanol and 50% sulfuric acid. 


method involved dividing the animals reacting after 30 min. into two 
groups: “refractory” (pain reaction time o f  1.7 sec. or more) and 
“nonrefractory” to aminopyrine and guaiacol glyceryl ether mono- 
nicotinate. The ED50 and 95% confidence limits were 37 (22-59) 
and 107 (76-150) mg./kg. for aminopyrine and guaiacol glyceryl 
ether mononicotinate, respectively. 


No anti-inflammatory effect of guaiacol glyceryl ether mono- 
nicotinate on edema induced by carrageenin was observed at loo-, 
200-, and 300-mg./kg. doses, and no antihistaminic activity of 
guaiacol glyceryl ether mononicotinate was observed at 200-, 300-, 
350-, and 400-mg./kg. doses. 


The hexobarbital concentration obtained in plasma with and 
without guaiacol glyceryl ether mononicotinate is shown in Fig. 1. 
The concentration of hexobarbital in brain homogenate was not af- 
fected by guaiacol glyceryl ether mononicotinate administration. 
The plasma concentration of  hexobarbital, at the time of the return 
of the righting reflex, was estimated graphically from the plasma 
level curve. Duration of action‘, plasma level on awakingK, and 


4 Time interval between loss and return o f  righting reflex. 
Return of righting reflex. 
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1 2 3 4 5 6 7 
HOURS AFTER ADMINISTRATION 


Figure 2-Mean blood level of unchanged guaiacol glyceryl ether 
mononicotinate and nicotinic acid liberated from guaiacol glyceryl 
ether mononicotinate by hydrolysis in human blood after oral ad- 
ministration of 400 mg. of guaiacol glyceryl ether mononicotinate. 
Key: W, unchanged guaiacol glyceryl ether mononicotinate; and 0, 
nicotinic acid liberated by hydrolysis. lhree human subjects were 
tested. They were, respectively, 35, 44, and 53 years old: 53, 68, 
and 74 kg. in body weight; and 164,160, and 164 cm. in height. 


biological half-life of hexobarbital were found to be 28.9 f 7.4 
rnin., 38 mcg./ml., and 66 rnin., respectively, after intraperitoneal 
administration of hexobarbital, and 28.7 f 4.4 rnin., 36 mcg./ml., 
and 69 min., respectively, after the administration of hexobarbital 
and guaiacol glyceryl ether mononicotinate. Thus, no effect of guai- 
acol glyceryl ether mononicotinate on hexobarbital concentration 
in plasma or on duration of sleep induced by hexobarbital was ob- 
served. 


To determine how guaiacol glyceryl ether, in an incubation mix- 
ture of guaiacol glyceryl ether and human high cholesterol serum, 
increases solubility of cholesterol through the dextran gel filtration 
(ll), column filtration over the gel was carried out with distilled 
water containing guaiacol glyceryl ether or its metabolites such as 
~-(4-hydroxy-2-methoxyphenoxy)lactic acid and P-(2-methoxyphen- 
oxy)lactic acid. In this determination, these compounds did not in- 
crease the water solubility of cholesterol, within the experimental 
error. This finding indicates that guaiacol glyceryl ether is not re- 
sponsible for the increase in the water solubility of cholesterol in an 
incubated mixture of guaiacol glycerol ether and high cholesterol 
human serum (11). On the other hand, it was ascertained that no 
metabolites of guaiacol glyceryl ether were present in an incubated 
mixture of guaiacol glyceryl ether and human serum containing high 
cholesterol levels (12). 


Perry (13) reported that the incorporation of radioactive acetate 
into cholesterol was diminished in liver slices treated with nicotinic 
acid. The failure of this work to  support this finding may be attribut- 
able to  the employment of a concentration of nicotinic acid lower 
than that used in the Perry study. The concentrations of guaiacol 
glyceryl ether and nicotinic acid used were selected considering the 
molar ratio of both compounds in the guaiacol glyceryl ether mono- 
nicotinate molecule. 


Among the compounds tested, ~-(2-methoxyphenoxy)lactic acid 
and ~-(4-hydroxy-2-methoxyphenoxy)lactic acid markedly de- 
pressed the incorporation of radioactive acetate into cholesterol. 
Analogous results were also observed with (4-hydroxy-2-methoxy- 
phenoxy)acetic acid, guaiacol glyceryl ether mononicotinate, and 
meso-inositol hexanicotinate. The results obtained with these com- 
pounds seem to be somewhat inexact inasmuch as a suspension 
rather than a solution of guaiacol glyceryl ether mononicotinate in 
Krebs-Ringer buffer was used. 


As shown in Table I, the mixture of nicotinic acid and guaiacol 
glyceryl ether proved inhibitory to the incorporation of radioactive 
acetate into cholesterol. Conversely, no such inhibitory influence 
was exerted when each compound was employed separately. In an 
attempt to determine the reason for this difference, an investigation 
was made of the metabolites resulting from the 2-hr. incubation of 
liver slices with nicotinic acid alone and with nicotinic acid in com- 
bination with guaiacol glyceryl ether. No metabolites of nicotinic 
acid other than those in the control nicotinic acid mixture were 







found in the incubated mixture with guaiacol glyceryl ether mono- 
nicotinate. 


On the other hand, fi-(2-methoxyphenoxy)lactic acid was found 
in an incubated mixture of guaiacol glyceryl ether and nicotinic 
acid with liver slices, although only unchanged guaiacol glyceryl 
ether was found in an incubated mixture of guaiacol glyceryl ether 
alone with liver slices (12). This fact shows that nicotinic acid ac- 
celerated transformation of guaiacol glyceryl ether to @-(2-methoxy- 
phenoxy)lactic acid. It would follow that the inhibitory influence of 
the incubated mixture with guaiacol glyceryl ether and nicotinic 
acid on the incorporation of radioactive acetate in cholesterol (oc- 
curring only with this mixture) is attributable to the action of the 
fi-(2-methoxyphenoxy)lactic acid formed (exclusively) in this mix- 
ture. 


When mean human blood levels of unchanged guaiacol glyceryl 
ether mononicotinate and nicotinic acid (liberated from guaiacol 
glyceryl ether mononicotinate by hydrolysis after oral administra- 
tion of a guaiacol glyceryl ether mononicotinate at 400-mg. doses) 
were plotted on a semilogarithmic paper, an almost linear relation- 
ship appeared. About 607; of the guaiacol glyceryl ether mono- 
nicotinate absorbed was hydrolyzed in human blood (Fig. 2), al- 
though about 40% of guaiacol glyceryl ether mononicotinate was 
hydrolyzed in rabbit blood (10). 


TLC systems used for detection of the metabolites of guaiacol 
glyceryl ether mononicotinate are shown in Table 11. @-(4-Hydroxy- 
2-methoxyphenoxy)lactic acid, @-(2-methoxyphenoxy)lactic acid, 
and guaiacol glyceryl ether were ascertained qualitatively by Systems 
A, B, and C. Guaiacol glyceryl ether mononicotinate could not be 
detected by TLC in human subjects or in rabbits (12). In rabbit 
urine, guaiacol glyceryl ether, @-(2-methoxyphenoxy)lactic acid, 
and (2methoxyphenoxy)acetic acid were detected by TLC (1 2). 
(2-Methoxyphenoxy)acetic acid could not be found in human urine, 
and ~-(4-hydroxy-2-methoxyphenoxy)lactic acid could not be de- 
tected in rabbit urine after oral administration of guaiacol glyceryl 
ether mononicotinate. However, the latter compound was detected 
in rabbit urine after oral administration of guaiacol glyceryl ether 
instead of guaiacol glyceryl ether mononicotinate (12). 


1 


SUMMARY 


1. Guaiacol glyceryl ether mononicotinate seems to have moder- 
ate analgesic activity according to the results of squirming and tail 
withdrawal reflex tests. 


2. Guaiacol glyceryl ether mononicotinate has no anti-inflamma- 
tory and antihistamine activities. 


3. No effect of guaiacol glyceryl ether mononicotinate on hexo- 
barbital concentration in plasma and on duration of sleep induced 
by hexobarbital was observed. 


4. The increased (aqueous) solubility of cholesterol in an 
incubated mixture of guaiacol glyceryl ether and human high 
cholesterol serum appears to be attributable to the incubation ra- 
ther than the presence of guaiacol glyceryl ether in the mixture. 


5.  Guaiacol glyceryl ether mononicotinate or @-(2-methoxy- 
phenoxy)lactic acid inhibited the incorporation of radioactive ace- 
tate into cholesterol, although guaiacol glyceryl ether did not. fi-(2- 
Methoxyphenoxy)lactic acid, one of the metabolites of guaiacol 
glyceryl ether in uiuo, was formed in an incubated mixture with 
guaiacol glyceryl ether in the presence of nicotinic acid but not with 
guaiacol glyceryl ether alone. This finding suggests that the activity 
of guaiacol glyceryl ether mononicotinate to inhibit incorporation 
of radioactive acetate in the incubated mixture may be the result 
of its provision of nicotinic acid through hydrolysis and the conse- 
quent transformation of guaiacol glyceryl ether to the active metab- 
olite, @-(2-methoxyphenoxy)lactic acid. 


6. Guaiacol glyceryl ether mononicotinate was absorbed from 
the human intestine; about 60% of the guaiacol glyceryl ether 
mononicotinate absorbed was hydrolyzed in human blood. 844- 
Hydroxy-2-methoxyphenoxy)lactic acid, @-(2-methoxyphenoxy)- 
lactic acid, and guaiacol glyceryl ether were found in human urine 
after oral administration of guaiacol glyceryl ether mononicotinate. 
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Drug Elimination and Apparent Volume of 
Distribution in Multicompartment Systems 


MILO GIBALDI. and DONALD PERRIER 


Abstract 0 A relationship between drug distribution and elimina- 
tion in multicompartment systems has been demonstrated, which 
suggests that under certain conditions a decrease in the elimination 
rate constant (keJ results in a significant decrease in the apparent 
volume of distribution. The mathematical relationships are con- 
sistent with experimental findings as to the effect of probenecid or 
renal failure on drug distribution. The implications of a change in 
the apparent volume of distribution, in patients with impaired 
renal function or with other conditions resulting in reduced drug 
elimination, with respect to “dose”-response relationships, estima- 
tion of bioavailability and absorption rate, the relationship between 
biologic half-life and impairment of elimination processes, and the 
use of creatinine clearance measurements as a guide to the design of 
dosage regimens in patients with renal disease are considered. 


Keyphrases 0 Drug distribution and elimination-relationship in 
multicompartment systems, effect on apparent volume of distribu- 
tion 0 Elimination and drug distribution-relationship in multi- 
compartment systems, effect on apparent volume of distribution 
Volume of distribution, apparent--considerations relative to  drug 
distribution and elimination relationship in multicompartment 
systems 


Certain clinical conditions which result in reduced 
drug elimination often produce a decrease in the ap- 
parent volume of drug distribution (1-3). For example, 
administration of probenecid, a potent inhibitor of 
renal tubular secretion of organic acids, substantially 
reduces the apparent volume of distribution of various 
penicillin derivatives in man ( I ) .  Pharmacokinetic 
analysis of drug concentrations in the serum of normal 
human subjects and of patients with renal failure after 
administration of cephalexin, colistimethate, linco- 
mycin, methicillin, or insulin reveals that a significant 
reduction in the apparent distribution of each drug 
accompanies the anticipated increase in half-life in 
patients with an impaired renal function (3). 


THEORETICAL 


4. Probenecid had no significant effee on the distribution rate 
constants for benzylpenicillin and, in fact, klr/kzl was virtually 
identical in control patients and in patients receiving probenecid. 


These findings, particularly points 3 and 4, strongly suggest that 
the decrease in the apparent distribution of certain drugs in the face 
of reduced elimination has a pharmacokinetic rather than a phys- 
iologic basis. A detailed mathematical analysis of certain proper- 
ties of multicompartment models, presented herein, indicates clearly 
that this is the case. The various relationships and simulations were 
developed based on the two-compartment open model shown in 
Scheme 1. In principle, however, the results are model independent 
given the constraint that the plasma, serum, or blood is part of the 
same compartment from which drug elimination occurs exclusively. 


After intravenous administration of most drugs, the drug concen- 
tration in the plasma declines in a multiexponential fashion. The 
slope of the terminal exponential phase, as determined from appro- 
priate semilogarithmic plots, is defined as -p/2.303. In turn, the 
biological half-life of a drug is given by 0.693/p (4). It has been 
shown for multicompartment open models, such a s  the one de- 
picted in Fig. 1 ,  that: 


I3 = &.kd (Eq. 1) 


wheref, is the fraction of drug in the body that is present in the 
central compartment ( 5 ) .  In the “postdistributive” or terminal ex- 
ponential phase of drug elimination, f is independent of time but 
dependent on ket ,  since (for the two-compartment open model) ( 5 ) :  


where: 


a: = ‘/z[(kiz + kii + k d  + 
d ( k i z  + kzi +k,l)’ - 4kziker] (Eq. 3) 


Accordingly, a plot of /3 uersus k , ~  is curvilinear, as shown in Fig. 1 .  
with /3 asymptotically approaching k21 as k , ~  approaches infinity’, 
It is quite apparent that the instantaneous slope of this plot, i .e . , fc ,  
increases a s  k , ~  decreases. 


A proportionality constant, ( v d ) p ,  has also been defined ( 5 )  for 
multicompartment systems to  relate drug concentration in the 
plasma to the total amount of drug in the body a t  any time after 
attainment of pseudodistribution equilibrium (Le., during the termi- 
nal exponential phase of drug elimination) such that: 


( V d h  = vc/& 0%. 4) Analvsis of oenicillin concentrations in the serum after intra- 
venous administration of benzylpenicillin to five patients during 
probenecid therapy and during control periods, according to the 
two-compartment open model shown in Scheme I ,  produced the 


n 2 n 
Scheme I 


following results (2): 
1. Probenecid decreased k , ~  by 50% compared to  control values. 
2. In accord with previous findings with other penicillins, pro- 


benecid decreased the apparent volume of distribution of benzyl- 
penicillin by about 40%. 


3. Probenecid had no effect on the volume of the central com- 
partment (V,) of benzylpenicillin. 


where V ,  is the volume of the central compartment. Of particular 
importance is the fact that ( V &  is absolutely equivalent to the 
apparent volume of distribution ( V )  of a drug a s  determined by the 
area equation(5,6): 


V = 1.44.D*tl/,/A (Eq. 5 )  


where D is the amount of drug absorbed, t i / ,  is the biologic half-life, 
and A is the area under the drug concentration in the plasma versus 
time curve from t = 0 to  t = 0 3 .  It is evident from Eq. 4 that ( V d ) @  
and, therefore, V will deciease with an increase in&. 


The mathematical relationships developed here are totally con- 
sistent with experimental findings. As predicted, a reduction in the 
elimination rate constant (kd l )  of certain drugs caused by coadminis- 
tration of probenecid or renal failure results in increased values of 


1 As k,l -. a, a -+ k,l (Eq. 3). Since aj3 = kzik,r, then as 01 - k,i ,  P - 
kzi. 
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Figure 1-Curvilinear relationship between 0 and k,l in twecom- 
parmient open model. Key: A, kZ1 = 0.1, klz = 0.1; B, k21 = 0.1, 
k12 = 0.5; and C ,  kzl = 0.1, k12 = 1.0. 


fc and decreased values of V compared to control values (1-3). No 
effects on V,, kI2, or kzl need be postulated to rationalize the clinical 
data. 


A number of simulations were made to  determine the magnitude 
of the change in V with respect to a change in k,r under different 
conditions of distribution. Values of were calculated under “nor- 
mal” conditions (k,iN = 0.5 time-’) and under conditions of “re- 
duced drug elimination” (k,rR = 0.1 time-1). From these data the 
change in V as  a function of decreased drug elimination was calcu- 
lated. Values of k21/k,rN ranged from 0.1 to 20, while values of 
k12/kll ranged from 0.1 to 50. The results are shown in Table I. 
Under the conditions of the simulation, appreciable effects on V 
were observed only when kZ1/k,rN 6 1. However, a t  a given valueof 
k21/k,.rN, the effects on V are apparently diminished with an increase 
in k~lk21. 


It i s  likely that the apparent volume of distribution of drugs with 
large elimination rate constants (k.1) and/or drugs whose overall 
elimination from the body islargely mediated by themass transferrate 
constant from the tissue compartment, i.e., kzl, will be substantially 
reduced under various clinical conditions that diminish drug elimi- 
nation. Such conditions might include disease states such as renal 
failure and hepatic and cardiac insufficiency, as well as the coadmin- 
istration of agents such as probenecid (which reduces active tubular 
secretion) or phenyramidol (which appears to inhibit the metabo- 
lism of certain drugs). The relationships developed here also indicate 
that the enhanced elimination of certain drugs as would occur on 
coadministration of microsomal enzyme-inducing agents such as 
phenobarbital may result in an increased apparent volume of distri- 
bution. Several experimental observations suggest that this might 
be so  (7,8). 


DISCUSSION 


The clinical implications of a diminished distribution in patients 
with a reduced ability to eliminate certain drugs are quite interesting. 
For example, a given drug concentration in the plasma of patients 
with renal failure may represent substantially less total drug in the 
body than the same concentration in normal subjects. It follows 
that if the site of a pharmacologic response resides within the “tis- 
sue” compartment, then the same drug concentration in the plasma 
of renal failure patients and normal subjects may produce an  appre- 
ciably less intense clinical response in the group with impaired renal 
function. Estimates of bioavailability or absorption rate in subjects 
with impaired ability to eliminate drugs may be in error unless the 
changes in V as well as biologic half-life are taken into account in 
the calculations. 


A particularly interesting consequence of the relationship between 
drug elimination and apparent volume of distribution is that the 
body, by virtue of its multicompartment nature, passively com- 
pensates (at least in part) for an impaired elimination function by 


Table I-Effect of Impaired Elimination on fc and V 


ker = 0.5, 
k21 k12 6 6 Va 


-kar = 0.1-- 


10 10 0.494 0.499 0.99 
1 .o 1 .o 0.438 0.488 0.90 
0 .5  0 .5  0.382 0.475 0.80 
0.1 0.1 0.162 0.382 0.42 
0.05 0.05 0.090 0.293 0.31 
1 . o  10 0.087 0.090 0.97 
1 .o 5.0 0.156 0.164 0.95 
1 .o 1 .o 0.438 0.488 0.90 
1 .o 0.2 0.757 0.822 0.92 
1 .o 0.1 0.852 0.901 0.95 
0.1 5 .0  0.019 0.020 0.95 
0.1 1 .o 0.064 0.084 0.76 
0.1 0 .5  0.095 0.146 0.65 
0.1 0.1 0.162 0.382 0.42 
0.1 0.01 0.195 0.730 0.27 


Q Apparent volume of distribution expressed as a fraction of volume 
when ksi = 0.5. 


shifting a larger fraction of drug in the body to  the compartment 
from which elimination takes place. Hence, a significant decrease 
in k.1 may be offset by an increase in&, so the net effect on biologic 
half-life is negligible. An excellent example is nafcillin elimination 
in subjects receiving probenecid. Probenecid markedly reduces the 
elimination rate constant (k,l) of this penicillin derivative. However, 
the biological half-life of nafcillin is identical in subjects receiving 
probenecid and in control subjects (1). This compensatory phe- 
nomenon may help explain why hepatic impairment appears to 
have little effect on the biological half-life of certain drugs eliminated 
predominantly by liver metabolism (9). 


Since the nonlinear relationship between k,z and p raises some 
questions concerning the use of creatinine clearance as a guide to 
the design of dosage regimens in patients with impaired renal func- 
tion, it is imperative to  consider these questions. Dettli (9) and 
Dettli et al. (10) proposed a linear relationship between endogenous 
creatinine clearance (CI) and p, assuming single-compartment 
kinetics. However, in a multicompartment system, one might expect 
a linear relationship between CI and k,l but a curvilinear relationship 
between CI and 0. Theory predicts that for certain drugs a very 
marked curvilinear relationship between 0 and CI may exist such 
that interpolation of 0 between the values found in normal sub- 
jects and those observed in anuric subjects will result in a serious 
underestimate of 0 which, in turn, could lead to undermedication. 
Clearly, the use of a linear approximation between p and CI is not 
likely to lead to overmedication. Extensive examination of literature 
reports on half-lives of various drugs in patients with varying de- 
grees of renal impairment leads us t o  suggest that the data used for 
the 0 4 1  correlations are sufficiently scattered so as to prevent the 
differentiation of a linear from a curvilinear relation. Hence, despite 
the implications of the proposed theory, there is little evidence at  
this time to question the general utility in clinical practice of cre- 
atinine clearance measurements for designing dosage regimens in 
patients with renal impairment. 
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Preliminary Phytochemical Investigation of Euphorbia millii 


SALVADOR PANCORBO and RICHARD H. HAMMER' 


Abstract 0 Euphorbiu millii (Des Moulins) was investigated. 8- 
Sitosterol, cycloartenol, and 8-amyrin acetate were isolated from 
the petroleum ether extract. The presence of lupeol and euphol as 
minor constituents was demonstrated by GC, and the existence of 
flavonoids in the methanol extract was shown. 


Keyphrases 0 Euphorbiu millii-phytochemical investigation, isola- 
tion and identification of constituents 0 Medicinal plants-pre- 
lirninary phytochernical investigation of Euphorbio mi lk  0 GC- 
isolation and identification of Euphorbiu millii constituents 


Euphorbia millii (Des Moulins) is a native shrub of 
the Island of Madagascar and is widely cultivated as an 
ornamental plant in the South Florida area. It has been 
reported (1) to contain toxic substances in its latex. 


The genus Euphorbia has been very prolific in the 
production of substances with biological properties. 
Antitumor activity has been reported in extracts of 
Euphorbia drumondii (2) ,  antimicrobial alkaloids have 
been found in Euphorbia thymifolia (3), and extracts 
from Euphorhia ingens (4) have produced epidermal 
hyperplasia and tumors in mice. 


In addition, a variety of chemical compounds have 
been isolated from Euphorbiu species. Dumkow ( 5 )  
isolated kaempferol 3-a-monorhamnopyranoside from 
Euphorbia myrsinites, Wingnes and Andrew ( 6 )  re- 
ported the presence of D-glucaric acid in the latex of 
Euphorbia canariensis, and Morales Mendez (7) identi- 
fied triterpenoids in Euphorbia caracasana. 


Interest in this investigation arose out of the limited 
phytochemical reports on E. millii and the many 
medicinal applications of other species from the genus 
Euphorbia. 


EXPERIMENTAL 


Plant Material-The plants' used in this investigation were air 
dried for 1 month and then ground in a mill (Fitzpatrick), yielding 
2.4 kg. of fine, powdered material. 


1 Obtained from Melrose Nursery, Miami, Fla., during the spr~ng 
of 1969. 
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Table I-Chromatography on Silicic Acid of the 
Petroleum Ether Extract 


Fraction Fraction L.B. 
Number Weight, g. Eluent Test" 


A (1-22) 18.4 Heptane-benzene - 


B (23-28) 5 . 2  Heptane-benzene + 
C (29-39) 18.6 Benzene + 
D (40-43) 3.4 Benzene + 
E (44-55) 14.0 10% Ethyl + 
F (56-63) 8 . 4  10% Ethyl + 
G (64-79) 13.9 2075 EthyI - 


(1:l) 


( 1 : l )  


acetate in 
benzene 


acetate In 
benzene 


acetate In 
benzene 


a Liebermann-Burchard test. 


Extraction of Powdered Plant-The fine, powdered material was 
extracted in a 3-1. soxhlet apparatus with petroleum ether (b.p. 
30-60") for 72 hr. At the end of this period, the petroleum ether 
was removed and the marc was extracted with methanol for an 
additional 72 hr. 


The petroleum ether extract was evaporated to dryness with the 
aid of a continuous circulating-type evaporator and a rotavapor 
(Bachi). The gummy, greenish residue obtained (196 9.) was then 
subjected to saponification. 


Saponification of Petroleum Ether Extract-Before saponifica- 
tion of the petroleum ether extract was undertaken, tests for the 
presence of sterols were performed on the extract. Samples were 
subjected to the Liebermann-Burchard and Salkowski tests (8, 9), 
giving positive reactions characteristic of steroids or triterpenoid- 
type compounds. 


The gummy residue obtained from the petroleum ether extrac- 
tion was dissolved in 1.5 I. of ethanol and saponified by refluxing 
with 30 g. of potassium hydroxide for 1.5 hr. The ethanol was then 
removed with the help of the rotavapor, and the residue was mixed 
with 1.5 1. of water. The water suspension was placed in a 2-1. 
separator and extracted with six 500-ml. portions of ether. The ether 
fraction was tested for the presence of sterols with the Liebermann- 
Burchard reagent and gave a positive test. The solvent was then 
evaporated and the residue was dissolved in 1 1. of hot acetone. 
Thirteen grams of acetone-insoluble material was removed (Frac- 








A 3.8% UCC-W98 column was suitable for quantitative de- 
termination of higher molecular weight polyfunctional 9-acridine 
derivatives. For example, quinacrine hydrochloride had an Rt of 
12.7 min. with a theoretical plate number (N) of 2853. This column 
was also suitable for the detection of the hydrolytic products of 
quinacrine (Compounds I1 and 111). However, as indicated in Table 
I ,  these products have similar retention times, preventing the detec- 
tion of one in the presence of the other at a column temperature of 
200”. Note a decrease in the number of theoretical plates which, 
together with noticeable peak tailing, demonstrated a loss in column 
efficiency for these compounds. While excess tailing prevented the 
separation of Compounds I and I1 at lower column temperatures, 
this was possible for the lower molecular weight nonchlorinated 
parent compounds. Thus, while 9-aminoacridine could not be 
resolved from acridone at 200”, this could be accomplished at 182” 
(Table I). 


Small amounts (100 ng.) of hydrolytic products could be detected 
in the presence of larger amounts (10 mcg.) of quinacrine hydro- 
chloride on the 5.2% OV-17 column. On the 3.8% UCC-W98 
column, the detection limit of quinacrine hydrochloride was about 
100 ng. in the presence of excess (10 mcg.) hydrolytic products. 


TLC fluorometric scanning was explored as an alternative method 
for the determination of quinacrine in the presence of its hydrolytic 
products. The development of suitable solvent systems is outlined 
in Table 11. While chromatograms sprayed with 10% HCI followed 
by iodoplatinate reagent (4) visualized only the quinacrine as a 
weak blue-violet spot, compounds were readily detected by their 
natural fluorescence. The resolution of compounds was most 
satisfactory in Systems 3,4, 5, 6, and 7, with mobility most satisfac- 
tory in Systems 1 and 7. 


Of these two possibilities, System 7 was selected for quantitative 
TLC fluorometric scanning (Table 111). Each compound was spotted 
at each concentration seven times, both as single compounds and as 
a mixture of compounds. 


The mean of standard deviations for each compound determined 
separately and in mixture was 12.8%. The mean standard deviations 
for each chromatogram are listed in Table 111. There was no signifi- 
cant difference in the standard deviations for a given compound for 
the determinations of compounds in mixture as compared to the 
determinations of single compounds. Factors responsible for the 
relatively high mean standard deviation include lack of uniformity 
of the thin-layer plates, the normal difficulty in reproducibility in 
plate spotting, and instrumental errors. In regard to plate uniform- 


ity, it should be noted that plates prepared in the laboratory were 
employed in this study in contrast to the more uniform commercially 
available plates. 


In common with other irz situ measurements of thin-layer plates 
(5, 6), it is not advisable to make comparisons between different 
plates nor to employ calibration curves. In general, linear relation- 
ships were obtained for calculated peak areas with respect to 
amounts applied. However, near the detection limits (5-10 ng.), 
there were deviations and the relationship did not always pass 
through the origin. Deviation from linearity owing to quenching 
was not observed for the maximum amounts (-100 ng.) used in 
this study. 


Quantitative measurements are best made by multiple compari- 
sons to known concentrations of standards on the same plate. It 
is important to emphasize that quantitative measurements could be 
made on a submicrogram level (10-100 ng.) with specificity provided 
simultaneously by TLC separation. 
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Nature of Acetaminophen-Antipyrine Complex 


J. C. DEARDEN 


Abstract 0 Acetaminophen and antipyrine form a single 1 : 1 phen is shown by phase equilibrium studies to prevent complexa- 
complex which is shown to be stabilized through hydrogen bonding. tion with antipYrine. 
IR spectroscopy shows both the -NH and -OH groups of acet- Keyphrases 0 Acetaminophen-antipyrine complex-nature of 
aminophen and the carbony1 group of antipyrine to be ir~volved in complexation 0 Antipyrine-acetaminophen complex-nature of 
the complexation; the carbonyl group of acetaminophen is not. complexation 0 Complexes-studies of complexation of acetami- 
Methylation of either the -NH or the -OH group of acetamino- nophen-antipyrine 


Antipyrine (phenazone) is known to complex with a antipyrine and either acetanilide (5) or phenacetin (6), 
wide variety of compounds and metallic ions (1); a but a 1 : I  complex of acetaminophen (p-acetamido- 
number of workers (2-4) have reported complexation phenol, p-hydroxyacetanilide) and antipyrine was 
between antipyrine and phenols, with phenol itself recently patented (7) for its analgesic and antipyretic 
forming a 1 : I  complex with antipyrine (4). Complex properties. This paper reports an investigation of the 
formation has been reported not to occur between nature of that complex. 
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Table I-IR Spectra of Solid Acetaminophen, Antipyrine, 
and Complex 


Stretching In 
Band In Acetaminophen Antipyrine In Complex 


0-H 3162 (broadp - 3070 (broady 
N-H 3326 - 3258" 
N-CHI - 3094 3099b 


C==O 1659 1669 
1574 


~~ ~~ ~ 


a Other minor peaks also present. * Band submerged in broad 0-H 
band: identification tentative. 


EXPERIMENTAL 


Materials-Most compounds used were obtained commercially 
and recrystallized. p-Hydroxy-N-methylacetanilide and its methyl 
ether were prepared according to the method of Julia and Bagot 
(8). The melting point of the former was 242". 


A/d.-Calc. for CqHIlNO2: C, 65.3; H, 6.67; N, 8.48. Found: 
C, 65.7; H, 6.76; N, 8.72. 


The melting point of p-methoxy-N-methylacetanilide was 58 '. 
A/d.--Calc. for CIOHl3NO2: C, 67.0; H, 7.26; N, 7.82. Found: 


C, 67.3; H, 7.47; N, 8.06. 
An N M R  spectrum of this compound in deuterochloroform was 


consistent with the structure; methyl proton resonance peaks were 
observed at 5.94, 6.54, and 8.067. p-Hydroxy-N-methylacetanilide 
was too insoluble in CDCI, for a spectrum to be obtained, but a 
spectrum in deuteroacetone showed methyl proton resonance peaks 
at 6.79 and 8.217. No hydroxyl proton resonance could be detected, 
probably because of exchange with the enol form of the solvent. 


Phase Diagrams-Eutectic points and solid-liquid curves were 
obtained from melting-range data. 


RESULTS AND DISCUSSION 


Melting-point determinations showed that acetaminophen and 
antipyrine form a single 1 : 1 complex with a congruent melting 
point of 108". The complex is a colorless crystalline solid and can be 
formed by fusing equimolar mixtures of the two components or by 
crystallization from aqueous or other soluiions containing approxi- 
mately equimolar concentrations of each drug. 


The complex was found to be too insoluble in hydrocarbon sol- 
vents for a UV spectrum to be obtained. The spectrum of the com- 
plex in ethanolic solution was found to be identical with the sum 
of the spectra of separate equimolar ethanolic solutions of acet- 
aminophen and antipyrine. Since even relatively weak intermolec- 
ular forces such as hydrogen bonding and dipole forces have pro- 
nounced effects upon electronic absorption spectra (9, lo), it 
follows that the complex is completely dissociated in ethanol. 
Ekeblad (1 1) similarly found that an antipyrine-chloral hydrate com- 
plex, although soluble in chlorocarbon solvents, dissociates com- 
pletely in aqueous solution. This is in marked contrast to the in- 
teraction between antipyrine and p-quinone, which gives rise to a 


I 


1 UV spectra were determined on a Unicam SP-800 recording spectro- 
photometer, 1R spectra were determined on a Grubb-Parsons Spectro- 
master and a Unicam SP.200 G spectrophotometer, and NMR spectra 
were determined on a Perkin-Elmer R.10 spectrometer. Solvents were 
commercially available spectroscopic grade materials and were used as 
received. 


Table II-Phase Equilibrium Data for Mixtures of Antipyrine with 
Acetaminophen and Related Compounds 


Mixture of Antipyrine and: 


Acetaminophen 


pHydroxy-N-methylacetanilide 
p-Methoxyacetanilide 
p-Methoxy-N-met hylacetanilide 
Acetanilide 
Phenacetin 


Eutectic 
Point(s) 


(Tempera- 
ture; mole 
Antipyrine) Complex 


104"; 40 .5  
83"; 71.5 
96": 81 
68"; 48 
46": 8 
joo i4 i  
73"; 53 


1:1, m.p. 108" 
None 
None 
None 
None 
None 


stable charge-transfer complex showing marked spectral changes 
( 12). 


The weakness of the acetaminophen-antipyrine complex suggests 
that it is formed through either dipolar or hydrogen-bonding inter- 
actions. Published IR studies indicated that hydrogen bonding is 
responsible for complexation between antipyrine and chloral hy- 
drate ( l l ) ,  antipyrine and phenol (13), and aminopyrine and bar- 
biturates (14). Acetaminophen is insoluble in tetrachloromethane 
and chloroform, but IR examination of a dilute (0.005 M )  solution 
in dichloromethane showed that the free 0-H stretching frequency 
at 3588 cm.-l and the free N-H stretching frequency at 3435 cm.-l 
were replaced, upon the addition of antipyrine to a concentration 
of 0.05 M ,  by a broad band centered at 3320 cm.-'. Thus the inter- 
action of acetaminophen and antipyrine in solution appears to 
occur through hydrogen bonding of both -OH and -NH groups, 
probably to the carbonyl group of antipyrine. However, the large 
excess of antipyrine over acetaminophen, necessary to induce as- 
sociation between the two compounds, meant that most of the 
antipyrine remained unassociated, and no shift of its carbonyl 
stretching frequency could be detected. 


It does not necessarily follow from the above discussion that 
acetaminophen interacts via its -OH and -NH groups with anti- 
pyrine in the solid complex. An IR examination was, therefore, 
made of the solid in mineral oil, and the results are shown in Table 
I. 


The 0-H, N-H, and C-0 stretching frequencies of pure solid 
acetaminophen are much lower than in dilute dichloromethane 
solution, indicating hydrogen bonding of both -OH and -NH 
groups to carbonyl. In the complex, the 0-H and N-H stretch- 
ing frequencies are lowered still further, indicating stronger inter- 
action, which is consistent with the thermal stability and spon- 
taneous formation of the complex. On the other hand, one of the 
carbonyl stretching frequencies is higher and the other much lower 
in the complex than in either of the components. The high frequency 
band is, in fact, very close to the free carbonyl stretching frequency 
of both acetaminophen (1690 cm.-I) and antipyrine (1689 cm.-I) 
in dilute (0.005 M )  chlorocarbon solution. It is identified as that of 
acetaminophen for two reasons: (a) the band shape resembles that 
of acetaminophen much more than that of antipyrine and (b) since 
the carbonyl group of antipyrine must act as a proton acceptor in a 
hydrogen-bonded complex with acetaminophen, the C=O stretch- 
ing frequency of antipyrine must fall upon complex formation. 
This can be demonstrated by the fact that the G O  stretching fre- 
quency of antipyrine of 1689 cm.-I at a concentration of 0.005 M in 
tetrachloromethane solution falls to 1658 cm.-1 on the addition of 
phenol to 0.05 M to the solution. 


It may reasonably be concluded that the carbonyl group of 
acetaminophen is not hydrogen bonded in the complex. That of 
antipyrine, on the other hand, is clearly very strongly hydrogen 
bonded, because its stretching frequency, relative to that of pure 
antipyrine, is extremely low (Au = 95 cm.-l). It is suggested that 
this is because this group acts as a proton acceptor to both the 
-OH and -NH groups of acetaminophen (Structure I). 


The involvement of the nitrogen atoms of antipyrine in com- 
plexation is regarded as extremely unlikely, since the steric effects 
of the adjacent hydrocarbon groups would tend to preclude this 
and also because the nitrogen atoms are less electronegative than 
the carbonyl oxygen. Furthermore, complexation has little ap- 
parent effect on the N-CH, stretching frequency. (The N-phenyl 
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stretching band could not be located and was presumably sub- 
merged in the large C-H stretching band.) 


If the proposed structure for the complex is correct, it follows 
that methylation of either the -NH or -OH group (or both) of 
acetaminophen should prevent complexation with antipyrine. This 
was shown to be the case by melting-point determinations; neither 
congruently nor incongruently melting complexes were formed by 
the methylated derivatives of acetaminophen with antipyrine 
(Table 11). The literature reports of lack of complexation between 
antipyrine and acetanilide or phenacetin (pethoxyacetanilide) 
were also confirmed. 


It is perhaps surprising that since phenol forms a complex with 
antipyrine (4), phydroxy-N-methylacetanilide does not. The reason 
for this, which could be confirmed unequivocally only by X-ray 
crystallography, probably lies in the bulky nature of the acetamido 
group forcing a different crystal structure on the complex with anti- 
pyrine. Thus, phydroxy-N-methylacetanilide, because of its lack 
of a -NH group, is unable to complex in the way acetaminophen 
does; and by virtue of its steric properties, it cannot complex like 
phenol. 
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Oral Absorption of I4C-Labeled Mepenzolate 
Bromide in Humans 


HARRIS L. FRIEDMAN*. and RICHARD I. H. WANGt 


Abstract In a pilot study, a single oral dose of 25 or 30 mg. of 
mepenzolate bromide containing approximately 24 pc. of 14C was 
given to each of four human volunteers and elimination of 14C was 
followed in urine and feces for 4 o r  5 days. From either a solid 
(capsule) or liquid dosage form, an average of 14% was eliminated 
in the urine (capsule: 7.&20.2x, liquid: 3.1-21.1 z), indicative of 
substantial oral absorption for an onium compound. 


Keyphrases 0 Mepenzolate bromide, radiolabeled-ral absorp- 
tion, humans Absorption, oral-radiolabeled mepenzolate 
bromide, humans 0 Radiolabeling-preparation of I4C-mepenzo- 
late bromide 


It is well known that, as a generality, highly ionized 
organic compounds are not well absorbed following oral 
administration (l), and this appears true for some qua- 
ternary ammonium spasmolytic agents (2-4). 


Mepenzolate bromide' (3-hydroxy-1, l-dimethylpi- 
peridinium bromide benzilate), a potent postganglionic 
parasympathetic inhibitor (5 ) ,  was reported (6) to be 
clinically useful in the treatment of motility disorders of 
the small and large bowels. Since no data have been 
reported on the oral absorption of this agent in humans, 
the present pilot study was undertaken to determine the 


1 Cantil, Lakeside Laboratories, Milwaukee, Wis. 


absorption of a single oral dose as determined by excre- 
tion of in the urine. The assumption was made that 
little, if any, hydrolysis would occur in the intestinal 
tract. For this purpose, the compound was synthesized 
with a l'C-label in one of the methyl groups. An addi- 
tional objective was to compare the degree of absorp- 
tion of the compound in solid dosage form (capsule) 
with that of a liquid solution formulation. 


EXPERIMENTAL 


Preparation of 14C-Mepenzolate Bromide--N-Methy1-3-piperidyl 
benzylate, a commercial intermediate2, was purified from water- 
insoluble material by solution in dilute hydrochloric acid, filtration 
with charcoal, and precipitation with dilute ammonium hydroxide. 
The solid was crystallized from hexane to form lustrous white 
crystals, m.p. 99-100". Trial reactions of this tertiary amine with 
methyl bromide in acetone indicated almost quantitative formation 
of the insoluble onium salt in approximately 5 days at  room tem- 
perature, m.p. 229-230" uncorr. [lit. (7) m.p. 234-236"). Adequate 
pure tertiary amine was allowed to  react in acetone with freshly 
prepared 1Gmethyl bromide3. The labeled product melted at 230- 
231 O uncorr. and gave an IR spectrum identical to that of authentic 
cold material. Specific activity was 4.87 pc./mg. TLC [n-butyl al- 


2 Supplied by Dr. Claude Judd, Lakeside Laboratories, Milwaukee. 


9 This reaction was carried out by Mallinckrodt-Nuclear. St. Louis, 
Wis. 


Mo., since 1C-methyl bromide is prepared only on special order. 
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Potential Antiarrhythmic Agents 111: 
4-Amino-N-[ 2- (substituted amino) ethyl]-2,6-dimethylbenzamides 


D. K.  YUNG’, E. K .  F. LO, and M. M. VOHRA 


Abstract :J I-Amino-N-i2-morphoIinocthyl)-2,6-dimethyllxnr- 
aniide. -1-amino-N-(2-pi~~ridiiioethyl)-2.6-diniethylbenzamide, 4- 
aminci-N-[’-(4-phenyl-I - piperazino)ethyl]- 2,6- dimethylbenzarnide, 
and 4-aniino-N-[2-(3-azabicyclo[3.2.2]1ionano)ethyl]-2,~dimetliyl- 
benzaniide were synthesircd as potential antiarrhythmic agents. 
These conipounds were found to be capable of prolonging the ef- 
fective refractory period of the isolated rabbit atria. They also 
demonstrated prophylactic activity against ouabain. In addition. 
4-amino-N-(2-piperidinoethyl)-2.6-dimethylhenzamide was able to 
terminate ouabain-induced arrhythmia. and 4-amino-N-(2-mor- 
pholinoetIiyl)-2.6-dimethylbenz~mide was active in antagonizing 
aconitine-evoked arrhythmia. The four compounds. especially 4- 
aminn-N-[2-(?-aral~icyclo[3.2.2]nonano)ethyl]-2,6-dime t hyl benza- 
midc. also Showed some degree of local anesthetic activity i n  the 
corneal retlex test i n  rabbits. The pKa and LDjo values of the com- 
pounds were determined. 


Key phrases 3-Amino- N-[2-(su bs ti t u ted amino)et hyl]-2,6-di- 
methylbenianiides . -synthcsired as potential antiarrhythmic agents 
r_‘ An tiarrh y t hmic agents, PO tent ial -syn thesis of 4-amino-N-[2- 
(substituted aniino)ethyl~-2.h-dimethylbenzamides 


C 


The observed effectiveness of 4-amino-N-(2-dieth;ll- 
aniinoethyl)-2,6-dinicthylbenzamide ( Ia)  in preventing 
ouabain-induced arrhythmias ( I )  prompted the investi- 
gation of other 4-aniino-N-[2-(substituted amino)- 
ethyl]-2,6-dimcthylbenzamides (Ib, Ic, Id, and Ie). These 
analogs differed from the parent l a  in  that the terminal 
tertiary nitrogen atom was included in a heterocyclic 
base. The rationale for modifying the structure in  this 
manner was based on ihe results of a study by Thyrum 
el al. (2). These workers reported that inclusion of the 
basic tertiary nitrogen atom in the procaine amide 
molecule as part of a heterocyclic ring (e.g., piperidine) 
produced compounds with considerable antiarrhyth- 
mic activity. 


The synthesis of the title compounds was achieved by 
allowing N-(4-nitro-2,6-dimethylbenzoyl)ethylenimine 
(11) to react with the corresponding heterocyclic bases 


H ( ‘  t o  


Ie: R = --N D 


I1 


in acetone, followed by catalytic reduction of the 4- 
nitro-N-[2-(substituted arnino)ethyl]-2,6-dimethylbenz- 
aniides. Compound I1 was obtained by the condensa- 
tion of 4-nitro-2,6-dimethylbenzoyl chloride and ethyl- 
enimine. 


EXI’ERIMEhTA1,I 


Chemical Synthesis -4-Nitro-2,6--dinierlrylbi~rrzoyl Chloride - This 
acid chloride was prepared by the reaction of J-nitro-2.6-dinietiiyl- 
benzoic acid with thiony! chloride. The acid was obtained by con- 
verting 4-nitro-2,6-dinietliylaniline to 4-1iitro-2.6-diniethylhenronl- 
trile cicr the Sandmeyer reaction. followed by acidic hydrolysis of 
the nitrile. 


N-(4- Ni!ro-2,6-dim~~ilrylbe1r;o~l)~~tli~v/~~~ritrri1re ( / I ) -  The compouiid 
was synthesized by the reaction of 4-nitro-2.6-dinietliyIbe:i~[)? I 
chloride with ethylenimine rVrr the Scholten -Bauniann reaction. 
The yield was 97 7:. m.p. 128 - -I  30.5 . after recrystallization from :I 
mixture of acetone and 11-hexane. 


Auu1.- Calc. for CIIHIZN2C):,: C. 59.99; H. 5.39; N.  12.72. 
Found: C ,  60.36: H. 5.54; N. 12.86. 


I-Nirro-N-[2-(srrb.rrii/rier/ ~ 1 1 i r i 1 r o ) ~ ~ t l ~ ~ ~ ] - ~ , 6 - ~ l i 1 ~ i ~ ~ t l 1 ~ ~ l / ~ ~ ~ 1 1 ~ c 1 1 i i i ~ l ~ ~ . ~  
The method described by Thyrum and Day ( 3 )  was emplobed to 
prepare these compounds. A mixture of N-(J-nitro-2.6-dimeth) I-  
bcnzoy1)ethyletiimine (0.01 8 mole) and a heterocyclic base (0.01 8 
mole) in acetone was refluxed for 20 min. The product was i?cilated 
after removal of the solvent and recrystallixd from a mixture of 
acetone and 11-hexane. The physical data and yields of the four -1- 
nitro-N-[2-(substituted amino)ethyl]-2,6-dimerhylbeiir~mides are 
listed in Table I .  


4-Aiiii1iu-N-[2-(.~rtbsiitiiied n 1 1 1 i 1 r o ) ~ ~ r h ~ l ] - ~ , 6 - ~ l i ~ i ~ ~ ~ i l r ~ l l ~ ~ ~ 1 r ~ ~ 1 1 i 1 i ~ l ~ ~ . ~  
(Ib-le) - A  mixture of a 4-nitro-N-[2-(substituted amino)ethbl]- 
2.6-dimethylbenzamide (0.01 mole), platinum oxide (200 mg.). and 
absolute ethanol (200 ml.) was hydrogenated i n  a I’arr apparatus 
at room temperature and 60 p.s.i. After the calculated quantity 01’ 
hydrogen gas had been consumed (about 2 hr.) the catalyst W;I\ 


filtered and the solvent was removed. ‘ l l i e  reduction product t h i \  
obtained was recrystallized from benzene. The physical data a n d  
yields of the 4-amino- N-[2-(subhtit u ted amino)ethyl]-2.6-di met Iiy I- 
benzamides are listed in Table l l .  


Determination of pKa Values -The method of the determination 
was previously described ( I ) .  I t  consisted of dissolving the base i n  
a stoichiometric quantity of 0.1 N HCI and then adding a known 
amount of 0.1 N NaOH to the solution. After the p H  o f  the solti- 
tion was determined. the pKa value of the compounds wab cn l -  
culated, using the formula pKa = pH - log [B]/[BH’]. 


Pharmacological Testing-The compounds prepared in this study 
were tested for activity against arrhythmias induced hy ouahain 
and by aconitine in anesthetized cats. Other studies. such a5 ;ictilc 
toxicity in mice, local anesthetic activity as determined by the cor- 


1 Mrlting points were taken with a Thomas-Hoovcr capillar) incl t -  
ing-point apparatus and are uncorrected. Elemental niialyscs wcrc 
performed by Dr. F. B. Strauss, Microanalytical Laboratory, Oxford, 
England. The I R  spectra were determined 011 a Perkin-El~ner model 
237B spectrophotometcr in potassium bromide and are i n  agrsemcnt 
with the assigned structures. 
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Table 14Nitro-N-[2-(substituted amino)ethyl]-2,6-dimethylbenzamides H C 


R 


C==O 
Fre- 


Yield, -----Analysis, %--- quencp 
% Melting Point Formula Calc. Found cm.- 


A 


L-l 


A 


LJ 


-N 0 


--N O.HCI 


-.3 L 


97 


89 


91 


97 


90 


87 


1 3 3.5-1 3 5 . 5  ' 


221-223' dec. 


145.4-147" 


1 32.5-1 3 3 . 5  O 


245-247 ' dec. 


170-171.5O 


C 58.62 
H 6.89 
N 13.67 
C 52.40 
H 6.45 
N 12.22 
C 62.93 
H 7.59 
N 13.76 
C 65.95 
H 6.85 
N 14.65 c 60.21 
H 6.50 
N 13.37 
C 66.06 
H 7.88 
N 12.16 


58.81 
6.73 
13.57 
52.40 
6.36 
12.01 
63.26 
7.43 
13.82 
66.24 
6.76 
14.57 
59.92 
6.17 
13.13 
66.03 
7.87 
12.34 


1620 


1660 


1635 


1635 


1650 


1630 


Table n-4-Amino-N-[2-(substituted amino)ethyl]-2,6-dimethylbenzamides H;C 


C=O 


Compound R z Melting Point Formula Calc. Found cm.-l 
Yield, -Analysis, %- Frequency, 


I b  -N 0 98 180-181.5' CI sHzsN 3 0 2  C 64.96 64.96 1625 A 


v H 8.36 8.02 
N 15.15 14.94 


- 
Ic - N c j  56 103-104" C16HZSN30 C 69.78 70.06 1625 


H 9.15 8.79 
N 15.26 15.11 


91 137-139" GiHzsND C 71.56 71.81 1635 
U H 8.01 7.85 


N 15.90 15.66 


Id 


Ie -qJ 95 131-133 O Ci~HzsN30 C 72.34 72.45 1620 
H 9.27 9.53 
N 13.32 13.32 


neal reflex test in rabbits, and effect on the maximum stimulation 
rates of isolated rabbit atria, were also carried out. The results of 
the pharmacological testing are summarized in Tables 111-VII. 


RESULTS AND DISCUSSION 


On the basis of the results of the biological testing, some general 
comments can be made regarding the effect of the inclusion of a 
heterocyclic ring in Ia on the various pharmacological properties of 
the compound. 


Substitution of the diethylamino group in the parent Ia with 
piperidino, N-phenylpiperazino, or 3-azabicyclo[3.2.2]nonano 
greatly increased the acute toxicity of the compound, as shown in 
Table 111. However, substitution with rnorpholine had an opposite 
effect. Compound Ib was at least three times less toxic than Ia. 


As indicated by the results in Table 111, inclusion of the terminal 
tertiary amino group in Ia as part of the morpholine or N-phenyl- 
piperazine ring caused a large drop in the local anesthetic activity. 


Table 111-Local Anesthetic Activity", Ionization Constant 
(Water, 25"), and Median Lethal Doseb (LD,,) of Compounds 


Num- Average LDso, 
ber of Percent mg./kg. 


Compound Tests' Anesthesiad pKa 1.p. 


Ib 4 16.3 5.96 746 
Ic 4 33.8 8.27 14 
Id 5 19.5 6.16 74 
Ie 4 85.6 8.57 19 
Ia 3 54.1' 8. 6ge 209# 
Procaine 16 39.1 8. 86e 


Saline (control) 6 0 


- 
hydrochloride 


- - 
~~ 


Q As determined by the corneal reflex test in rabbits. b Calculated by 
the method of Litchfield and Wilcoxon (4) and based on 1 day's obser- 
vations on mice. c Referred to local anesthetic determinations only. 
dNumber of actual failures of corneal reflex divided by the possible 
maximum number of failures. e Values taken from Reference 1. 
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The piperidine ring also reduced the activity of la but to a lesser 
extent. On the other hand, Ie, which has its tertiary nitrogen atom 
included in the heterocyclic base 3-azabicyclo[3.2.2]nonane, was a 
much more active local anesthetic agent than la and procaine. The 
pKa values of the active Ia. Ic, and Ie were similar to that of pro- 
caine. 


Results in Table IV show that the effect of Ia on the effective 
refractory period of isolated rabbit atria was greatly reduced when 
the diethylamino moiety of the molecule was replaced by mor- 
pholino or piperidino. However, N-phenylpiperazine and 3-aza- 
bicyclo[3.2.2]nonane replacements enhanced the activity of Ia in 
prolonging the effective refractory period. In addition, it was found 
that the 3-azabicyclo[3.2.2]nonane derivative (re) had a strong de- 
pressant action on the force and rate of contraction of isolated 


Table IV-Effects of Compounds on Maximum Stimulation 
Rates (MSR) of Isolated Rabbit Atria 


Con- Average Percent 
centration, Number Depression, 


Compound mcg./ml. of Tests MSR f SE 


Ib 


Ic 


Id 


Ie 


Ia 


Procaine 
amide 
hydrochloride 


10 
20 
30 


I 
5 


10 
10 
20 


1 
3 


10 
20 
30 
10 
20 
30 


5 
5 
5 
5 
5 
5 
7 
7 
9 
5 
5 
5 
5 
5 
5 
5 


5 .7  =!= 1 . 8  
9 . 9  f 0 . 9  


18.6 f 2 . 5  
5 . 5  f- 1 . 4  
8 . 2  f 2 . 3  
9 .8  f 1 . 4  


27.1 f 9 .0  
41.7 f 4 . 4  
16.4 f- 2 . 4  
23.7 f 4 .4  
17.1 f 1.3a 
30.7 f 1.4" 
36.3 f 2.2" 
13.2 f- 2 . 2  
16.7 f 3 .6  
21 . O  f 2 .9  


Values taken from Reference 1. 


rabbit atria. Therefore, Ie was tested in this series of experiments at  
low concentrations. The high activity of Ie in prolonging the effec- 
tive refractory period appeared to  be related to its strong local an- 
esthetic action. A local anesthetic agent could probably prolong the 
effective refractory period by raising the threshold for excitation. 


Prior to the testing for antiarrhythmic activity in cats, the maxi- 
mum tolerated doses of the compounds were determined, using the 
procedures previously described ( 1 ) .  According to the results in 
Table V, the maximum tolerated doses of Ia-Id were not signifi- 
cantly different from each other. It would appear, therefore, that the 
substitution of the diethylamino group in Ia with morpholino, 
piperidino, or N-phenylpiperazino had no serious effect on the 
cardiotoxicity of Ia. However, substitution with a 3-azabicyclo- 
[3.2.2]nonane ring increased the cardiotoxicity of In severalfold. 
The extreme toxic action of Ie on the heart seemed to be in agree- 
ment with its strong depressant effect on the isolated rabbit atria. 


Inclusion of the four heterocyclic rings studied in this work did 
not significantly alter the effectiveness of Ia in preventing ouabain- 
induced arrhythmias. As is evident in Table V, a higher dose of 
ouabain was required to evoke ectopic rhythm in cats that were 
pretreated with Ib, Ic, Id, or Ie. On a weight basis, Ie provided the 
best protection against ouabain-induced arrhythmias. 


According to the results in Table VI, of the four compounds 
tested only Ic exhibited ability to convert ouabain-evoked arrhyth- 
mias to normal sinus rhythm in cats. Although Ie was not able to 
provide complete protection, it did partially restore the normal 
QRS complex and T segment to  the ECG. No significant activity 
was detected for Ib and Id. In view of the fact that In was totally 
devoid of activity in terminating arrhythmias evoked by ouabain 
( l ) ,  modifying the structure by substitution of the diethylamino 
group with a piperidine or 3-azabicyclo[3.2.2]nonane ring appeared 
to have a favorable effect on the activity. 


Results in Table VII show that Ib was effective in antagonizing 
the action of aconitine. The ectopic rhythm was converted to sinus 
rhythm by Ib in three of the five cats tested. Complete antagonism 
was not accomplished in the other two cats. However, in one of 
these two animals, normal sinus rhythm did not return even after 
the aconitine-saturated cotton pledget was removed and subsequent 
injection of propranolol(5 mg./kg.) was made. Another compound 
that indicated some degree of activity was Ie, which was able to 
improve the ECG in two of the three cats. Therefore, it would seem 


Table V -Arrhythmic and Lethal Doses of Ouabaiw in Cats Pretreated with Compounds 
~ _ _ _ _ ~ ~  ______ ________ 


Dose of Average Dose to  Average Lethal 
Compound*, Number of Ectopic Rhythm, Dose, 


Compound mg./kg. Cats mg./kg. f SE PC mg./kg. f SE P" 


Control - 3 104 f 6 - 158 f 10 - 
Ib 10 3 139 f 8 <o. 01 191 f 20 < O .  05 
Ic 8 3 148 f 6 <0.01 211 f 8 <0.01 
Id 10 2 130 f 13 <0.05 193 f- 13 <0.05 
Ie 1 3 157f 12 <o. 01 220 f- 12 <0.01 
Ia 8 . 5  3 129 f l l d  <o. 05 215 f 20d <o. 01 
Procaine amide 18.5 3 143 f 15 <0.01 228 =t 1 <0.01 


hydrochloride 


a Ouabain administered by intravenous infusion at a rate of 5 mcg./kg./min. * Maximum tolerated doses of compounds. c p  values compared with con- 
trol. dValues taken from Reference I. 


Table VI-Effects of Compounds on Ouabain-Induced 
Arrhythmias Given by the Geometric Increment Procedures - 


Number 
of Com- Number 


plete of Number 
Com- Antag- Improve- of N o  Im- Cumulated Dose, 
pound onisma ment" provement" mg./lrg. 


lO(2.5, 2 .5 ,  5) 
8 (1.  1. 2. 4) 


213 
- 


013 -_ 
Ib 
Ic 


- 
a Number of complete antagonism, improvement, and n3 improve- 


ment/number of experiments. Improvement is defined as partial re- 
store of the normal QRS complex and T segment to the ECG. 


Table VII-Effects of Compounds on Aconitine-Induced 
Arrhythmias Given by the Titration Procedures 


Cumu- 
Number of Number of lated 


Com- Complete Improve- Number of No Dose, 
pound Antagonism" menta Improvement" mg./kg. 


Ie - 213 1 
~~~ ~~ 


Number of complete antagonism, improvement, and no improve- 
ment/number of experiments. Improvement is defined as partial re- 
store of the normal QRS complex and T segment to the ECG. * Sinus 
rhythm did not return after removal of the cotton pledget saturated 
with aconitine nitrate and the subsequent injection of propranolol at a 
dose of 5 mg./kg. 


Vol. 61, No. 12, December 1972 0 1955 







that in comparison with In, Ib and Ie showed more potential in 
abolishing aconitine-induced arrhythmias, since Ia was found to be 
completely inactive in this respect (1). 


The carbonyl absorption bands of the 4-nitro-N-[2-(substituted 
amino)ethyl]-2,6-dimethylbenzamides and their amino analogs ap- 
peared in the IR spectra in the lower 1620-163S-~m.-~ region (Ta- 
bles I and II), which was somewhat lower than expected for a 
secondary amide. It was suspected that the shift in frequency was 
due to the existence in the compounds of an intramolecular hydro- 
gen bonding between the terminal tertiary nitrogen and the amide 
hydrogen atom. This postulation appeared to gain support from 
the fact that in the IR spectra of the hydrochloride salt of 4-nitro- 
N-(2-morpholinoethyl)-2,6-dimethylbenzamide and of 4-nitro-N- 
[2-(4-phenyl-1-piperazino)ethyl]-2,6-dimethylbenzamide, the car- 
bony1 absorption bands occurred in the vicinity of 1660 cm.-1, a 
region normally assigned for secondary amide carbonyl absorption. 
Due to the hygroscopic nature of the hydrochloride salts of Ib-Ie, 
i t  was not possible to prepare these compounds for IR studies. 
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Effect of Environmental Conditions and Polymer 
Ratio on Water Vapor Transmission through Free 
Plasticized Cellulose Films 


CHARLES W. WOODRUFF*, GARNET E. PECK, and GILBERT S. BANKER' 


Abstract 0 Experiments were conducted to evaluate the effects 
of changes in the polymer ratio and environmental conditions on 
the water vapor transmission properties of plasticized films con- 
taining combinations of hydroxypropyl methylcellulose and ethyl- 
cellulose. Rates of water vapor transmission were calculated from 
a formula based on Fick's first law of diffusion. Inverse relationships 
were observed between the rate of water vapor transmission and 
film thickness for all films studied. In these plasticized systems, the 
polymer ratio of hydroxypropyl methylcellulose to ethylcellulose 
produced essentially no difference in the water vapor transmission 
properties from one film composition to another. Films subjected to 
a water vapor environment at  both film surfaces were more per- 
meable to water vapor than films subjected to a water vapor en- 
vironment at  only one surface. In the thickness range studied, films 


subjected to 40 and 50" conditions had lower rates of water vapor 
transmission than those studied at 30". The findings of this study 
demonstrated the presence of another mechanism of vapor trans- 
mission, in addition to diffusion, that is apparently related to the 
hydrophilic character of the film. 


Keyphrases 0 Cellulose films, plasticized-effects of environment 
and hydroxypropyl methylcellulose-ethylcellulose ratio on water 
vapor transmission 0 Transmission (water vapor) through plas- 
ticized cellulose films-effects of environment and hydroxypropyl 
methylcellulose-eth ylcellulose ratio 0 Films, plasticized cellulose 
-effects of environment and hydroxypropyl methylcellulose- 
ethylcellulose ratio on water vapor transmission 0 Permeation of 
water vapor through plasticized cellulose films-effects of environ- 
ment and hydroxypropyl methylcellulose-ethylcellulose ratio 


All polymer membranes possess the ability to transmit 
liquids, gases, and vapors, a property termed permea- 
tion. This property is an important parameter in deter- 
mining the potential or actual usefulness of polymeric 
materials in many pharmaceutical applications. In re- 
cent years the pharmaceutical industry has increasingly 
utilized synthetic, polymeric, film-forming materials as 
specialized coatings for drug particles and dosage 
forms, as packaging materials, as topical films and 
bandage components, as dialysis membranes and 
filters, and for many other purposes. With the rapid 


increase in the use of polymers for pharmaceutical 
purposes, a corresponding growth of scientific studies 
concerning the properties of these materials has become 
increasingly important. 


The rate of permeation through films or membranes is 
highly dependent upon the barrier's nature. Polymeric, 
film-forming materials with low moisture permeability 
are said to possess five main characteristics (1): (a)  a 
saturated or nearly saturated carbon chain, (6) a mini- 
mum of chain branching, (c) a high degree of lateral 
symmetry, (d)  a fair degree of longitudinal symmetry, 
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2-Chloro-1-phenylindene from 
l,l-Dichloro-trans-2,3-diphenylcyclopropane 


ROBERT ARMEN MAGARIAN*., STUART MELTONS, and GERRY NATARELLIt 


Abstract An indene derivative was isolated from the reaction 
of trans-st,ilbene and sodium trichloroacetate in diglyme and tetra- 
chloroethylene. The chemical and spectral studies indicate that the 
product isolated is 2-chloro-l-phenylindene, which originated from 
1,1-dichloro-rrans-2,3-diphenylcyclopropane uia an ionized re- 
arrangement. 


Key phrases 1,l -Dichloro-trans-2,3-diphenylcyclopropane-in- 
termediate in the formation of 2-chloro-1-phenylindene from trans- 
stilbene and sodium trichloroacetate in diglyme and tetrachloro- 
ethylene 0 2-Chloro-1 -phenylindene-synthesis from frans-stilbene 
and sodium trichloroacetate in diglyme and tetrachloroethylene uia 
1 ,l-dichloro-~rans-2,3-diphenylcyclopropane 0 trans-Stilbene reac- 
tion with sodium trichloroacetate-isolation, PMR identification 
of 2chloro-1-phenylindene 0 PMR spectroscopy-identification, 
2-chloro-1-phenylindene 0 Receptor theory-cyclopropyl rigid 
ring system, geometric isomers of stilbene, isolation and identifica- 
tion of 2-chloro-1-phenylindene 


Several workers have used rigid ring systems to lock 
functional groups into a desired conformation in order 
to elucidate specific receptors (1, 2). Similarly, our 
interest in the cyclopropane moiety arose from our work 
in the area of estrogenic "receptor" elucidation. This 
interest prompted us to look at stereospecific methods of 
synthesis for the preparation of cyclopropyl derivatives 
of the geometric isomers of stilbene (I), 4,4'-dihydroxy- 
stilbene (II), 1,Zdiethylstilbene (111), and diethyl- 
stilbestrol (IV). 


The interesting reaction between a carbene and an 
olefin described by Fieser and Sachs (3) was selected for 
the preparation of the isomeric cyclopropanes. This 
reaction involves a thermal decomposition of sodium 
trichloroacetate (V) in diglyme and tetrachloroethylene 
to generate dichlorocarbene (VI) (Scheme I). 


The reaction is monitored by the evolution of carbon 
dioxide, and the dihalocarbene is known to be a singlet 
methylene that adds stereospecifically to olefins, produc- 
ing a gem-dichlorocyclopropane (VII). In view of the 
ease with which dihalocarbenes can be generated in the 
presence of olefins, it would appear that the application 
of these reagents to the preparation of cyclopropanes 
would be limited only by the nucleophilic character of 
the double bond (4-6). Prior to the use of this procedure, 
we became aware of the weak nucleophilic character of 


H A  
I 


H A  
II 


0 


C13C-C-ONa 
v 


- -k diglyme/tetrachloroethylene 
A fi ec13 + C02t 


0 
:CCl, - CCl, + cl- 


VI v 0 >-c( + CCl, - u 
61 
W 


Scheme I 


the double bond in trans-stilbene when no products were 
isolated after a number of trials using the Simmons- 
Smith (7) reaction and upon employing diazomethane as 
one reagent in the liquid phase (8-10). The primary 
interest in the gem-dichlorocyclopropane VII was to 
establish only the generality of the stereospecific reaction 
as a method for preparing intermediates to be reduced 
to their corresponding cyclopropane derivatives using 
sodium in methanol (1 1). 


To test this reaction, the simplest olefin in the series, 
trans-stilbene (VIII), was selected in hopes of produc- 
ing l,l-dichloro-trans-2,3-diphenylcyclopropane (IX) 
(Scheme 11). 


EXPERIMENTAL' 


The method of synthesis was adapted from the procedure de- 
scribed in the literature (3). A mixture of 7.2 g. (0.04 M) of trans- 
stilbenez, 14.5 g. (0.078 M )  of sodium tric hloroacetate (3), 10 ml. of 
diglyme3, and 20 ml. of tetra~hloroethylene~ in a 25@ml. round- 
bottom flask, fitted with a condenser and mercury trap, was heated 
near boiling (120"). The mixture was stirred magnetically with 
continued heating until the evolution of carbon dioxide ceased (4 
hr.). The very dark-brown reaction mixture was cooled, 90 ml. of 
95% ethanol was added, and the mixture was filtered by suction. 
The cake containing an organic solid was washed with cold methanol 


,C"C /H 


" b  
WI 


0 
0 


+ CC12 


C1 
Ix 


Scheme I1 


1 Melting points were taken on a Thomas-Hoover capillary melting- 
point apparatus and are corrected. The microanalysis was carried out by 
Midwest Microlab Ltd., Indianapolis, IN 46226 


* Aldrich. 
3 Fisher. 
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8.0 7.0 ' 6.0 5.0 PPM(6) 4.0 3.0 2 .o 1.0 0 


Figure 1-PMR spectrum of 2-chloro-I-phenylindene. 


to remove the dark mother liquor and to give unreacted trans- 
stilbene (3.0 g.). The filtrate was evaporated on a rotary evaporator, 
leaving a thick, dark-brown oil, which yielded additional trans- 
stilbene (0.5 g.) when cooled thoroughly in an ice bath. The solid 
was filtered by suction and the brown filtrate, when stripped of its 
liquid using a rotary evaporator, afforded 12.0 g. of a reddish-brown 
oil. This oil was fractionally distilled, yielding a light-yellow oil 
(139"/2 mm.). Refractionation of the yellow oil provided 1.5 g. (33 
based on trans-stilbene) of white solid, m.p. 61.5-62.0", from 
methanol. 


Anal.-Calc. for C15H,lCl: C ,  79.48; H, 4.89; C1, 15.64. Found: 
C ,  79.50; H, 5.06; C1, 15.53. 


RESULTS AND DISCUSSION 


A reddish-brown oil was isolated from thereaction mixture, which 
was spotted on TLC4 to monitor any unreacted olefin; four spots5, 
one of which was trans-stilbene, were detected when dev5loped in 
carbon tetrachloride and viewed under UV light (3660 A). Upon 


X XI 


C I  A 
XI1 xn1 


Eastman silica gel F chromagram. 
R j  0.17, 0.42, 0.17 (trans-stilbene, yellowish orange), and 0.85 


(purple). 


fractional distillation under vacuum, a yellow oil6 was collected 
which tested for chlorine in alcoholic silver nitrate solution and 
reacted with potassium permanganate solution, but it did not discolor 
the solution of bromine in carbon tetrachloride. The reaction of 
isomeric gem-dibromocyclopropanes with warmed alcoholic silver 
nitrate solution appears in the literature (12). The yellow oil was 
refractionated under vacuum, and a colorless liquid was collected 
which solidified upon exposure to air. A pungent odor of hydrogen 
chloride was noted in the condenser. The solid product7 failed to 
react when warmed with alcoholic silver nitrate and with bromine in 
carbon tetrachloride solution, but it reacted with the potassium 
permanganate solution. The empirical formula, CISHnCl (mol. wt. 
226.7), arrived at from the elemental analysis indicated that a hy- 


6 568 


XIV xv 
6 3.93 d 6.12 


XVI XW 
83.33 


H 6 6 8 2  
X W r  


Scheme Ill- PMR models showing releuant chemical shifrs 


Remnants of the oil changed from light yellow to orange when left 


7 Reacts with plastic lids and containers, resulting in a yellow dis- 
in clear glass containers. 


coloration. 
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XXN 
H 
I 


.. 
Scheme IV 


drogen and chlorine atom were removedfrom the expected product, 
1x8. The chemical and spectral data led to the determination of 
the structure as 2-chloro-1-phenylindene (X). 


The IR spectrumQ (KBr disk) showed absorptions at 3060 
(aromatic C-H), 3030 (GC-H) ,  2875 (C-H), 1455 and 1495 
(benzene ring), and 735 and 760 (0-disubstituted benzene) cm.-l. 
The proton magnetic resonance (PMR) spectrumlo (CDCI,) (Fig. 1) 
is in disagreement with cyclopropane proton signals, which appear 
at an unusually high field at 0.22 p.p.m. except when substituted by 
electronegative groups, bringing about increased chemical shifts 
based upon decreased magnetic screening of the cyclopropane pro- 
tons that remain (13, 14). Seyferth er al. (15) reported the PMR ab- 
sorption ofstructure IX”. In Fig. 1 theresonance absorption for the 


0 
0 


+ CCl, - 
XM 


A -CI- 1 


XXI xx 


clc+ J-H+ 
H 


Scheme V 


6m.p. 39-40.5” (15). 
9 IR spectrum was recorded on a Beckman IR-2OA spectrophotom- 


eter. 


using tetramethylsilane as an internal standard. 


(2 H’s) at 3.15 p.p.m. 


10 PMR spectrum was determined on a Varian A-60-A spectrometer, 


11 Aromatic protons (10 H’s) at 7.37 p.p.m. and methylene protons 


i 
XXVI 


benzylic proton (H,) appears as a doublet. at 4.55 p.p.m., and the 
vinylic proton (Ha) doublet is at 6.80 p.p.m. The aromatic mukiplet 
is downfield at 7.20 p.p.m., and the integration ratio is 9:l :l. The ex- 
pected coupling constant (&) range for the spin-spin interaction be- 
tween benzylic and vinylic protons is 0.5-2.0 Hz. (16,17), and the ob- 
served is an agreeable 1.7 Hz. 


There are five reasonable isomeric structures of the indene X, of 
which only one (XI)12 was reported previoiisly (18). Only four of the 
isomers are listed below, since indenes bearing equivalent geminal 
protons at C, need not be considered. Even if their geminal protons 
were nonequivalent, the coupling constant would be from 12 to 15 
Hz., much too large for the indene X (19). Isomers XI and XI1 have 
vicinal protons at C I - C 2  and an expected coupling constant from 4 
to 10 Hz., which is much larger than the ohserved (16,17). Structure 
X is the proposed compound; the chemical shift of the benzylic 
proton of XIII, although having the same coupling constant as X, 
would be further downfield at approximately 6.0 p.p.m., as inferred 
from the PMR models shown in Scheme [ H I 3 .  Structure XI11 was 
ruled out also on mechanistic grounds. The PMR spectrum of the 
indene X is in close agreement with the chemical shift of the vinylic 
proton absorption for the unsubstituted indene XVIII. 


The mass spectrum (nitrogen intehal standard) exhibited a 
molecular ion peak at m/e 227. The two expected m/e fragment peaks 
were seen: 167 (M - 60), the loss of C2HCl from the parent ion, and 
192 (M - 35) from the loss of CI (Scheme IV). 


CONCLUSION 


The evidence cited here supports the formation of 2-chloro-l- 
phenylindene, and the mechanism for its formation is illustrated in 
Scheme V. Although any mechanistic interpretation must be re- 
garded as speculative without additional data, one plausibleexplana- 
tion is presented based upon modern electronic theory (20). 


The departure of a chloro group from the 1,l-dichloro-2,3- 
diphenylcyclopropane (XIX) intermediate to form the cyclopropyl 
cation XX and the bond-breaking electrocyclic reaction to give the 
benzylic cation XXI are concerted. This is apparent when it is 
realized that the 2,3-bond is broken by either inward (XXIV) or 
outward (XXV) rotation. The electron density of that bond shifts 
either below or above (XXVI) the plane, depending on the mode of 
rotation, and is then available for backside displacement of the 
chloro group. This reaction is a normal S,v2 displacement of the 
leaving group by the electrons of the backbone sigma bond in the 
cyclopropyl ring. 
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Application of Salivary Salicylate Data to 
Biopharmaceutical Studies of Salicylates 


GARRY GRAHAM* and MALCOLM ROWLAND’ 


Abstract 0 Concentrations of salicylic acid in saliva and plasma 
were measured in three subjects following the administration of 
650 mg. of aspirin. Concentrations of salicylic acid in saliva were 
proportional to concentrations in plasma, saliva-plasma ratios in 
the three subjects being 0.0293 f 0.0013, 0.0303 f 0.0033, and 
0.0394 f 0.0043. The saliva-plasma ratios were independent of the 
plasma concentrations of salicylic acid observed in this study, the 
maximal concentration being 50 mcg./ml. Measurement of salivary 
concentrations of salicylic acid may be a useful technique in the 
evaluation of different formulations of aspirin or other salicylates. 
In the present study, delayed release of aspirin from enteric-coated 
tablets was demonstrated from the time course of the concentration 
of salicylic acid in saliva. 


Keyphrases 0 Salivary excretion-relationship between salicylic 
acid concentration in saliva and plasma after aspirin administra- 
tion, man 0 Salicylic acid levels after aspirin administration- 
relationship between saliva and plasma concentrations, man 0 
Absorption, aspirin-relationship between salicylic acid concentra- 
tion in saliva and plasma, man 0 Aspirin absorption-relation- 
ship between salicylic acid concentration in saliva and plasma, man 


The secretion of drugs and other foreign compounds 
in saliva is well known. The salivary excretion of weak 
acids such as salicylate (I) ,  sulfonamides (2,3), and bar- 
biturates (3, 4) has been investigated in some detail. 
Killman and Thaysen (2) found that the concentrations 


of several sulfonamides in human saliva were propor- 
tional to the concentration of the unbound drug in 
plasma. These observations indicated that measurement 
of concentrations of drugs in consecutive samples of 
saliva may be a useful technique in investigations of the 
kinetics of absorption and elimination of drugs, al- 
though difficulties may arise if the plasma binding char- 
acteristics of the drugs varied significantly during the 
time course of the experiments. 


In the present study, the relationship between the 
concentrations of salicylic acid in saliva and plasma was 
investigated at various times after aspirin administra- 
tion. Furthermore, the measurement of salicylic acid 
levels in serial samples of saliva was examined as a 
technique in the evaluation of aspirin preparations, 
although the different preparations were not evaluated 
thoroughly. The aim of the present work was to de- 
velop a technique that would obviate the need for col- 
lecting blood samples in some biopharmaceutical studies 
with salicylates. All studies were conducted using mixed 
saliva. It was considered that methods of collecting 
saliva should be as simple as possible if measurements of 
salivary levels of salicylic acid were to have practical 
value in the evaluation of different pharmaceutical 
formulations. 
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Preliminary Phytochemical Investigation of Euphorbia millii 


SALVADOR PANCORBO and RICHARD H. HAMMER' 


Abstract 0 Euphorbiu millii (Des Moulins) was investigated. 8- 
Sitosterol, cycloartenol, and 8-amyrin acetate were isolated from 
the petroleum ether extract. The presence of lupeol and euphol as 
minor constituents was demonstrated by GC, and the existence of 
flavonoids in the methanol extract was shown. 


Keyphrases 0 Euphorbiu millii-phytochemical investigation, isola- 
tion and identification of constituents 0 Medicinal plants-pre- 
lirninary phytochernical investigation of Euphorbio mi lk  0 GC- 
isolation and identification of Euphorbiu millii constituents 


Euphorbia millii (Des Moulins) is a native shrub of 
the Island of Madagascar and is widely cultivated as an 
ornamental plant in the South Florida area. It has been 
reported (1) to contain toxic substances in its latex. 


The genus Euphorbia has been very prolific in the 
production of substances with biological properties. 
Antitumor activity has been reported in extracts of 
Euphorbia drumondii (2) ,  antimicrobial alkaloids have 
been found in Euphorbia thymifolia (3), and extracts 
from Euphorhia ingens (4) have produced epidermal 
hyperplasia and tumors in mice. 


In addition, a variety of chemical compounds have 
been isolated from Euphorbiu species. Dumkow ( 5 )  
isolated kaempferol 3-a-monorhamnopyranoside from 
Euphorbia myrsinites, Wingnes and Andrew ( 6 )  re- 
ported the presence of D-glucaric acid in the latex of 
Euphorbia canariensis, and Morales Mendez (7) identi- 
fied triterpenoids in Euphorbia caracasana. 


Interest in this investigation arose out of the limited 
phytochemical reports on E. millii and the many 
medicinal applications of other species from the genus 
Euphorbia. 


EXPERIMENTAL 


Plant Material-The plants' used in this investigation were air 
dried for 1 month and then ground in a mill (Fitzpatrick), yielding 
2.4 kg. of fine, powdered material. 


1 Obtained from Melrose Nursery, Miami, Fla., during the spr~ng 
of 1969. 
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Table I-Chromatography on Silicic Acid of the 
Petroleum Ether Extract 


Fraction Fraction L.B. 
Number Weight, g. Eluent Test" 


A (1-22) 18.4 Heptane-benzene - 


B (23-28) 5 . 2  Heptane-benzene + 
C (29-39) 18.6 Benzene + 
D (40-43) 3.4 Benzene + 
E (44-55) 14.0 10% Ethyl + 
F (56-63) 8 . 4  10% Ethyl + 
G (64-79) 13.9 2075 EthyI - 


(1:l) 


( 1 : l )  


acetate in 
benzene 


acetate In 
benzene 


acetate In 
benzene 


a Liebermann-Burchard test. 


Extraction of Powdered Plant-The fine, powdered material was 
extracted in a 3-1. soxhlet apparatus with petroleum ether (b.p. 
30-60") for 72 hr. At the end of this period, the petroleum ether 
was removed and the marc was extracted with methanol for an 
additional 72 hr. 


The petroleum ether extract was evaporated to dryness with the 
aid of a continuous circulating-type evaporator and a rotavapor 
(Bachi). The gummy, greenish residue obtained (196 9.) was then 
subjected to saponification. 


Saponification of Petroleum Ether Extract-Before saponifica- 
tion of the petroleum ether extract was undertaken, tests for the 
presence of sterols were performed on the extract. Samples were 
subjected to the Liebermann-Burchard and Salkowski tests (8, 9), 
giving positive reactions characteristic of steroids or triterpenoid- 
type compounds. 


The gummy residue obtained from the petroleum ether extrac- 
tion was dissolved in 1.5 I. of ethanol and saponified by refluxing 
with 30 g. of potassium hydroxide for 1.5 hr. The ethanol was then 
removed with the help of the rotavapor, and the residue was mixed 
with 1.5 1. of water. The water suspension was placed in a 2-1. 
separator and extracted with six 500-ml. portions of ether. The ether 
fraction was tested for the presence of sterols with the Liebermann- 
Burchard reagent and gave a positive test. The solvent was then 
evaporated and the residue was dissolved in 1 1. of hot acetone. 
Thirteen grams of acetone-insoluble material was removed (Frac- 







E. rniNii 


(2.4 kg.) 
petroleum ether 


petroleum ether extract defatted plant (marc) 


saponification 


saponkable 
fraction 


nonsapohab le  
fraction (ether) 


solvent evaporated off 
and residue dissolved 
in 1 1. hot acetone 


(fraction 1) I cool 


methanol 


methanol mirc 
solubles (discarded) 


preciiitate 
(fraction 2) 


filirate 


I 
solution evaporated 
to 800 ml. 


precipitate filtrate 
(fraction 3) I silicic acid 


column 


Scheme I-Extraction and Fractionatiort of E.  millii 


tion 1) and the filtrate was allowed to  cool to  room temperature. A 
greenish amorphous material (4.5 8.) precipitated upon cooling 
and was filtered (Fraction 2). The acetone solution was then evap- 
orated to approximately 800 ml. and cooled, yielding a precipitate 
(3.0 9.) of brown amorphous material (Fraction 3). 


Fractions 1, 2, and 3 gave negative results when subjected to the 
Liebermann-Burchard test and were set aside. The mother liquor 
remaining from the acetone solution was evaporated to  dryness and 
the material was subjected to  column chromatography (Scheme I). 


Chromatography on Silicic Acid of Petroleum Ether Extract- 
The acetone solution, upon evaporation, yielded 105 g. of a gummy 
residue. This material was added to  the top of a column (8.5 x 
105 cm.) packed with a slurry of 2 kg. silicic acidz in heptane- 
benzene (1 : 1)  and eluted initially with the same solvent mixture, 
followed by benzene, 10% ethyl acetate in benzene, and finally 
2 0 z  ethyl acetate in benzene; 250-ml. fractions were collected. 


The fractions collected were monitored by means of TLC on 
silica gel plates. Plates 20 X 20 cm. in area and 250 p in thickness 
and a solvent system of heptane-benzene-ethanol (50: 50 :2) were 
employed. The spots were detected by spraying with 20% antimony 
trichloride in chloroform. Liebermann-Burchard tests were per- 
formed on each fraction. Fractions were pooled on the basis of 
changes in TLC patterns and their behavior t o  the Liebermann- 
Burchard reaction (Table I). 


Examination of Fractions B, C, D, and E-TLC of Fractions 
B, C, D, and E (Tubes 23-55) on silica gel plates, utilizing the same 
solvent system already mentioned, showed a minimum of five 
spots, ranging in Rf values from 0.20 to 0.42. These fractions were 
recombined and subjected to  column chromatography. 


Isolation of p-Sitosterol-Fraction F (Tubes 5663)  was examined 
by TLC on silica gel; it showed one large spot at  R ,  0.20 and 
traces of other material at  Rf 0.32 and 0.38. Approximately 2.5 g. 
of material from Fraction F was dissolved in hot methanol, and 
the resulting solution was allowed to cool slowly. After 24 hr., a 


crystalline material (I) was removed which, upon harvesting and 
drying in a vacuum desiccator overnight, weighed 120 mg. (m.p. 


Chromatography on Alumina of Fractions B, C, D, and E-The 
solution resulting from the combined fractions was evaporated to 
dryness, yielding 40 g. of an orange gelatinous material. This was dis- 
solved in 200 ml. of benzene and added to  the top of a column 
(4.5 X 90 cm.) packed with a slurry of 1.8 kg. of alumina3 in ben- 
zene. The column was eluted with benzene, followed by 10% ethyl 
acetate in benzene and finally 20% ethyl acetate in benzene. Then 
250-ml. fractions were collected, monitored, and combined after ex- 
amination on TLC and by the Liebermann-Burchard reaction. Table 
I1 shows the results of the color tests, the weight of each combined 
fraction, and the elution solvent. 


Isolation of p-Amyrin Acetate-Fraction I (Tubes 7-14) contained 
7.5 g. of material which, when subjected to  TLC on silica gel using a 
solvent system of heptane-benzene-ethanol(50 : 50 :2), showed three 
spots, with one major spot at  RJ 0.38. Attempts were made to 
purify this material by preparative TLC. The plates were prepared 
by a slightly different method. Thirty grams of silica gel4 were 
shaken with 75 ml. distilled water until a homogeneous mass was 
obtained. The suspension was immediately placed on a 20 x 20-cm. 
dry, clean plate, and the plate was vibrated by hand to  allow the 
material to  spread to  all corners. The plate was allowed to  air dry for 
12 hr. and was then dried in an oven at 110" for 2 hr. 


Three hundred milligrams of material from Fraction I was placed 
on a preparative plate with the aid of a micropipet and developed in 
a solvent system of heptane-benzene-ethano1(50:50:2). One major 
band at approximately R/  0.38 was scraped off the plate and ex- 
tracted with 10% methanol in chloroform. Upon evaporation of the 
solvent, 200 rng. of a gelatinous yellow material was obtained; this 
material would not crystallize from methanol, acetone, or chloro- 
form. 


136-137"). 


* 100 mesh, Mallinckrodt analytical reagent. 


~~ 


3 Woelm, neutral, activity grade 1. 
HFxa~ssa according to E. Stahl, Merck A. G., Darmstadt, Germany. 
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Table 11-Chromatography on Alumina of the Combined 
Fractions (B, C, D, and E) 


~ ~ ~~~ ~ ~~ ~ ~~~~ ~~~ 


Fraction 
Fraction Weight, L.B. 
Number g. Eluent Test" 


6 .8  Benzene - H ( 1-6) 
I (7-14) 7 .5  Benzene + 
J (1 5-27) 8 .1  10% Ethyl acetate + 
K (28-41) 2 . 8  10% Ethyl acetate + 
L (42-57) 2 .0  20% Ethyl acetate - 
M (58-67) 1 . 5  20 % Ethyl acetate - 


in benzene 


in benzene 


in benzene 


in benzene 


a Liebermann-Burchard Test. 


Acetylation of this material was undertaken by dissolving it in 2 
ml. of dry pyridine and reacting it with 10 ml. of acetic anhydride. 
The solution was allowed to stand at room temperature overnight. 
Fifty milliliters of distilled water was added and the crude acetate 
precipitated. TLC of the sample, as previously described, using a 
solvent system of heptane-benzene (1 !I), showed it t o  have three 
spots, with one major spot at R /  0.45. Then 180 mg. of this material 
was subjected to preparative TLC on silica gel and treated in the same 
manner. The band at  R/ 0.45 was scraped off the plate and extracted 
with 10% methanol in chloroform. Evaporation of the solvent 
yielded 150 mg. of a white, powdery material. Crystallization of this 
substance from acetone-methanol (1 : 1) yielded crystals (II) ,  m.p. 


TLC of the acetylated isolate (II), using silica gel and a solvent 
system of heptane-benzene-ethanol (50 : 50 : 2), showed it to be a 
homogeneous material with an Rf valueof0.38. 


Isolation of Cycloartenol from Fraction J-Fraction J (Tubes 
15-27) yjelded, upon evaporation of the solvent, 8.1 g. of a dark- 
orange, gummy residue. This material was dissolved in hot chloro- 
form, boiled for several minutes with decolorizing charcoal, and 
filtered while hot. The chloroform was then removed it1 uacuo 
and the residue was crystallized from a small volume of ethanol, 
yielding crystals (III) ,  m.p. 84-85 '. Recrystallization of this sub- 
stance from acetone yielded white needles, m.p. 94-95'. 


Fraction K (Tubes 28-41) yielded another 250 mg. of (3-sitosterol 
after recrystallization from methanol. 


Detection of Euphol and Lupeol as Minor Constituents by GC- 
A sample of Fractions B, C, D, and E from the silicic acid column 
(Table I) was analyzed by GC6. Three different liquid phases were 
used: 3% OV-17, 1 OV-1, and 1.6% SE-30, all on Chromosorb W 
solid phase. The operating conditions and retention times are given 
in Table 111. The sample was demonstrated to be composed of 
euphol and lupeol in addition to the other three compounds already 
isolated. 
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Figure 1- Mass spectrum of cycloartenol. 


Table 111-GCa of Fractions B-E' 


Retention Time, min.--- --- 
Products 3z OV-17 1 OV-1 1.6% SE-30 


Euphol 11.8 10.7 11.0 
Lupeol 14.3 10.0 10.3 
(3-Sitosterol 1 1 . 1  10.2 10.8 
(3-Amyrin 12 .0  11.2 11 .8  
Cycloartenol 16.6 14 2 15.4 


(1 Flow rate, 50 ml./min.; oven temperature, 250" for OV-17, and 
200" for OV-1 and SE-30. bFractions B through E were combined, 
the solvent was evaporated off, the residue was dissolved in acetone, 
and 25 MI. was injected. 


Detection of Flavonoids from Methanol Extract-The meth- 
anol extract was evaporated to approximately 900 ml. At this 
point, most of the methanol had evaporated and the residual water 
solution was extracted with six 500-ml. portions of chloroform. The 
solvent was evaporated off, and a 5-g. sample of the residue was 
dissolved in 30 ml. of chloroform and added to the top of a column 
( 3  X 60 crn.) packed with a slurry of I 0 0  g. silicic acid in chloro- 
form. The column was then eluted with chloroform, 40% ethyl 
acetate in chloroform, and ethylacetate. Fifty-milliliter fractions were 
collected, which were monitored and recombined on the basis of 
their behavior on TLC. All of the combined fractions were sub- 
jected to the cyanidin reaction (10). The combined Fractions 
7-12 gave a positive cyanidin test. TLC of this material on 
polyamide plates6, using methanol as the developing solvent and 
followed by exposure to ammonia vapors, revealed the presence of 
several yellow spots suggestive of the presence of flavonoids (1 1). 
Work is now underway to purify this material further. 


RESULTS AND DISCUSSION 


The carbon-hydrogen analyses for Compounds I ,  11, 111, and 
their derivatives are reported in Table 1V. 


Mass spectrometric analysis of Compound I showed a molecular 
ion peak at m/e 414 that was identical to an analysis of a reference 
standard of 0-sitosterol. IR, NMR, and TLC analyses of I compared 
to  (3-sitosterol proved I to be P-sitosterol, m.p. 136-137" [lit. (12) 
m.p. 137-138"]. Acetylation of I yielded an acetate which was 
identical to 0-sitosterol acetate, m.p. 123-124" [lit. (13) m.p. 125- 
127"]. 


Compound 11 exhibited a molecular ion peak at  mle 468 and a 
base peak at  m/e 218 characteristic of pentacyclic triterpenes of the 
a- and 0-amyrin series (14). IR and NMR analyses were identical to 
a reference standard of (3-amyrin acetate. Compound I1 was 
hydrolyzed with potassium hydroxide, yielding the free alcohol which 
agreed with the melting point, NMR, IR, and TLC of a reference 
standard of P-amyrin, m.p. 196-197" [lit. (15) m.p. 197-198"]. 
Subsequent examination of a petroleum ether extract of E.  millii 
that was not saponified indicated that P-amyrin also occurs in the 
plant as the acetate. 


The mass spectra of Compound 111 (Fig. 1) showed a molecular 
ion peak at mle 426 and a signal at  m/e 286 characteristic of the mass 
spectrum of cycloartenol, which has been identified in certain other 
Euphorbia species (16, 17). The NMR and IR analyses were identical 
to those of a reference sample of cycloartenol. To confirm the 
identity of 111 further, it was acetylated with acetic anhydride in 
pyridine, giving an acetate that was identical in all respects to a 
reference standard of cycloartenol acetate, m.p. 118-119" [lit. (17) 
m.p. 120-121'7. 


The use of GLC, particularly when employing threedifferent liquid 
phases, made it possible to screen accurately the different fractions 
and to identify euphol and lupeol in E. milli. 


SUMMARY 


The nonsaponifiable fraction from the petroleum ether extract of 
E.  millii (Des Moulins) was investigated. Column chromatography 


~ ~~~ 


6 Varian 2100 gas chromatograph. 6 MN-Polyamide, Macherey, Nagel and Co., Germany. 
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Table IV-Elemental Analyses of Compounds 1-111 
and Their Derivatives 


-Analysis, %- 
Compo LI 17 d For mu la Calc. Found 


1 Free alcohol C,sH,~O C 83.99 84.26 
H 12.15 12.33 


I Acetate C I I H ~ O ?  C 81.52 81.72 
H 11.48 11.55 


I1 Free alcohol C,OHK,O C 84.40 84.92 
H 11.80 11.78 


11 Acetate C12Hz02 C 81.99 81.95 
H 11.18 11.26 


H 11.79 11.80 
111 C3oHjuO.HnO C 81.02 81.26 


ofthis fraction on silicic acid yielded (3-sitosterol. TLC on alumina of 
several fractions eluted from the silicic acid column yielded cyclo- 
artenol. Acetylation of a fraction from the alumina column yielded, 
after preparative TLC, (3-amyrin acetate. Examination of a petro- 
leum ether extract of the plant which was not subjected to harsh 
saponification methods indicated that (3-amyrin also occurs as the 
acetate. 
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Potential Antidiabetics XII: 
N’-Phenylcarbamoyl-4-arylazo(3- and/or 5-substituted)pyrazoles and 
Their Biological Activities 


H. G .  GARG’ and CHANDRA PRAKASH 


Abstract 0 The promising antidiabetic candidates A“-phenyl- 
carbamoyl-4-arylazo-3,5-dimethylpyrazoles, Nl-phenylcarbamoyl- 
4 - arylazo - 3 - methyl - 5 - phenylpyrazoles, and N 1  - phenylcar- 
bamoyl-4-aryla~o-3,5-diphenylpyrazoles were prepared in 55- 
70 ;(, yield by the cyclization of 2,3,4-pentanetrione-2-arylhydra- 
zones, I-phenyl-2-arylhydrazono-I ,2,3-butanetriones, and 1,3- 
diphenyl-2-arylliydrazono-I,2,3-propanetriones, respectively, with 
4-phenylseniicai.bazide. No significant antidiabetic effects were 
observed in pharmacological testing of these compounds except 


for N1-pheiiylcarbamoyl-4-(2,3-dimetl~ylphenylazo)-3,5-dimethyl- 
pyrazole. 
Keyphrases c] Antidiabetic agents, potential-synthesis and bio- 
logical activity of N1-phenylcarbamoyl-4-arylazo(3- and/or 5-sub- 
stituted)pyrazoles 0 Pyrazoles, N~-phenylcarbamoyl-4-arylazo(3- 
and/or 5-substituted)-synthesis as potential antidiabetic agents, 
biological activity 0 N~-PhenyIcarbamoyl-4-arylazo( 3- and/or 5- 
substituted)pyrazoles-synthesis as potential antidiabetic agents, 
biological activity 


The facts that N1-phenylcarbamoyl-3,5-dimethylpyra- 
zole possesses hypoglycemic activity 20-30 times that of 
tolbutamide (1) and that certain arylazohydroxyquino- 


lines are diabetogenic (2) led to  the synthesis of 
N1-phenylcarbamoyl-4-arylazo-3,5 -dimethylpyrazoles, 
N1-phenylcarbamoyl-4-arylazo-3-methyl-5-phenylpy- 
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Complexation of Acetaminophen with Methyl Xanthines 


Y. P. CHOW and A. J. REPTA' 


Abstract 0 The interaction, in aqueous solution, of acetamino- 
phen with caffeine, theophylline, and theobromine was investigated. 
Caffeine and theophylline form isolatable crystalline 1 : 1 complexes 
with acetaminophen, while theobromine apparently does not com- 
plex with acetaminophen. The caffeine-acetaminophen complex 
was found to exist in three forms. differing only in the degree of 
solvation. The solubility and dissolution rates of some of the 
caffeine-acetaminophen and tlieophylljne-acetaniinopheii com- 
plexes were determined. 


Key phrases 0 Acetaminophen--complexation with methyl xan- 
thines, particularly caffeine and theophylline 0 Caffeine-acetamino- 
phen complexes-isolation, solubility, dissolution rates, stability 
constants 0 Theophylline-acetaminophen complexes-isolation, 
solubility, dissolution rates, stability constants 0 Complex forma- 
tion-acetaminophen with methyl xanthines 0 Analgesic avail- 
ability-effect of complexation 


Many studies have shown that caffeine and related 
xanthines are capable of interacting in aqueous media 
with a variety of drugs through complexation (1). 


In  a recent search of the literature relative to  the 
possible influence of complexation on the availability of 
analgesics, it became obvious that the effect of the 
interaction of acetaminophen with the methyl xanthines 
had not been reported. 


Although acetaminophen and caffeine are present 
in many commercial analgesic products (2), the role or 
purpose of caffeine as a therapeutically active ingredient 
may be doubtful. However, such combinations may 
exhibit physical-chemical interactions of pharmaceutical 
interest and importance from a formulation standpoint. 


EXPERIMENTAL 


Equipment'-Constant-teniperature water baths were used which 
maintained the temperature at 25 f 0.1 @. Tablets for the dissolu- 
tion studies were prepared using a Carver press and a flat-face 
punch and die with a diameter of 1.27 cm. (0.5 in.). The dissolution 
apparatus consisted of a 500-ml., two-necked round-bottom flask 
immersed in a constant-temperature bath. The dissolution medium 
(350 ml. of water) was stirred through the central neck of the flask 
using a stirring motor2 and an L-shaped glass stirrer located 2.5 cm. 


Spectrophotometric measurements werc made using a Cary model 
14 or 15 spcctropliotometer. Differential scanning calorimetry was per- 
formed using a Perkin-Elmer model DSC-IB difi'erential scanning 
calorimeter. Thc Varian model T-60 was used for obtaining NMR 
spcctra. 


Inframo model RZR64. 


Table I--Amounts of Substrate and Ligand Used in the 
Various Solubility Studies 


Substrate Ligand 


Acetaminophen, 2 g. 
Acetaminophen, 1 . 5  g. 
Theobromine, 0.03 g. 


Caffeine, 0-3.1 g. 
Theophylline, 0-2.4 g. 
Acetaminophen, 0-0.32 g. 


above the bottom of the flask. The stirring rod was fashioned from 
a 7-mm. glass rod, as shown in Fig. 1. 


Materials-Caffeine, theophylline, theobromine, and acetamino- 
phen were recrystallized from distilled water, dried to constant 
weight, and shown to be anhydrous by differential scanning calo- 
rimetry and/or NMR. Melting points were found to be in good 
agreement with literature values ( 3 ) .  All water used was distilled 
from acid permanganate solution in an all-glass apparatus. The 
NMR spectra were obtained in deuterated dimethyl sulfoxide 
(97.5% isotopic purity). All other reagents were of analytical or 
reagent grade. 


Methods-Solubilify Study-A certain quantity of substrate, in 
excess of its aqueous solubility, was placed in 30-ml. glass, screw- 
cappedvials together with increasing but accurately weighed amounts 
of ligand (Table I )  and 20 ml. of distilled water. The vials were 
sealed and fixed on a rotating shaft in a constant-temperature bath 
and equilibrated for 48 hr. at  25 f 0.1". Aliquot portions of the 


A S S  R O D  


Figure 1-Shape and dime/isions of glass stirrer used i r ~  dissolutiorl 
rate studies. 
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Table 11-Molar Absorptivities of the Various Components a t  25" and the Conditions under which They Were Determined 
~ 


7 -Absorptivities, 1 cm.-l M-1 . 
257.5 nm. in 276.5 nm. 248.5 nm. 271 nm. 272 nm. 273 nm. 


Components Solution Chloroform Methanol Methanol Methanol Methanol 
pH 12 Aqueous in in in in in 


- 


Acetaminophen 
Caffeine 
Theophylline 
Theobromine 


~ 


3230 2970 
- 9240 


10,380 - 13,300 3700 
2,640 - - 9600 


- - 3,140 9680 
- - 2,680 - 9260 - 


- - 


supernatant liquid were removed using a pipet (whose tip had been 
wrapped with glass wool) and analyzed by the procedures described 
later. In the acetaminophen-caffeine system, glass wool (or a tiny 
crystal of the complex) was added to  induce crystal formation 
prior to  sampling. 


Isolario/z of' Complexes-The complexes were isolated during the 
solubility studies. The acetaminophen-caffeine complex did not 
precipitate spontaneously during solubility studies, and it was 
necessary to induce crystallization by introducing a small piece of 
glass wool into the solutions and allowing them to  remain at 25" 
for about 1 hr. The resulting precipitate was then separated by 
filtration. The damp residue melted over a range of 40-45". When 
the precipitate was allowed t o  air dry for several hours and then 
placed i n  a vacuum oven at 40" and a pressure of 2 mm. of mercury 
for 24--48 hr., the resulting anhydrous material melted at about 145". 
The preparation of the monohydrate acetaminophen-caffeine com- 
plex (melting point -85") is described below. 


In the case of the acetaminophen-theophylline complexes, pre- 
cipitation occurred spontaneously during the solubility studies. 
The precipitate was removed by filtration, and the damp precipitate 
melted at  about 55". Complete drying in a vacuum oven resulted in 
the anhydrous complex which melted at  -192-195". 


Dissolutio/z Rare Study-All dissolution studies were performed 
according to the following method. 


Approximately 300 mg. of the material t o  be tested was com- 
pressed at  2270 kg. (5000 Ib.) into a tablet. The weight and surface 
area of the tablet were then determined. The tablet was then placed 
in the 350 ml. of water contained in the dissolution apparatus and 
the time was noted. One- or two-milliliter samples were withdrawn 
at the appropriate times through the side arm of the flask. A pipet 
whose tip was wrapped in glass wool was used to  remove the sample. 
The samples were analyzed as described below. 


A/ialyficrrl Procedure-The analysis of all compounds was done by 
spectrophotometric measurements after appropriate treatment of 
the various samples. The absorptivities of the various compounds 
under the conditions at which they were measured are given in 
Table 11. 


1. Acetaminophen-calfeine-In the acetaminophen-caffeine sys- 
tem, caffeine was separated from acetaminophen by adjusting the 
pH of the aqueous solution of the compounds to 12 with 0.1 N 
NaOH solution [pKa of acetaminophen was determined as 10.15, 
pKa of caffeine is 14 (3)] and extracting with chloroform. Aliquots 
of the aqueous portion, containing the sodium salt of acetamino- 


phen, were diluted with an equal volume of pH 12 buffer, and the 
absorbance was measured at 257.5 nm. The aliquot of chloroform 
extract, containing caffeine, was diluted with an equal volume of 
chloroform and the absorbance was measured at 276.5 nm. (Table 
11). 


2. Acetaminophen-theophylline-Multicomponent analysis by 
spectrophotometry (4) was used in this system. The absorptivities 
(Table 11) were obtained from Beer's law plots which were made by 
dissolving known weights of sample in methanol. The concentra- 
tions of acetaminophen and theophylline were determined by taking 
1 ml. of aqueous sample, diluted 1 : 5000 or 1 : 10.000 with methanol, 
and measuring the absorbances at 248.5 and 271 nm. 


3. Acetaminophen-theobromine-Multicomponent analysis (4) 
by spectrophotometry was also used in this system. The concentra- 
tions of acetaminophen and theobromine were determined at  248.5 
and 272 nm. after appropriate dilution of the samples. 


Stritcrrrre of' Complexes-To determine the degree of hydration 
of the acetaminophen-caffeine complex which was precipitated, and 
to  demonstrate that the acetaminophen-caffeine complexes differed 
only in the degree of hydration, the following experiment was 
carried out. 


A sample of the appropriate complex was place in an open vial, 
and the vial was then placed in a vessel containing a saturated 
aqueous barium chloride solution and excess barium chloride. This 
system was then sealed and placed in a water bath at  25". The 
activity of water on the saturated barium chloride solution was re- 
ported ( 5 )  t o  be 0.90. The experimental design did not permit di- 
rect contact beteen the barium chloride solution and the sample, 
but it did allow water t o  be transferred ciri the vapor phase. The 
melting behavior, as reflected by differential scanning calorimetric 
recording, was checked at various times under the conditions 
employed. When no further change was observed for the "freshly 
filtered sample" (after about 3-4 weeks), a portion of the sample 
was weighed and then dried completely and reweighed. The loss in 
weight was attributed to  water loss. The complex was shown in 
this way to  contain about 6.4 molecules of water. The NMR spec- 
trum also showed 6 moles of waterirnole of the 1 : 1 acetaminophen- 
caffeine complex. 


RESULTS AND DISCUSSION 


The complexation of acetaminophen with each of the compounds 
(caffeine, theophylline, and theobromine) was studied at  25" in 


Table 111-Initial Dissolution Rate of Acetaminophen, Caffeine, and Theophylline from Tablets at  25" in Watera 
~- ~ ~ ~- 


--Initial Dissolution Rateb of Components, M cm.-' min.? X lo5-- 
Tablet Composition Acetaminophen Caffeine Theoph ylline 


Pure acetaminophen 
Pure caffeine 
Pure theophylline 
Hexahydrate complex 


Monohydrate complex 


Anhydrous complex 


Anhydrous complex 


Physical mixture OP 


Physical mixture ofd 


of acetaminophen-caffeine 


of acetaminophen-caffeine 


of acetaminophen-caffeine 


of acetaminophen-theophylline 


acetaminophen-caffeine 


acetaminophen-theophylline 


0.90 
- 
- 


0.67 


2.75 


2.50 


0.66 


3.80 


0 .12  


- 


1.10 


0.67 


2.75 


2.50 


- 


3.80 


- 


0 .50  
~ 


- 


0.76 


- 


1.07 


~~ ~ ~ ~ ~~ 


a Stirring rate was 120 r.p.m. b Based on initial surface area of tablet. c Coprecipitate (see text for further discussion). d Mixture of powdered acet- 
aminophen and theophylline. 
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Table IV-Summary of Data for the Complexation of Acetaminophen with Caffeine, Theophylline, and Theobromine a t  25"  in Water 


Evidence of Stoichiometry of Complex Initial Solubilityo 
Complexa- -(Acetaminophen-Xanthine)- Slope KI:I of Complex 


System tion Chemical Calculated (Fig. 1) (I. mole) (mole 1.) 


Acetaminophen-caffeine Yes 1 1.10 0.838 59.4 -0.1 
16.1 N O .  05 
- - Acetaminophen-theophylline Yes 1 1 . 0 3  0.614 


Acetaminophen-theobromine No - - - 


fl Estimated from increase in total acetaminophen concentration in Fig. 2. 


water using the solubility method (1). The equilibrium phase solu- 
bility diagrams obtained for the acetaminophen-caffeine and 
acetaminophen-theophylline systems are shown in Fig. 2. In both of 
these systems, the solubility of the substrate (acetaminophen) was 
found to be increased by the addition of the ligand. Furthermore, 
both systems deposited crystalline complexes at  higher concentra- 
tion of ligand. These complexes were isolated, dried, and analyzed. 
Both were found to contain 1 mole of ligand/mole of substrate. The 
acetaminophen-theobromine system, however, did not give any 
evidence of complexation. Even when theobromine was employed 
as the substrate in the presence of a 12-fold excess of acetamino- 
phen, there was no detectable changes in solubility and no crystal- 
line complex was formed. These results may have been due in part 
to a lack of sensitivity of the analytical method employed; but it is 
safe to say that if any complexation did occur, it was negligible 
relative to that observed for the acetaminophen-caffeine and 
acetaminophen-theophylline systems. 


Calculation of the stoichiometry of the acetaminophen-caffeine 
and acetaminophen-theophylline complexes based on the data i n  the 
plateau region (1) of the respective diagrams in Fig. 2 were in good 
agreement with those obtained by isolation and analysis of the 
crystalline complexes as indicated in Table 11. The slightly greater 
value of the stoichiometric ratio of acetaminophen to  caffeine in 
the complex as found from calculation based on the solubility dia- 
gram suggests that complexes consisting of two or more molecules 
of acetaminophen per molecule of caffeine exist in solution but are 
not precipitated. On the basis of the formation of the 1 :1 complex, 
the stability constants for both systems were calculated (1). These 
are listed in Table IV along with the approximate solubility of each 
complex as calculated from the increased solubility of acetamino- 
phen for each system. Thestability constants are in general agreement 
in both rank and magnitude with those found for similar systems 
(1) .  


An interesting observation made in the studies involving acet- 
aminophen and caffeine was that the precipitation of the complex 
was not spontaneous.When sealed vials containing acetaminophen 
and caffeine in four- t o  fivefold excess of their equilibrium solu- 
bility were equilibrated at 25", a clear solution resulted which did 
not produce a precipitate over periods of up to 2 weeks. Only when 
glass wool or a crystal of complex was introduced did crystalliza- 
tion occur. 
In the process of isolating and determining the stoichiometry of 


the crystalline complexes, it was noted that the melting point of the 
solids changed with time. This was especially noticeable with the 
acetaminophen-caffeine complex. When the freshly filtered solid 
was air dried for 1-2 hr. and then heated in a sealed capillary, the 


t 
0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 


LIGAND ADDED, rnoles/kg. of WATER 


Figure 2-Solitbility of acetamini)pphetr us a Jiiiiction of caffeiiie (0) 
or rheophylline (e) added. 


solid (AC-I) melted at  about 42-50". When allowed to  air dry for 
about 24-48 hr., the resultant material (AC-11) melted at  about 75- 
80". If the solid was exhaustively dried in a vacuum oven at 40" 
and about 2 mm. of mercury, the resulting anhydrous solid (AC- 
111) melted at about 145". Analysis of all three solids demonstrated 
that each contained acetaminophen and caffeine in an equimolar 
ratio and that the difference in melting points was due to water of 
hydration. 
In the case of AC-11, spectrophotometric analysis, weight loss on 


drying, and NMR showed the complex to  be a monohydrate. AC- 
111 was found to  be anhydrous. The water content of AC-I was not 
easily determined, however, due to the rapidity of water loss. To 
determine the composition of AC-I and to  establish whether or 
not the hydration and dehydration were reversible, the following 
experiment was carried out. Samples of AC-111, AC-11, and the 
freshly filtered complex (presumably wet AC-I) were equilibrated 
at  25" with an aqueous solution in which the water activity was 
0.9 (3). The resulting changes in the samples were followed by 
differential scanning calorimetry as a function of time. 


The appearance, shape, and location of endotherms at  various 
times of equilibration are shown schematically in Fig. 3. As in- 
dicated, all samples exhibited only a single endotherm before 


1 ! A: T:fcAys 


//-//- 
42" 47" 52" 80" 85" 90" 140" 150" 


TEM PER ATU R E  


Figure 3-Srhematic diagram o/ the changes in differential scanning 
calorimetric recording of sainples o f  AC-Ill, AC-11, and wet AC-I as 
a function of the time of equilibration at 25". (See text for further 
discussion. j 
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Figure GDissolurion in water at 25" of acetaminophen (closed 
symbols) and caffeine (open symbols) from tablets of AC-III, AC-II, 
AC-I, caffeine, acetaminophen, and an cqrrimolar mixture of acet- 
aminophen and caffeine ( M ) .  


equilibration. With AC-I11 and AC-I1 the endotherms were quite 
sharp, in contrast with those seen for AC-I. As the time of equilibra- 
tion increased, both AC-I1 and AC-I11 developed additional endo- 
therms corresponding to  more hydrated species. AC-I, on the other 
hand, appeared to lose water as evidenced by: ( a )  the decrease in 
the broadness of the single endotherm, and ( b )  the increase in the 
temperature corresponding to the maximum of the endotherm. 
After 4 weeks of equilibration of AC-I, there were no additional 
changes in the differential scanning calorimetric readings. The 
material which melted at about 50" was analyzed for water content 
by integration of NMR spectra and by loss of weight on drying. 
Both methods showed AC-I to contain six molecules of water as- 
sociated with each mole of complex. 


Thus, the equilibration studies confirmed the fact that the com- 
plexes differ only in degree of hydration and, furthermore, that all 
of the species are in equilibrium. In addition, the presence of only 
three distinct endotherms suggested that the anhydrous, monohy- 
drate, and hexahydrate species are the only species involved in the 
equilibrium. 


Similar changes in the melting point of the acetaminophen- 
theophylline complex with drying were observed. The initially 
isolated crystalline material melted at  about 55". After air drying 
for 24-48 hr., it exhibited a melting point of about 130". Complete 
drying in a vacuum oven resulted in a solid which melted at  192- 
195". This high melting solid was found to be anhydrous. However, 
no attempt was made to determine the composition with respect 
to water of the other, lower melting, acetaminophen-theophylline 
complexes. 


Since acetaminophen does complex with both caffeine and theo- 
phylline, the effects of the complexation on the dissolution rate of 
each compound were investigated. These dissolution studies were 
carried out at 25" in water as described in the Experimental sec- 
tion. The initial dissolution rates obtained for acetaminophen, 
caffeine, and theophylline from various systems are summarized in 
Table 111. The dissolution curves for each system were followed for 
periods of times during which at  least 3 0 z  of the material in the 
tablet had dissolved. 


Figure 4 shows the dissolution curves obtained for tablets of 
AC-I, AC-11, AC-111, and an equimolar mixture of acetaminophen 


2 MINUTES 4 .  6 8 10 


Figure 5-Dissolution in water at 25" of acetaminophert (closed 
symbols) and theophylline (open symbols) .from tablets of anhydrous 
theophylline (T) ,  an anhydrous theophylline-acetaminophen com- 
plex (TAC), and an eqrrimolar physical mixture o f  acetaminophen 
and theoph yNine (TAM). 


and caffeine prepared by evaporation of a methanolic solution of 
acetaminophen and anhydrouscaffeine. In all cases whereacetamino- 
phen and caffeine were present in equimolar amounts, the rate of 
dissolution of both species occurred at  about the same rate t o  
within 2 ~ 5 % .  For this reason the solid curves in Fig. 4 were drawn 
to approximate the dissolution behavior of both species from a given 
tablet. 


Inspection of the dissolution curves in Fig. 4 and the initial dis- 
solution rates in Table 111 shows that the rate of release of acet- 
aminophen and caffeine was greatest from the equimolar mixture 
prepared by precipitation from methanol solution. Although it was 
anticipated that the anhydrous complex would dissolve more 
rapidly than either acetaminophen or caffeine alone, it was rather 
surprising that the equimolar mixture of acetaminophen and caffeine 
dissolved at  a rate about 70z greater than that for the anhydrous 
complex. The reason for these results is not clear. It was felt that the 
equimolar mixture prepared by precipitation may have been a 
more energetic solid than would be obtained with a simple physical 
mixture. To determine if similar results could be obtained from 
a true physical mixture, equimolar quantities of acetaminophen and 
caffeine were powdered and intimately mixed. The resulting mix- 
ture was compressed into tablets and an attempt was made to  deter- 
mine the dissolution rates. These attempts were not successful since 
the tablets almost immediately began to  disintegrate when placed in 
the dissolution medium. Because of the changes in surface area as- 
sociated with disintegration, the dissolution rates obtained could 
not be compared with those obtained for the other system where the 
tablet remained intact. 


An additional unexpected result was the greater dissolution rate 
of AC-I1 relative to AC-111. Related work on hydrated and an- 
hydrous systems showed the solubility and dissolution rate of the 
anhydrous solid to  be greater than the hydrated form at 25" (6 ,  7). 


It seems reasonable in the present case that the dissolution rates 
obtained reflect the relative solubilites of AC-I1 and AC-I11 in water 
at  25". Thus, by using the initial dissolution rate together with the 
heats of solution of AC-I1 and AC-111, which were ca1or:metrically 
determined3 to be about 10.1 and 6.5 kcal./mole, respectively, a 
transition temperature of about 20" was calculated. Thus, at  tem- 
peratures of less than about 20°, the dissolution rate of AC-I11 would 
be expected to be greater than the dissolution rate of AC-11. 


3These values were determined (at 25")  in these laboratories by S.  
Lindenbaum. A solution batch calorimeter was used. 
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Although the results shown in Fig. 2 and Table IV clearly show 
that the presence of caffeine and acetaminophen in equimolar 
amounts has a significant effect on the dissolution rate of acet- 
aminophen (and caffeine), they still left some question as to whether 
or not the presence of smaller ratios of caffeine to acetaminophen, 
such as are found in many commercial analgesic preparations (Z), 
would have any significant physical effects on the release of acet- 
aminophen from such tablets. Therefore, tablets containing one part 
anhydrous caffeine (30 mg.) and 10 parts acetaminophen (300 mg.) 
were prepared. The dissolution behavior of such tablets was then 
compared to  pure acetaminophen tablets (300 mg.). The tablets 
containing the mixture began to disintegrate within 2 min. and dis- 
solved completely within 50 niin. The pure acetaminophen tablets, 
on the other hand, dissolved without disintegration and required 
more than 100 min. for complete dissolution. 


Whether or not these results can be extrapolated to  commercial 
tablets that contain various additives such as binders and diluents is 
doubtful. However the results do  suggest that caffeine has a sub- 
stantial effect on the release of acetaminophen from tablets. There- 
fore, in any formulation attempts or changes, the possible effects of 
the presence of caffeine in such a system should be considered. 


The dissolution rates of theophylline and acetaminophen from 
various systems are shown in Fig. 5. It is obvious that in these sys- 
tems the dissolution rates of acetaminophen and theophylline from 
the same tablet are not as similar as in the acetaminophen-caffeine 
systems. Furthermore, there is no significant difference between the 
anhydrous complex and the equimolar physical mixture which, in 
this case, was prepared by blending of powders. The initial rate of 
dissolution for theophylline from the physical mixture and the pure 
theophylline tablet should be noted. The theophylline dissolves 
approximately 100% faster from the physical mixture than from 
pure theophylline tablets. This increase in dissolution rate, together 
with the neutral t o  slightly acid pH of the resulting solution, sug- 
gests that the anhydrous complex may have some utility in the 
formulation of more rapidly dissolving oral dosage forms of theo- 


DRUG S T A N D A R D S  


phylline which could replace, in some cases, the highly alkaline 
theophylline salts presently employed. 
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Desorption of Belladonna Alkaloids from 
Antacids for Analysis 


V. DAS GUPTA’ and K. L. EULER 


Abstract The desorption of belladonna alkaloids from antacids method for the analysis. 
for analysis was investigated. The antacids studied were dried 
aluminum hydroxide gel, calcium carbonate, magnesium carbonate, Keyphrases 0 Belladonna alkaloids-desorption from antacids for 
magnesium oxide, and magnesium trisilicate. It appears that the analysis 0 Desorption, belladonna alkaloids-from antacids, 
alkaloids are strongly adsorbed only on the surface of magnesium analysis [7 Antacids-adsorption of bel1:tdonna alkaloids, desorp- 
trisilicate. The complete desorption of alkaloids requires boiling the tion for analysis 0 Magnesium trisilicate-adsorption of belladonna 
complex with concentrated hydrochloric acid and then using a dye alkaloids, desorption for analysis 


The pharmaceutical industry is marketing some vestigations, I-hyoscyamine was found to be strongly 
adsorbed onto the surface of one or more of the in- 
gredients. An effective method was required to desorb 
the alkaloids for analysis. The purpose of this paper is 
to report the details of these investigations. 


liquid antacid preparations in combination with bella- 
donna alkaloids. One typical product of this nature was 
brought to the authors’ notice for the development of 
an assay procedure for I-hyoscyamine. During the in- 
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stretching band could not be located and was presumably sub- 
merged in the large C-H stretching band.) 


If the proposed structure for the complex is correct, it follows 
that methylation of either the -NH or -OH group (or both) of 
acetaminophen should prevent complexation with antipyrine. This 
was shown to be the case by melting-point determinations; neither 
congruently nor incongruently melting complexes were formed by 
the methylated derivatives of acetaminophen with antipyrine 
(Table 11). The literature reports of lack of complexation between 
antipyrine and acetanilide or phenacetin (pethoxyacetanilide) 
were also confirmed. 


It is perhaps surprising that since phenol forms a complex with 
antipyrine (4), phydroxy-N-methylacetanilide does not. The reason 
for this, which could be confirmed unequivocally only by X-ray 
crystallography, probably lies in the bulky nature of the acetamido 
group forcing a different crystal structure on the complex with anti- 
pyrine. Thus, phydroxy-N-methylacetanilide, because of its lack 
of a -NH group, is unable to complex in the way acetaminophen 
does; and by virtue of its steric properties, it cannot complex like 
phenol. 
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Oral Absorption of I4C-Labeled Mepenzolate 
Bromide in Humans 


HARRIS L. FRIEDMAN*. and RICHARD I. H. WANGt 


Abstract In a pilot study, a single oral dose of 25 or 30 mg. of 
mepenzolate bromide containing approximately 24 pc. of 14C was 
given to each of four human volunteers and elimination of 14C was 
followed in urine and feces for 4 o r  5 days. From either a solid 
(capsule) or liquid dosage form, an average of 14% was eliminated 
in the urine (capsule: 7.&20.2x, liquid: 3.1-21.1 z), indicative of 
substantial oral absorption for an onium compound. 


Keyphrases 0 Mepenzolate bromide, radiolabeled-ral absorp- 
tion, humans Absorption, oral-radiolabeled mepenzolate 
bromide, humans 0 Radiolabeling-preparation of I4C-mepenzo- 
late bromide 


It is well known that, as a generality, highly ionized 
organic compounds are not well absorbed following oral 
administration (l), and this appears true for some qua- 
ternary ammonium spasmolytic agents (2-4). 


Mepenzolate bromide' (3-hydroxy-1, l-dimethylpi- 
peridinium bromide benzilate), a potent postganglionic 
parasympathetic inhibitor (5 ) ,  was reported (6) to be 
clinically useful in the treatment of motility disorders of 
the small and large bowels. Since no data have been 
reported on the oral absorption of this agent in humans, 
the present pilot study was undertaken to determine the 


1 Cantil, Lakeside Laboratories, Milwaukee, Wis. 


absorption of a single oral dose as determined by excre- 
tion of in the urine. The assumption was made that 
little, if any, hydrolysis would occur in the intestinal 
tract. For this purpose, the compound was synthesized 
with a l'C-label in one of the methyl groups. An addi- 
tional objective was to compare the degree of absorp- 
tion of the compound in solid dosage form (capsule) 
with that of a liquid solution formulation. 


EXPERIMENTAL 


Preparation of 14C-Mepenzolate Bromide--N-Methy1-3-piperidyl 
benzylate, a commercial intermediate2, was purified from water- 
insoluble material by solution in dilute hydrochloric acid, filtration 
with charcoal, and precipitation with dilute ammonium hydroxide. 
The solid was crystallized from hexane to form lustrous white 
crystals, m.p. 99-100". Trial reactions of this tertiary amine with 
methyl bromide in acetone indicated almost quantitative formation 
of the insoluble onium salt in approximately 5 days at  room tem- 
perature, m.p. 229-230" uncorr. [lit. (7) m.p. 234-236"). Adequate 
pure tertiary amine was allowed to  react in acetone with freshly 
prepared 1Gmethyl bromide3. The labeled product melted at 230- 
231 O uncorr. and gave an IR spectrum identical to that of authentic 
cold material. Specific activity was 4.87 pc./mg. TLC [n-butyl al- 


2 Supplied by Dr. Claude Judd, Lakeside Laboratories, Milwaukee. 


9 This reaction was carried out by Mallinckrodt-Nuclear. St. Louis, 
Wis. 


Mo., since 1C-methyl bromide is prepared only on special order. 
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Table I-Cumulative Total I4C Excretion Data, 
Urine Plus Feces, in Percent 


0.20-ml. aliquot of each day’s urine was used for measurement, 
Feces were homogenized with water; a 100-3Wmg. aliquot was 
combusted in a modified Griffiths-Mallinson (8) apparatus, and 


Vol- ---Capsule- -- Liquid- the trapped ~ ~ C O Z  was counted*. Plasma aliquots were treated as 
unteer Day Urine Feces Total Urine Feces Total urine, except for a few samples which were additionally combusted 


and measured as 14CG. 
1 1 


2 
3 
4 
5 


2 1 
2 
3 
4 
5 


3 1 
2 
3 
4 
5 


4 1 
2 
3 
4 
5 


5 1 
2 
3 
4 
5 


6 1 
2 
3 
4 
5 


Average Day 1 
Urinary Total 


14c 


11.0 
13.6 
1 5 . 5  
17.2 


15 .0  
18.7 
19.6 
20.2 


4.8 
6 . 0  
6 . 5  
7 .0  


- 


- 


- 


10.2 
12.7 
14.6 
14.7 
- 


10.3 
14.8 


14.4 
46.7 
46.7 
55.3 
57.6 
0.1 


43.0 
56.5 
59.3 
59.3 
0.0 


52.1 
52.1 
59.9 
60.0 


- 
50.5 
50.5 
50.5 
52.5 


25.4 
60.3 
62.3 
72.5 
74.8 
1 5 . 1  
61.7 
76.1 
79.5 
79.5 
4 . 9  


58.1 
58.6 
66.9 
67 .O 


10.2 
63.1 
65.1 
65.2 
67.2 


15.9 
18.6 
21.9 
24.1 
25.1 
2 . 2  
2.8 
3 . 1  
3 . 1  
3 . 1  


4 .7  
5 .6  
5 .9  
6.3 
6 . 4  


16.6 
20.3 
21.4 
21.9 
22.2 


9 .9  
14.2 


- 
0 . 5  


58.2 - 
- 


45.8 
49.8 
50.6 
50.7 
50.7 


56.2 
93.5 
94.9 
95.8 
96.0 


0.1 
83.3 
83.6 
84. I 
84.2 


15.9 
19.1 
80.1 
82.3 
8 3 . 3  
47.9 
52.6 
53.7 
5 3 . 8  
53.9 


60.9 
99.0 


100.9 
102.0 
103.3 


16.7 
103.6 
104.9 
106.0 
106.3 


coholacetic acid-water (4:1:5) v/v/v] on an EK-6060 silica gel 
plate showed only a single peak when scanned4 for radioactivity. 


Preparation of Dosage Forms-Capsules-Into each of four 
capsules there was weighed approximately 5.0 mg. of 14C-mepenzo- 
late bromide (5.08, 5.04, 5.09, and 5.12 mg.), followed by 20.0 mg. 
of cold mepenzolate bromide. 


Liquid-To 25.0 ml. of a liquid formulation containing 125.0 mg. 
of cold mepenzolate bromide6, there was added 25.0 mg. of 14C- 
mepenzolate bromide to give a solution containing a total of 30.0 
mg./5 rnl. 


Medication-Capsules-Four healthy, consenting adult males re- 
ceived one capsule each in the morning under medical supervision 
(observed for 4 hr. after medication). Total urinary output was 
collected for the next 4 days (urines were pooled each day), and total 
feces were collected for 5 days. Plasma samples were drawn at  
0, 2, 4, 8, 24, and 48 hr. 


Liquid-This portion was performed 4 months after the capsule 
study. Two of the volunteers were the same. Each of the four con- 
senting adult healthy males drank a solution prepared from 5.0 ml. 
of the liquid preparation dissolved in 100 ml. of water plus several 
washings to ensure complete transfer. Total urinary and fecal out- 
puts were collected for the next 5 days(urines were pooled each day). 


Measurement of Radioactivity-A toluene-based fluid was used for 
counting in a liquid scintillation counters. All values were corrected 
for quenching by way of external standard channel ratios based on a 
series of previously prepared quenched samples. Duplicate count- 
ing of the 14C-mepenzolate and of some of the urine and plasma 
samples was done in a separate instrument’ with good agreement. A 


An Actigraph 111. Nuclear Chicago, radiochromatogram scanner 
was used. 


6 The liquid formulation was a commercial preparation from Lake- 
side Laboratories. Milwaukee. Wis.. and contained flavors, ureserva- 
tives, color, etc. 


6 Beckman model LS-250, courtesy of Dr. J. Hill, Lakeside Labora- 
tories, Milwaukee, Wis. 


7 Packard Tri-Carb scintillation spectrometer, model 33 10, courtesy 
of ,Dr. Deane Calvert, Department of Pharmacology, Medical College of 
Wisconsin. 


RESULTS AND DISCUSSION 


Before studies were performed in humans, “C-mepenzolate 
bromide from the same batch used in the human study was supplied 
for a study in rats and dogs. The report of the results of these studies9 
showed that no radioactivity remained in the carcasses of rats 14 
days after a single oral dose of 4-5 mg./kg. of 14C-mepenzolate 
bromide; essentially 100% of the radioactivity was accounted for 
in the total of urine and feces collected during the period. A single 
oral dose of 1.5-2.0 mg./kg. to dogs indicated approximately 20% 
excretion of 14C in the urine (7 days of collection). As will be seen, 
this approximated the highest human values for urinary 14C ex- 
cretion. 


The results in humans are summarized in Table I. Two volunteers 
were common to both studies. Total urinary 14C excretion following 
ingestion of the capsules ranged from 7.0 to 20.2% (average 14.8%) 
and from 3.1 to 21.1 % (average 14.2%) for the liquid. 


Total recovery of radioactivity in urine plus feces varied from ap- 
proximately 100% (two individuals) to  54 and 67% (three indi- 
viduals), with the other three values between these. In spite of great 
care (professed by the volunteers), it is impossible to know if total 
collection of urine and feces were always achieved. 


The data of the table indicate that the majority of l4C excretion 
occurs in the first 24 hr. after ingestion; however, excretion during 
the 2nd day is appreciable and small amounts are evident after 4 or 
5 days. Counts obtained from plasma samples were too close to 
background values to  be meaningful and are not reported; a similar 
result was reported for plasma values in a study with radioactive 
butylscopolammonium bromide (9). 


The data of this report are indicative of similar oral absorption 
of 14C for the capsule or liquid dosage form and for higher oral 
absorption than that reported for anisotropine methylbromide or 
propantheline bromide (2, 3) if the assumption is made that the 
14C excretion represents mepenzolate bromide absorbed. The data 
additionally suggest that further clinical evaluation should be 
performed with multiple doses of mepenzolate bromide; since 
mepenzolate bromide is 25-50% as potent as atropine (7) as a 
spasmolytic agentlo, it is conceivable, based on the absorption 
data, that with the recommended clinical dose (25 or 50 mg. t.i.d.) 
adequate amounts for good pharmacological action will be made 
available. Information on metabolism, however, is necessary to 
clarify this point, because the present study may not evaluate the 
intact mepenzolate bromide molecule. 
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A Phytochemical Investigation of 
Yucca schottii (Liliaceae) 


R. C. BACKER, E. BIANCHI, and J. R. COLE’ 


Abstract 0 The saponin-containing fraction of the leaves of Yucca 
schottii Engelm. (Liliaceae) has been shown to possess anti-inflam- 
matory properties against carrageenin-induced edema in rats. By 
means of silica gel G dry column and thin-layer chromatographic 
techniques, a separation of the saponins present as the acetates was 
accomplished. Six of the saponins showed the presence of yuccagenin 
as their aglycone and galactose as the sugar moiety. The other sapo- 
nin contained kammogenin as its aglycone and 2-deoxyribose as the 
sugar moiety. A preparative isolation procedure was developed for 
the saponin which contained kammogenin as its aglycone. It was 
shown to contain 5 units of 2-deoxyribose attached to the 3-position 
of the aglycone. 


Keyphrases 0 Yucca schottii (Li1iaceae)-phytochemical investiga- 
tion, saponin fraction constituents, potential anti-inflammatory 
agents 0 Saponins-from Yucca schottii leaves, separation, poten- 
tial anti-inflammatory agents Anti-inflammatory properties- 
constituents of leaves of Yucca schottii Medicinal plants- Yucca 
schottii leaves, constituents, anti-inflammatory properties 


In a continuing search for the anti-inflammatory sub- 
stances from plant sources, the saponin-containing frac- 
tion of the leaves of Yucca schottii Engelm. (Liliaceae) 
has shown activity in a preliminary screen utilizing a 
procedure (1) involving carrageenin-induced edema in 
rats. The plant’ material used for this investigation was 
collected in Pima County, Ariz., during May 1967. 


A preliminary examination of the n-butanol extract 
revealed the presence of saponins. The partial resolution 
of seven detectable saponins as their acetates was ef- 
fected utilizing a modified dry column chromatographic 
separation (2). Further purification of the saponin ace- 
tates obtained from the column was achieved using TLC. 
The saponins were then regenerated by alkaline hydrol- 
ysis of the respective acetates. 


Each of the seven saponins was acid hydrolyzed into 
its aglycone and sugar moiety. The aglycone of saponins 
I-V and VII was identified as yuccagenin. The sugar 
moiety associated with each saponin was identified as 


Identification confirmed by Robert J. Barr, College of Pharmacy, 
and Dr. Charles Mason, Botany Department, University of Arizona, 
Tucson, Ariz. A reference specimen was also deposited in the University 
of Arizona Herbarium. 


galactose by means of TLC and GLC of the trimethyl- 
silyl ethers. Saponin VI showed a ketone group as 
indicated by the IR spectrum. Its aglycone was identi- 
fied as kammogenin. The sugar moiety associated with 
it was identified as  2-deoxyribose. 


Saponin acetate VI was separated from the other 
acetates by means of Girard’s reagent “T” (3). The 
Girard derivative was acid treated, followed by alkaline 
hydrolysis to yield saponin VI. An elemental analysis2 
indicated that saponin VI contained 5 moles of 2-deoxy- 
ribose and its molecular weight was 1025, corresponding 
to the molecular formula C6aHso020. Methylation of 
saponin VI and subsequent acid hydrolysis yielded 2- 
methoxykammogenin. The glycosidic linkage occurs a t  
the 3-position of kammogenin, as shown by the keto- 
derivative which was obtained by means of an Oppen- 
auer oxidation (4, 5 )  and also by K.illiani oxidation and 
isomerization (6) .  


EXPERIMENTAL3 


Extraction-Five kilograms of the dried leaves of Y.  schottii was 
macerated with approximately 4 1. of hot distilled water for 3 hr. 
The aqueous extract was filtered and evaporated to approximately 
25% its volume. The marc was discarded. The aqueous extract was 
then exhaustively extracted with n-butanol. The butanol extract was 
washed with water saturated with butanol until the Benedict 
reagent test for reducing sugars was negative. The butanol extract 
was evaporated in uucuo until completely dry; 180 g. of essentially 
pure sugar-free saponins were obtained. The yield was 3.6% from 
the dried plant. 


TLC analysis of portions of the saponin-containing extract was 
performed by allowing the lower phase of a chloroform-methanol- 
water (65:25: 10) mixture (7) to ascend, for 24 hr., plates of silica gel 
G4, with a piece of Whatman No. 1 paper attached to their top and 
folded over their backs in order to extend the development time of 


2 Carbon and hydrogen determinations performed by Huffman Lab- 
oratories Inc., Wheatridge, Colo. 


3 Melting points were determined on a Kofler hot-stage apparatus 
and are uncorrected. TLC was carried out on unactivated silica gel G with 
a stationary phase thickness of 0.3 mm. UV spectra were determined in 
ethanol using a Beckman DB spectrophotometer. IR spectra were run 
using KBr pellets on  a Perkin-Elmer infracord model 137. Mass spectra 
were obtained from a Hitachi Perkin-Elmer double-focusing spectrom- 
eter, model RMU-6e. GLC analyses were carried out on a Perkin-Elmer 
gas chromatograph model 880, using 2.5 % SE-30 as  stationary phase. 


1 Merck. 
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that in comparison with In, Ib and Ie showed more potential in 
abolishing aconitine-induced arrhythmias, since Ia was found to be 
completely inactive in this respect (1). 


The carbonyl absorption bands of the 4-nitro-N-[2-(substituted 
amino)ethyl]-2,6-dimethylbenzamides and their amino analogs ap- 
peared in the IR spectra in the lower 1620-163S-~m.-~ region (Ta- 
bles I and II), which was somewhat lower than expected for a 
secondary amide. It was suspected that the shift in frequency was 
due to the existence in the compounds of an intramolecular hydro- 
gen bonding between the terminal tertiary nitrogen and the amide 
hydrogen atom. This postulation appeared to gain support from 
the fact that in the IR spectra of the hydrochloride salt of 4-nitro- 
N-(2-morpholinoethyl)-2,6-dimethylbenzamide and of 4-nitro-N- 
[2-(4-phenyl-1-piperazino)ethyl]-2,6-dimethylbenzamide, the car- 
bony1 absorption bands occurred in the vicinity of 1660 cm.-1, a 
region normally assigned for secondary amide carbonyl absorption. 
Due to the hygroscopic nature of the hydrochloride salts of Ib-Ie, 
i t  was not possible to prepare these compounds for IR studies. 
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Effect of Environmental Conditions and Polymer 
Ratio on Water Vapor Transmission through Free 
Plasticized Cellulose Films 


CHARLES W. WOODRUFF*, GARNET E. PECK, and GILBERT S. BANKER' 


Abstract 0 Experiments were conducted to evaluate the effects 
of changes in the polymer ratio and environmental conditions on 
the water vapor transmission properties of plasticized films con- 
taining combinations of hydroxypropyl methylcellulose and ethyl- 
cellulose. Rates of water vapor transmission were calculated from 
a formula based on Fick's first law of diffusion. Inverse relationships 
were observed between the rate of water vapor transmission and 
film thickness for all films studied. In these plasticized systems, the 
polymer ratio of hydroxypropyl methylcellulose to ethylcellulose 
produced essentially no difference in the water vapor transmission 
properties from one film composition to another. Films subjected to 
a water vapor environment at  both film surfaces were more per- 
meable to water vapor than films subjected to a water vapor en- 
vironment at  only one surface. In the thickness range studied, films 


subjected to 40 and 50" conditions had lower rates of water vapor 
transmission than those studied at 30". The findings of this study 
demonstrated the presence of another mechanism of vapor trans- 
mission, in addition to diffusion, that is apparently related to the 
hydrophilic character of the film. 


Keyphrases 0 Cellulose films, plasticized-effects of environment 
and hydroxypropyl methylcellulose-ethylcellulose ratio on water 
vapor transmission 0 Transmission (water vapor) through plas- 
ticized cellulose films-effects of environment and hydroxypropyl 
methylcellulose-eth ylcellulose ratio 0 Films, plasticized cellulose 
-effects of environment and hydroxypropyl methylcellulose- 
ethylcellulose ratio on water vapor transmission 0 Permeation of 
water vapor through plasticized cellulose films-effects of environ- 
ment and hydroxypropyl methylcellulose-ethylcellulose ratio 


All polymer membranes possess the ability to transmit 
liquids, gases, and vapors, a property termed permea- 
tion. This property is an important parameter in deter- 
mining the potential or actual usefulness of polymeric 
materials in many pharmaceutical applications. In re- 
cent years the pharmaceutical industry has increasingly 
utilized synthetic, polymeric, film-forming materials as 
specialized coatings for drug particles and dosage 
forms, as packaging materials, as topical films and 
bandage components, as dialysis membranes and 
filters, and for many other purposes. With the rapid 


increase in the use of polymers for pharmaceutical 
purposes, a corresponding growth of scientific studies 
concerning the properties of these materials has become 
increasingly important. 


The rate of permeation through films or membranes is 
highly dependent upon the barrier's nature. Polymeric, 
film-forming materials with low moisture permeability 
are said to possess five main characteristics (1): (a)  a 
saturated or nearly saturated carbon chain, (6) a mini- 
mum of chain branching, (c) a high degree of lateral 
symmetry, (d)  a fair degree of longitudinal symmetry, 
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Table I-Experimental Environmental Conditions Employed for Water Vapor Transmission Studies 


Water Vapor 
Pressure 


Condition Temperature Vapor Pressure" Solution Vapor Pressure" Solution (AV.P.) 
Internal Water Internal Saturated External Water External Saturated Difference* 


A 
B 
C 
D 
E 


50 
40 O 


40 O 


30 O 


30 ' 


68.3 
36.9 
25.0 
31.8 
23.8 


NaCl 
KI 
CrO, 
HzO 
NaCl 


0 .0  
12.6 
0.0 
8 . 9  
0.0 


68.3 
24.3 
25.0 
22.9 
23.8 


~ ~ 


Water vapor pressure expressed in mm. Hg. * Water vapor pressure gradient across the barrier in mm. Hg. 


and (e )  a very high proportion of relatively small, non- 
hydrophilic substituents. 


According to Lebovitz (2), a polymeric material must 
fulfill two conditions to be a good barrier: (a) the 
structure must interfere with the ease of the diffusion 
process, and (b) the polymer must not possess chain 
structures similar to the permeant molecules. It has 
been shown that crystalline structures interfere with 
gas or vapor permeation (3-5). 


One method of reducing drug instability in solid 
dosage forms has been to coat the product with poly- 
meric materials to prevent the access of moisture or air 
or both. Some of the first pharmaceutical research con- 
cerning the permeation of polymer films was carried out 
by Higuchi and Aguiar (6) ,  who studied the permeabil- 
ity of water vapor through enteric-coating materials. 
Their experiments showed that the amount of water 
vapor transmitted through a film was dependent upon 
the polarity of the polymeric compounds, with the 
more polar films having a greater rate of water vapor 
permeation. The polarity of plasticizers employed in 
polymeric films was found by Munden et al. (7) to 
affect water vapor transmission properties directly. An 
inverse exponential relationship between the film thick- 
ness and the rate of water vapor transmission was 
demonstrated for free films of hydrophilic, lipophilic, 
and combined hydrophilic-lipophilic character (8) and 
the relationship was found to be more nearly Fickian 
with less hydrophilic film compositions. Therefore, 
when a highly polar molecule, such as water vapor, is 
transmitted through a membrane, the amount of trans- 
fer could be expected to be an indication of the hydro- 
philicity of the membrane material. In a recent study, 
the water vapor transmission through free polymer 
films was correlated to the water vapor transmission 
through applied films of the same substances (9). 


This research was conducted to evaluate the effects of 
changes in the polymer ratio or environmental condi- 
tions on the water vapor transmission properties of 
hydrophilic, plasticized, free film systems containing 
combinations of hydroxypropyl methylcellulose and 
et hylcellulose. 


EXPERIMENTAL 


Preparation of Free Film Samples-The free films were produced 
from solutions containing various combinations of a methyl hy- 
droxypropyl ether of cellulose1 and an ethyl ether of cellulose* in 


~~ ~~~ ~ ~ 


1 Methocel 60HG 50 cps., Dow Chemical Co., Midland, Mich. 
2 Ethocel 50 cps., Dow Chemical Co., Midland, Mich. 


ratios of 19:1, 3:1, l : l ,  and 1:3, plasticized with 20% w/w, on a 
film weight basis, of propylene glycol. An organic solvent system 
consisting of 40 parts (by volume) methylene chloride, 30 parts 
methanol. and 30 parts isopropanol was. used to prepare all poly- 
mer-plasticizer solutions. Films were cast on an aluminum foil 
substrate a t  ambient conditions (25-29":l. Dry films were removed 
from the foil 12 hr. after pouring and were stored for 6-7 days over 
desiccant material in vacuum to effect complete dryness. 


Determination of Film Thickness-Film thickness was calculated 
from the film density and the weight of a known film area. The 
density of the films produced from a given formulation was deter- 
mined by a weight loss method in a nonsolvent, mhexane. 


Apparatus-The water vapor transmission cell and controlled 
temperature and humidity chamber previously described by Banker 
et a/. (9) were used in these studies. The transmission cell had a 
capacity of approximately 23 ml., containing 5 ml. of a saturated 
water vapor pressure maintaining solution. The desired humidity 
in the chamber was maintained by anhydrous calcium sulfate or  a 
saturated solution of potassium fluoride dihydrate. The experi- 
mental conditions are summarized in Table I. 


Determination of Water Vapor Transmission-The assembled 
transmission cell, containing the film sample and the water vapor 
pressure maintaining solution, was placed inside the chamber and 
immediately weighed on an  analytical balance located inside the 
chamber. The cell was reweighed at various time intervals over a t  
least 72 hr. The amount of moisture transmitted through the mem- 
brane was given by the loss of weight of the assembled cell. 


RESULTS AND DISCUSSION 


General Water Vapor Transmission Properties-The amount of 
water vapor transmitted across a polymer membrane is influenced 
by several variables. Four of these variables were studied in this 
work: (a) polymer-polymer ratio, (b)  water vapor pressure gradient, 
(c) temperature, and (d )  film thickness. 


The rate of water vapor transmission, Rw, was calculated by 
dividing the amount of moisture crossing the film (in g./hr.) by the 
product of the exposed surface area (in m . 2 )  and the water vapor 
pressure differential across the film (in mm. Hg). Therefore, Rwvt is 
expressed in units of g. cm.? mm. Hg-I hr.-I and is defined as the 
amount of moisture transmitted per unit time through a barrier of 
unit area subjected to a vapor pressure differential of unity. 


A linear relationship between the logarithm of RUIL.t and the 
logarithm of film thickness would be expected to  exist; and if 
Fickian diffusion was solely responsible for the water vapor trans- 
mission, the slope of such a line would be .- 1 (10). 


A linear relationship between the logarithms of R,,r and film 
thickness was observed for all film formulations. However, the 
slope of the lines obtained indicated tha.t more water vapor was 
passing through the barrier than Fickiarl diffusion would predict. 
This relationship is consistent with that found by Banker et 01. (8) 
and can be expressed as a power function: 


R,,t = clTml (Eq. 1) 


where R,,t is as described earlier, T is the film thickness in centi- 
meters, c1 is the Y-intercept in water vapor transmission units, and 
ml is the slope of the line. Deviation from this relationship indicates 
that the film is not acting as a simple porous barrier, the vapor 
pressure differential providing the only driving force for permeation. 
Such deviations result when a facilitated diffusional transport 
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Figure 1--Relationship between Rv,t  aridfilm thickness at 40" as a 
function of the water vapor ericironment(s) on each side of' the film. 
Key: A, Condition E; and 0, Condition C .  


LOG THICKNESS + 3  


Figure 3-Relationship between R,,,t arid f i lm thickness at 30 and 
40" with water vapor environment on both sides of the film. Key: A, 
Condition D; and 0, Conditiori E. 


exists, which in hydrophilic films may be attributed to  associations 
between the water molecules and the polar functional groups on the 
polymer chain. 


All films exhibited a water vapor transmission pattern in which 
the quantity of water vapor transmitted at any time was decreased by 
increasing film thickness, and linear relationships were observed 
between the amount of vapor transmitted and time for any film 
thickness. 


Effect of Polymer Ratio in Plasticized Films--Films prepared 
from four different combinations of hydroxypropyl methylcellulose 
and ethylcellulose, plasticized with propylene glycol, were studied at  
Experimental Condition E of Table I. The results of this study in- 
dicated that the changes in the polymer-polymer ratio produced 
essentially no difference in the water vapor transmission properties 
of the films. A single line, with a slope of -0 .375  and a Y-intercept 
of 1.14, can represent the log R W m I  + 5  versus log thickness + 3  
graphical relationship for all four polymer combinations. In fairly 
hydrophilic membranes, such as those obtained from cellulose 
polymers, it can be postulated that departure from Fickian dif- 
fusion may be caused by hydrogen bonding between the hydroxyl 
groups present in the film and the permeant water vapor molecules. 
The water molecules would then transfer from one polar site to 
another across the barrier from the proximal to the distal surface. 
This "site exchange" mechanism would provide an additional 
pathway for water molecules to cross the barrier, in addition to the 
diffusion process, and thus add to Fickian diffusion. In addition, 
the associated water could produce partial hydration of the film 
with resultant dilation and swelling, particularly at  the proximal 
film surface exposed to the high water vapor pressure environment. 
Such dilation and swelling would increase film porosity, if not 


I 
LOG THICKNESS + 3  


Figure 2-Relationship between R,,r aridfilm thickness at 30" as a 
.liinctioii of' the water vapor encirorimeirt(s) on each side of the j i lm.  
Key: 0, Condition D; arid A, Condition E. 


throughout the film cross section equally, at  least a t  the moisture- 
rich surface. Even though the film porosity at  the distal film sur- 
face might not be substantially affected, if substantial dilation 
occurred a t  the proximal surface, the effect would be similar to 
reducing the effective film thickness, relative to the original film 
porosity or to that remaining a t  the distal surface. This effect could 
exist in addition to a siteexchange-facilitated transport. 


In these experiments, it appeared that the hydrophilic effect of 
the plasticizer, which contained two hydroxyl groups per molecule, 
overshadowed small differences in hydrophilicity caused by chang- 
ing the ratio of the polymers. Calculations based on the weight 
average molecular weight of the polymers support this hypothesis 
and show that in the 19:l polymer ratio the plasticizer contributed 
5 8 z  of the free hydroxyl groups in the film; in the I : 3 ratio, 69% of 
the free hydroxyl groups of the film was contributed by the plas- 
ticizer. Furthermore, in other studies, fairly large differences in the 
ratio of hydroxypropyl methylcellulose to ethylcellulose in plasti- 
cized film samples were found to produce minimal differences in the 
drug permeation rates through the films or in film solubility ( I  I ) .  


Effect of Water Vapor Pressure Gradients-The effect of changing 
the water vapor pressure environment was studied a t  the 30 and 40" 
conditions shown in Table I. The 3 : l  polymer ratio was used for 
this portion of the work, and 20% propylene glycol was included 
as a plasticizer. 


The effect of placing film samples in an environment where 
there is a water vapor pressure at  both surfaces of the barrier 
(Conditions B and D) as compared to placing the film samples in an 
environment having water vapor at only one surface (Conditions C 
and E), but with a nearly equivalent vapor pressure differential, is 
clearly shown in Figs. I and 2. At both 30 and 40", films having 
water vapor present at  both surfaces had greater rates of water 
vapor transmission over the thickness range studied in comparison 
to the films with a water vapor environment at  only one surface. 
This effect was probably caused by an increased total and more 
uniform cross-sectional swelling of the cellulose polymers exposed 
to water vapor a t  both sides of the film when compared to  those 
with one dry side. The films exposed to  a dry atmosphere on one 
surface may be thought of as having one dry surface in equilibrium 
with the dry atmosphere. The dry surface would not be expected to 
retain appreciable sorbed water or be substantially hydrated or 
swollen. 


In the other case, where both surfaces are in contact with an 
atmosphere containing some water vapor, both film surfaces could 
retain some sorbed water; therefore, both film surfaces would be 
swollen, and the pore size at  the distal surface in films with moisture 
at  both surfaces allows more water vapor to be transmitted across 
the film. Since the slopes of the lines obtained under Conditions B 
and C are similar (Fig. 1 )  and the same can be said for Conditions 
D and E (Fig. 2), there is an indication that the effect may be pri- 
marily controlled by the boundary surface of the film. This being 
the case, the differences in water vapor transmission properties ob- 
served by comparing Conditions B and C or D and E should be es- 
sentially independent of the film thickness ( 1  2). 
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LOG THICKNESS + 3  


Figure &Relationship between RwVt and film thickness LII 30 and 
40" with water capor entiironmen! on one side. Key: H, Cor:di!ion A; 
a, Condition C ;  and A, Condition E.  


Earect of Temperaturewater  vapor transmission studies were 
conducted using the plasticized 3 : 1 polymer ratio at all conditions 
shown in Table I.  These experiments demonstrated that either 
with or without water vapor present at  both surfaces of the film, 
the R,,,  values were greater at  30" than at  40 or 50" (Figs. 3 and 4). 
Figure 4 also indicates that no further changes in water vapor trans- 
mission properties were produced by increasing the temperature 
from 40 to 50". Both figures indicate that water vapor transmission 
was less Fickian at 30" than a t  either of the elevated temperatures 
over the thickness range studied. 


The probable cause of this phenomenon is that the attractive 
forces between the hydroxyl groups in the film and the water mole- 
cules are reduced at the higher temperatures. At the higher tempera- 
tures, a site-exchange phenomenon would be less pronounced and 
simple Fickian diffusion should predominate, which indeed appeared 
to be the case (Figs. 3 and 4). The fact that the slopes ol' the lines 
produced in either graph are not similar to each other shows that 
there is a dependence on the film thickness and, therefore, the in- 
ternal volume of the film. Since the comparative effect is not inde- 
pendent of film thickness, the water vapor transmission is not pri- 
marily controlled by the phase boundary of the film (12). This rela- 
tionship would be consistent with the siteexchange hypothcsis. 


a condition where zero water vapor pressure existed on one side of 
the film, even though the water vapor pressure differential was a p  
proximately the same. 


3. A temperature effect was observed in which the rate of water 
vapor permeation was decreased when the temperature was increased 
from 30 to  40 or 50". 


These results suggest that two factors in addition to  Fickian diffu- 
sion are probably involved in controlling the rate a t  which water 
vapor crosses these fairly hydrophilic polymer membranes. One 
factor is a surface or phase boundary effect and is primarily depen- 
dent upon the amount of swelling of the cellulose film structure a t  
the distal surface of the film. The second factor is an internal effect 
of the film and is probably associzted with the attraction existing 
between the hydroxyl groups in the film and the water molecule. 
This attraction could be responsible for transporting molecules 
across the film by a site-exchange mechanism. 


Results of these experiments could relate to the area of packaging 
when partially hydrophilic barriers are used and indicate that ele- 
vated temperature studies may not accurately reflect occurrences at  
lower temperatures. 
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The results of this study demonstrated the following relarionships: 
1. In these plasticized systems, the polymer ratio of hyilroxypro- 


pyl methylcellulose to ethylcellulose produced essentially no differ- 
ences in the water vapor transmission properties from one film com- 
position to  another. In all cases, the water vapor transmission de- 
creased with an increase in film thickness. 


2. Increased water vapor permeation values were observed when 
moisture was present at  both sides of the barrier in comparison with 
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Application of Salivary Salicylate Data to 
Biopharmaceutical Studies of Salicylates 


GARRY GRAHAM* and MALCOLM ROWLAND’ 


Abstract 0 Concentrations of salicylic acid in saliva and plasma 
were measured in three subjects following the administration of 
650 mg. of aspirin. Concentrations of salicylic acid in saliva were 
proportional to concentrations in plasma, saliva-plasma ratios in 
the three subjects being 0.0293 f 0.0013, 0.0303 f 0.0033, and 
0.0394 f 0.0043. The saliva-plasma ratios were independent of the 
plasma concentrations of salicylic acid observed in this study, the 
maximal concentration being 50 mcg./ml. Measurement of salivary 
concentrations of salicylic acid may be a useful technique in the 
evaluation of different formulations of aspirin or other salicylates. 
In the present study, delayed release of aspirin from enteric-coated 
tablets was demonstrated from the time course of the concentration 
of salicylic acid in saliva. 


Keyphrases 0 Salivary excretion-relationship between salicylic 
acid concentration in saliva and plasma after aspirin administra- 
tion, man 0 Salicylic acid levels after aspirin administration- 
relationship between saliva and plasma concentrations, man 0 
Absorption, aspirin-relationship between salicylic acid concentra- 
tion in saliva and plasma, man 0 Aspirin absorption-relation- 
ship between salicylic acid concentration in saliva and plasma, man 


The secretion of drugs and other foreign compounds 
in saliva is well known. The salivary excretion of weak 
acids such as salicylate (I) ,  sulfonamides (2,3), and bar- 
biturates (3, 4) has been investigated in some detail. 
Killman and Thaysen (2) found that the concentrations 


of several sulfonamides in human saliva were propor- 
tional to the concentration of the unbound drug in 
plasma. These observations indicated that measurement 
of concentrations of drugs in consecutive samples of 
saliva may be a useful technique in investigations of the 
kinetics of absorption and elimination of drugs, al- 
though difficulties may arise if the plasma binding char- 
acteristics of the drugs varied significantly during the 
time course of the experiments. 


In the present study, the relationship between the 
concentrations of salicylic acid in saliva and plasma was 
investigated at various times after aspirin administra- 
tion. Furthermore, the measurement of salicylic acid 
levels in serial samples of saliva was examined as a 
technique in the evaluation of aspirin preparations, 
although the different preparations were not evaluated 
thoroughly. The aim of the present work was to de- 
velop a technique that would obviate the need for col- 
lecting blood samples in some biopharmaceutical studies 
with salicylates. All studies were conducted using mixed 
saliva. It was considered that methods of collecting 
saliva should be as simple as possible if measurements of 
salivary levels of salicylic acid were to have practical 
value in the evaluation of different pharmaceutical 
formulations. 
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Figure 1-Concentrations of salicylic acid in saliva and plasma for- 
lowing the administration of 650 mg. aspirin in hard gelatin capsules, 
Subject 1. Key: @,plasma; and m, saliva. 


EXPERIMENTAL 


Three healthy male subjects were used in the study. Aspirin was 
administered in two dosage forms. Hard gelatin capsules containing 
650 mg. aspirin1 were prepared extemporaneously. Enteric-coated 
tablets’, each containing 325 mg. aspirin, were also administered. 
The capsules or tablets were taken with approximately 200 ml. of 
water, 1-3 hr. after breakfast. Food was withheld for a t  least 2 hr. 
after dosage. The subjects were instructed to cleanse their mouths 
after any meal or drink by rinsing with water. Toothpaste could not 
be used, because small amounts of a compound which interfered 
with the salicylic acid assay were left in the mouth. 


Mixed saliva was collected at approximately 1-min. intervals for a 
total of 3 min. at the times listed below. Saliva production was 
stimulated by chewing on a small piece of Teflon. The mixed saliva, 
produced at a rate of 3-8 m1./3 min., was allowed to drain into 20-ml. 
screw-capped vials and frozen until assayed. When taken, blood 
samples were withdrawn at the midpoint time of the saliva collec- 
tion. Simultaneous blood and saliva samples were collected follow- 
ing the administration of aspirin capsules in one test on each of the 
three subjects. In three further studies on each subject, saliva only 
was collected. Aspirin capsules were administered in two of the 
latter tests, while enteric-coated tablets were administered in the 
third. At least 1 week elapsed between the different studies. Follow- 
ing dosage with aspirin capsules, the blood and saliva samples were 
usually taken at  0, 15, 30,45,60,90, and 120 min. and thereafter a t  
approximately hourly intervals for a further 6 8  hr. After the ad- 
ministration of the enteric-coated aspirin tablets, saliva was collected 
at 0.5-hr. intervals for 5 hr. and then hourly for 7-9 hr. 


Salicylate in plasma was extracted by the method of Rowland 
and Riegelman (5 ) .  This method was modified slightly in the assay 
of salicylate in saliva. Aliquots of saliva (2-5 8.) were weighed into 
screw-capped tubes and diluted to  5 ml. with water. The samples 
were acidified with 25 potassium hydrogen sulfate solution (0.5 
ml.) and extracted with ether (6 ml.) by mixing on a tilt-action shaker 
for 15 min. The resulting coarse emulsion was easily broken by 
centrifugation. Aliquots of the ether extract (4 ml.) were then shaken 
with 0.1 M phosphate buffer, pH 7.0 (5 ml.). Traces of ether were 
removed from the phosphate buffer by blowing air through the 
solutions for 30 sec. Aqueous standard solutions of salicylic acid 
were extracted in a similar fashion. 


Fluorescence of the final solutions was measured on a spectro- 
fluorometer’. The excitation wavelength was 305 nm., while fluo- 
rescence was measured at 400 nm. for plasma extracts and at  350 
and 400 nm. for saliva extracts. The emission spectrum of salicylic 
acid at pH 7.0 is maximal a t  400 nm. and minimal at 350 nm. The 


1 Merck & Co., Rahway. N. J. 
* Ecotrin, batch code 860h24, Smith Kline & French, Philadelphia, 
* Perkin-Elmer Hitachi, model 203. 


Pa. 


fluorescence intensity of control saliva was usually low and rela- 
tively constant; fluorescence intensity a t  400 nm. of control saliva 
was subtracted from the intensity of unknowns to  give the fluo- 
rescence intensity due to salicylate. In one subject the fluorescence 
intensity of control saliva was variable, although quite low. In this 
case the fluorescence intensity due to salicylic acid in saliva was 
calculated from the relationship: 


where: 


X = fluorescence intensity at 400 nm. due to salicylate 
A = total fluorescence at  400 nm. 
B = total fluorescence at  350 nm. 
R = ratio of fluorescence intensity of control saliva at 350 nm. 


to intensity a t  400 nm. and is assumed to remain constant 
throughout the study 


The ratio of fluorescence intensity of salicylic acid at  350 nm. to  
intensity a t  400 nm. was 0.02. 


Standard curves were linear in the range 0.4-6 mcg.15 ml. and 
2-12 mcg.lO.2 ml. in the assay of salicylic acid in saliva and plasma, 
respectively. The recovery of salicylic acid from saliva was not 
significantly different from recovery from aqueous standard solu- 
tions. The concentration of salicylic acid in saliva was expressed as 
micrograms per milliliter, the weight per milliliter of saliva being 
1.00 g. Replicate assays of salicylic acid in saliva indicated that 
the procedure was accurate to within ~t0.02 mcg./ml. In the re- 
ported experiments, the concentrations are from single assays of 
samples of plasma and saliva. 


In preliminary studies, no significant quantities of hydrolyzable 
salicylate (aspirin) were detected in saliva by the method of Row- 
land and Riegelman (5 ) .  Consequently, no attempt was made to 
prevent the hydrolysis of aspirin in the saliva samples. 


RESULTS 


After simultaneous collection of saliva and blood, time course 
plots of salicylic acid levels in saliva and plasma showed good 
parallelism in each of the three subjects (Fig. 1). Ratios of the 
concentration of salicylic acid in saliva to  the concentration in 
plasma are shown in Table I. The coefficient of variation in these 
ratios in each subject was very small. No significant trends in the 
saliva-plasma ratios were detected, either with time or with the 
plasma concentration of salicylic acid. No delay was detected be- 
tween the appearance of salicylic acid in plasma and saliva. As 
anticipated from these results, the correlations between levels of 
salicylic acid in saliva and plasma were highly significant, p < 0.001 


PLASMA CONCENTRATION, rncg./ml. 


Figure 2-Relationship between salivary and plasma levels of salicylic 
acid, Subjecf 3. 
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Table I-Relationships between Salivary and Plasma Concentrations of Salicylic Acid 


1 2 3 


Saliva-plasma ratio 0.0293 0.0307 0.0394 
(&coefficient of variance) (*4.4%) (*lo. 8%) (.t 10.9) 
Regression of salivary 
concentration versus 
plasma concentration: 


Slope 0.0316 0.0302 0.0370 
(95% confidence limits) (0.0292 to 0.0340) (0.0266 to  0.0338) (0.0313 to 0.0427) 
Intercept -0.062 +0.013 -0.071 
(95z confidence limits) (-0.139 to  +0.015) (-0.071 to  +0.098) (-0.230 to +0.090) 


Correlation coefficient 0.997 0.988 0.992 
between salivary and 
plasma concentrations 


in the three subjects, with correlation coefficients ranging from 
0.988 to 0.997 (Table I and Fig. 2). Consistent with the parallelism 
between the salivary and plasma levels of salicylic acid, the slope 
of the regression line of salivary concentration was very similar to 
the mean saliva-plasma ratio. Furthermore, the intercept of the 
regression line was not significantly different from zero (Table I). 
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Figure 3-Concentrations of salicylic acid in saliva following the 
administration of 650 mg. aspirin in hard gelatin capsules on three 
different occasions. Blood samples were also taken in one experi- 
ment (a). Key: a, Subject I ;  nnd b, Subject 2. 


Saliva-plasma ratios of salicylic acid were not affected by veni- 
puncture, although the flow rate of saliva was clearly reduced dur- 
ing venipuncture. In studies where both saliva and blood were col- 
lected, some saliva samples were taken without simultaneous veni- 
puncture. In these studies, the concentrations of salicylic acid col- 
lected in the presence or absence of venipuncture fell on the same 
smooth concentration-time curves. Further evidence for a lack of 
effect of venipuncture on the salivary levels of salicylic acid was o b  
tained from the two studies where saliva only was collected follow- 
ing dosage with aspirin capsules. The salivary concentration-time 
curves were very similar in the three studies on Subjects 1 and 3 
(Fig. 3). Salivary levels of salicylic acid differed at any given time 
in the three studies on Subject 2. although the forms of the concen- 
tration-time curves were very similar (Fig. 3). 


Parallelism between the concentrations of salicylic acid in saliva 
and plasma was also demonstrated by the similar half-lives in these 
fluids. Half-life values shown in Table I1 were calculated from the 
concentrations of salicylic acid in saliva and plasma from 3 to 11 
hr. after administration of aspirin. Elimination of salicylic acid a p  
peared monoexponential within this period. 


Area analysis was consistent with the parallelism between the 
concentrations of salicylic acid in saliva and plasma. In each sub- 
ject, the ratio between the areas under the salivary and plasma con- 
centration-time curves was similar to the mean saliva-plasma ratio 
(Table 11). The areas under the salivary concentration-time curves 
differed in repeated studies on the same subject. The greatest dif- 
ferences were noted in Subject 2, where the salivary levels of salicylic 
acid varied significantly, although the forms of the salivary con- 
centration-time curves were very similar. 


The salivary levels of salicylic acid were also determined in each 
of the three subjects following the administration of enteriocoated 
tablets. The studies were not continued for a sufficient time to evalu- 
ate the products fully. However, differences between the absorption 
of aspirin from capsules and enteric-coated tablets were quite evi- 
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Figure &Concentrations of salicylic acid in saliva of three subjects 
following the administration of 650 mg. aspirin in enteric-coated 
tablets. 
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Table 11-Half-Lives and Areas under Salicylic Acid Concentration-Time Curves 


Subject 
1 2 3 


Half-life, min. : 
Saliva- 
Plasma 


Saliva 
Plasma 


Area, mcg. min. mL-1: 


Area ratio, saliva-plasma 


211", 170, 191 
233", 193 


486", 402,481 
17,Uw)", 13,900 
0.0283 


159", 169, 164 
1690 


424", 531, 594 
14,000" 
0.0302 


160a, 187,242 
221" 


729", 866, 882 
19,700" 
0.0370 


a Indicates results of experiments where both saliva and blood samples were collected. 


dent. The absorption of aspirin was delayed for up to 8 hr. after 
dosage with the enteric-coated tablets, the delay being quite dif- 
ferent in the three subjects (Fig. 4). By comparison, significant levels 
of salicylic acid were found in saliva 30 min. after the administra- 
tion of aspirin capsules (Figs. 1 and 3). 


DISCUSSION 


Saliva-plasma ratios of salicylic acid reported in this paper differ 
markedly from those found in a previous study. Leulier et al. (6) 
found parotid saliva-plasma ratios of 0.31-0.76 when plasma levels 
ranged from 290 to 480 mcg./ml. after a dose of 6 g. sodium sali- 
cylate. These plasma levels and saliva-plasma ratios were consider- 
ably higher than those attained in the present study. However, 
lower saliva-plasma ratios of salicylic acid were anticipated at the 
lower plasma concentrations observed in the present study, since 
the fraction of protein-free salicylic acid in plasma decreases as the 
plasma concentration decreases (7) and a diffusional equilibrium is 
established between the concentration of lipid-soluble drugs in 
saliva and the concentration of the protein-free, unionized forms of 
the drugs in plasma (2, 3). Accordingly, the saliva-plasma ratio of 
salicylic acid might change slightly in serial samples of saliva follow- 
ing a single dose of aspirin or salicylic acid. However, in the present 
study, no significant correlation was observed between the saliva- 
plasma ratios and the concentrations of salicylic acid in plasma 
ranging up to 50 mcg./ml. Proportionality between salivary and 
plasma levels of salicylic acid cannot be assumed outside this range 
of plasma concentrations. 


The parallelism between the salivary and plasma concentration- 
time curves is also in contrast to previous work. Borzelleca and 
Putney (1) measured the levels of salicylic acid in parotid saliva 
and plasma of dogs anesthetized with pentobarbitone (pentobarbi- 
tal), saliva flow being stimulated by pilocarpine. Salivary levels of 
salicylic acid were dose related. However, in time-course studies, 
the saliva-plasma ratios of salicylic acid increased throughout the 
experiments, in marked contrast to the constant ratios observed in 
this study. The experimental conditions are markedly different in 
these two studies and no hypothesis is suggested for the different 
findings without further experimentation. 


The proportionality between salicylic acid levels in saliva and 
plasma indicated that measurement of salicylic acid levels in saliva 
may be a useful technique in the evaluation of different salicylate 
preparations. Differences in the release of aspirin from enteric- 
coated tablets and capsules were clearly shown in the present study. 
Although the enteric-coated tablets were not fully evaluated, the 
time of release of aspirin from these tablets appeared very variable. 
Some variation was also noted in the availability of aspirin capsules. 
The dissolution of aspirin is influenced by formulation in hard 
gelatin capsules (8) and may lead to erratic absorption. Aqueous 
solutions of aspirin are completely absorbed (8) and have been used 


as reference dosage forms in studies on the availability of aspirin 
from formulations. However, some aspirin was retained in the 
mouth after ingestion of solutions of aspirin (650 mg. in 250 mL), 
and capsules were used as the reference dosage form in this study. 


Measurement of the excretion of salicylates in urine has been 
used as an alternative technique for the estimation of plasma levels 
in the evaluation of different formulations of aspirin. The total 
recovery of salicylates in urine is a good index of the absorption of 
different preparations of aspirin, since over 95% of orally adminis- 
tered doses can be recovered in urine (9). However, the rate of 
elimination of free salicylate in urine fluctuates considerably (9); 
and the rate of excretion of the major metabolite, salicyluric acid, 
does not parallel plasma levels of salicylic acid (10). While only a 
limited number of subjects were examined in the present study, 
measurement of salicylic acid levels in saliva should give a more 
accurate estimate of changes in the plasma concentration of sali- 
cylic acid than can be obtained from urinary studies. 
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Although the results shown in Fig. 2 and Table IV clearly show 
that the presence of caffeine and acetaminophen in equimolar 
amounts has a significant effect on the dissolution rate of acet- 
aminophen (and caffeine), they still left some question as to whether 
or not the presence of smaller ratios of caffeine to acetaminophen, 
such as are found in many commercial analgesic preparations (Z), 
would have any significant physical effects on the release of acet- 
aminophen from such tablets. Therefore, tablets containing one part 
anhydrous caffeine (30 mg.) and 10 parts acetaminophen (300 mg.) 
were prepared. The dissolution behavior of such tablets was then 
compared to  pure acetaminophen tablets (300 mg.). The tablets 
containing the mixture began to disintegrate within 2 min. and dis- 
solved completely within 50 niin. The pure acetaminophen tablets, 
on the other hand, dissolved without disintegration and required 
more than 100 min. for complete dissolution. 


Whether or not these results can be extrapolated to  commercial 
tablets that contain various additives such as binders and diluents is 
doubtful. However the results do  suggest that caffeine has a sub- 
stantial effect on the release of acetaminophen from tablets. There- 
fore, in any formulation attempts or changes, the possible effects of 
the presence of caffeine in such a system should be considered. 


The dissolution rates of theophylline and acetaminophen from 
various systems are shown in Fig. 5. It is obvious that in these sys- 
tems the dissolution rates of acetaminophen and theophylline from 
the same tablet are not as similar as in the acetaminophen-caffeine 
systems. Furthermore, there is no significant difference between the 
anhydrous complex and the equimolar physical mixture which, in 
this case, was prepared by blending of powders. The initial rate of 
dissolution for theophylline from the physical mixture and the pure 
theophylline tablet should be noted. The theophylline dissolves 
approximately 100% faster from the physical mixture than from 
pure theophylline tablets. This increase in dissolution rate, together 
with the neutral t o  slightly acid pH of the resulting solution, sug- 
gests that the anhydrous complex may have some utility in the 
formulation of more rapidly dissolving oral dosage forms of theo- 


DRUG S T A N D A R D S  


phylline which could replace, in some cases, the highly alkaline 
theophylline salts presently employed. 
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Desorption of Belladonna Alkaloids from 
Antacids for Analysis 


V. DAS GUPTA’ and K. L. EULER 


Abstract The desorption of belladonna alkaloids from antacids method for the analysis. 
for analysis was investigated. The antacids studied were dried 
aluminum hydroxide gel, calcium carbonate, magnesium carbonate, Keyphrases 0 Belladonna alkaloids-desorption from antacids for 
magnesium oxide, and magnesium trisilicate. It appears that the analysis 0 Desorption, belladonna alkaloids-from antacids, 
alkaloids are strongly adsorbed only on the surface of magnesium analysis [7 Antacids-adsorption of bel1:tdonna alkaloids, desorp- 
trisilicate. The complete desorption of alkaloids requires boiling the tion for analysis 0 Magnesium trisilicate-adsorption of belladonna 
complex with concentrated hydrochloric acid and then using a dye alkaloids, desorption for analysis 


The pharmaceutical industry is marketing some vestigations, I-hyoscyamine was found to be strongly 
adsorbed onto the surface of one or more of the in- 
gredients. An effective method was required to desorb 
the alkaloids for analysis. The purpose of this paper is 
to report the details of these investigations. 


liquid antacid preparations in combination with bella- 
donna alkaloids. One typical product of this nature was 
brought to the authors’ notice for the development of 
an assay procedure for I-hyoscyamine. During the in- 
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EXPERIMENTAL 


Reagents and Chemicals-All of the reagents, chemicals, and 
materials used were either USP, NF, or ACS grade. Bromthymol 
blue was used as supplied' without further purification. 


Preparation of Solutions-A bromthymol solution (1 X 10-4 M) 
was prepared in a phosphate buffer (0.05 M )  solution of pH 7.0 
(*O. 1)*. 


Simulated Gastric Juice-A solution of simulated gastric juice 
was prepared according to the directions in the USP (1). 


Preparation of Typical Antacid Preparation (Preparation A)- 
The following were used: 


magnesium trisilicate 50 g. 
dried aluminum hydroxide gel 25 g. 
I-h yoscyamine 12.5 mg. 
glycerin 20 ml. 
glucose 15 g. 
sodium alginate (low viscosity3) 5 g. 
sodium saccharin 375 nig. 
chlorophyll (85% concentrate) 47 mg. 
sodium benzoate 500 mg. 
ethyl alcohol 26.3 ml. 
spearmint oil 187.5 mg. 
distilled water q.s. to 500 ml. 


Manufacturing Procedure-Step I-Add sodium alginate to 
glycerin and stir well using a mortar and pestle until smooth. Dis- 
solve sodium saccharin and sodium benzoate in 96 ml. of distilled 
water and mix with the above mixture gradually with stirring. Di- 
lute glucose with 64 nil. of water and add tothe mixture with stirring. 


Step 2-Add spearmint oil and I-hyoscyamine to  alcohol and 
mix with Step 1 with stirring. Stir the mixture for 30 min. and then 
add magnesium trisilicate and dried aluminum hydroxide gel 
slowly with stirring. Stir until smooth (about 3&60 min.). 


Step 3-Dissolve chlorophyll concentrate in 3 ml. of water, add 
to Step 2, q.s. with distilled water, and stir for about 30 rnin. 


Separate batches of the preparation without magnesium trisilicate 
and dried aluminum hydroxide gel (Preparation B) and without 
sodium alginate (Preparation C) were also prepared. 


New batches of Preparations A, B, and C were prepared with all 
three belladonna alkaloids (labeled Preparations D, E, and F, re- 
spectively) in the following concentrations (alkaloidal salts were 
dissolved in water with sodium benzoate): 


I-hyoscyamine 1 2 , s  nig./500 ml. 
atropine sulfate 12.5 mg./500 ml. 
scopolamine hydrobromide 1 .25 mg./500 ml. 


Suspensions of Antacids in Distilled Water-The suspensions 
(107 wjv) of the following antacids were prepared in distilled water 
by simply stirring the antacids with distilled water in a beaker. The 
belladonna alkaloids were dissolved in distilled water, and their 
final concentrations in the preparations were the same as reported 
previously. 


Preparation 
Antacid Labeled as 


magnesium trisilicate G 
dried aluminum hydroxide gel H 
magnesium carbonate I 
magnesium oxide J 
calcium carbonate K 


New batches of Preparations G through K were prepared in which 
a part of the water was replaced with 0.2 M hydrochloric acid in 
order to adjust the pH to approximately 7. These preparations were 
labeled as L, M, N, 0, P, and Q, respectively. 


Assay Procedure-The following assay procedure was tried on all 
preparations, A through Q. 


Procedure I-Dilute 25 ml. of the preparation to 100 ml. with 
distilled water. Take 5 ml. of the diluted suspension and add 5.0 ml. 
of the dye solution and 10.0 ml. of chloroform in a 125-ml. sepa- 


* Eastman Organic Chemicals. 
All pH adjustments in these studies were hiade using a Beckman 


Kelco Co.. Clark, N. J. 
Zrromatic pH meter. 


Table I-Recovery of I-Hyoscyamine or All of the Three 
Belladonna Alkaloids Using Procedure 1 


Preparation Recovery 


A Very p o o p  
B Completeb 
C Very poor 
D Very poor 
E Complete 
F Very poor 
G Very poor 
H Complete 
I Complete 
J Fair" 
K Complete 
L Very poor 
M Complete 
N Complete 
0 Complete 
P Complete 
Q Complete 


a Less than 12%. b More than 95%. Approximately 84%. 


rator. Shake it for 1 min. and then follow the same procedure as 
reported earlier ( 2 )  under Assay Procedure .for Ephedrine Sulfure 
starting with: "The phases were allowed . . .." The assay readings 
were compared with standard readings to  obtain the percent of 
either I-hyoscyamine or all of the three belladonna alkaloids con- 
tained in each preparation. The results are presented in Table I. 


Since the recovery of belladonna alkaloids from Preparations A, 
C, D, F, G, and L (all containing magnesium trisilicate) was very 
poor (less than 1273, with the above reported procedure, the fol- 
lowing procedures were tried only on these preparations. 


Procedure 2-Take 25 ml. of the preparation, add 50 ml. of 0.1 
N hydrochloric acid, heat to 37", and stir continuously using a mag- 
netic stirrer with a heater to maintain the temperature for 4 hr. 
Cool the mixture to room temperature, adjust the pH to approxi- 
mately 7 using 1 M sodium hydroxide solution, and bring the volume 
to 100 ml. with distilled water. Take 5 ml. of the diluted suspension 
and assay according to Procedure 1. The results are presented in 
Table 11. 


Procedure 3-This was the same as Procedure 2 except that 50 
ml. of simulated gastric juice was substituted for 50 ml. of 0.1 N 
hydrochloric acid. The results are presented in Table 11. 


Procedure 4-This was the same as Procedure 2 except that the 
preparation was mixed with 1 M hydrochloric acid and boiled for 
1 min. instead of stirring for 4 hr. at  37". 'The results are presented 
in Table 11. 


Procedure 5-Take 12.5 ml. of the suspension, mix it with 75 ml. 
of chloroform, and stir for 1 hr. at 37". Allow it t o  cool and collect 
the chloroform layer. Add more chlorol'orm in small quantities 
(about 5 ml.) to the suspension and collect the chloroform layer 
until the total volume is 100 ml. To assay for the alkaloids, take 5.0 
ml. of distilled water, mix with 5.0 ml. of the dye solution in a 125- 
ml. separator, add 10.0 ml. of the chloroform solution, shake the 
mixture for 1 min., and let the chloroform layer separate. Measure 
the absorbance of the clear chloroform layer according to Procedure 
1. The results are presented in Table 11. 


Procedure 6-This was the same as Procedure 5 except that boiling 
chloroform was used for the extraction of the alkaloids. The time 
allowed for shaking was 1 min. The results are presented in Table 
11. 


Table 11-Recovery of I-Hyoscyamine or All of the Three 
Belladonna Alkaloids Using Procedures 2 through 7 


--Recovery Using Procedure-- 
Preparation 2 through 6 7 


A Very poor" Completeb 
C Very poor Complete 
D Very poor Complete 
F Very poor Complete 
G Very poor Complete 
L Very poor Complete 


a Less than 12%. b More than 95 %. 
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Table 111-Assay Results on Belladonna Alkaloids on 
Preparation D Using Procedure 7 


Assay Recovery, 


1 
2 
3 
4 


99.7 .. . .  


100.3 
101.2 
99.2 


Average 100.1 
Average deviation =to. 65 


Procedure 7-Take 25 ml. of the suspension, add 12.5 ml. of 
concentrated hydrochloric acid, and heat to boiling on a hot plate. 
Cool, filter, wash the residue with 3 X 10-ml. portions of distilled 
water, and combine with the filtrate. Adjust the pH of the filtrate to 
approximately 7.0 with 3.5 N sodium hydroxide solution and bring 
the volume to 100 ml. Take a 5 4 .  quantity of this solution and 
assay according to Procedure 1. The results are presented in Table 
XI. 


Preparation D was assayed four times using Procedure 7. The 
results are presented in Table 1x1. 


DISCUSSION 


The results of these investigations (Tables I and 11) indicate that 
all three belladonna alkaloids are strongly adsorbed on the surface 
of magnesium trisilicate. It was impossible to desorb and determine 
the alkaloids quantitatively with 0.1 N hydrochloric acid or other 
modified procedures (see Procedures 1 through 6). The only method 


that made them completely available for determination was boiling 
with concentrated hydrochloric acid. After desorption, the alkaloids 
could be easily determined using a dye method. As far as various 
antacids are concerned, the results of these investigations do not 
indicate adsorption of alkaloids on the surface of aluminum hy- 
droxide gel as reported by Grote and Woods (3). On the other hand, 
the results are in agreement with those of Blaug and Gross (4) 
who reported strong adsorption of anticholinergic drugs on the 
surface of magnesium trisilicate. The method (Procedure 7) is 
recommended for complete desorption of belladonna alkaloids for 
analysis. The average assay result on Preparation D was 100.1 f 
0.65 (Table 111). 
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Quantitative Determination of D-Dopa Present in 
Levodopa Sampled 


G. COPPI, A. VIDI, and G. BONARDI 


Abstract 0 A method for the assay of D-dopa present in L-dopa 
samples is reported. The method is based on the ability of an L- 


Keyphrases 0 D-Dopa-analysis in levodopa formulations, levo- 
dopa biotransformation to dopamine, separation, fluorometry 0 
metric analysis of D-dopa 0 Dopamine, biotransformation prod- 


L-Amino acid decarboxylase transformation of levodopa to do- 
pamine-analysis of D-dopa in levodopa formulations 0 Column 
chromatography-separation of D-dopa and dopamine 0 Fluo- 
rometry-analysis, D-dopa 


amino acid decarboxylase, preseilt in a Srrepfococcus faeculis sus- Levodopa biotransformation to dopamine-separation, fluoro- 


pension, to convert quantitatively L - ~ O P ~  to dopamine while D- uct of ~evodopa-ana~y~~s of D-dopa in levodopa formulations 0 
dopa remains unchanged. The latter is separated from dopamine 
by an ion-exchange resin and subsequently assayed according to a 
fluorometric method. Contaminant amounts of D-dopa present in 
L-dopa samples can be detected. 


The presence of D-dopa in levodopa (L-dopa) samples, 
always possible as a result of the synthetic process, is 
undesirable in  the therapy of Parkinson’s disease be- 
cause it has been well established that the D-enantiomer 
of P-(3,4-dihydroxyphenyl)-a-alanine is biologically in- 
active and displays toxic side effects (1-3). As a conse- 
quence, the quantitative determination of D-dopa in 
L-dopa samples is of considerable importance. At the 


moment, a quantitative separation of the two isomers is 
possible only by liquid chromatography methods (4). 


The present authors studied a specific method for 
determining the contaminant amounts of D-dopa present 
in L-dopa pharmaceutical preparations. This method is 
based on the ability of an L-amino acid decarboxylase, 
present in a Streptococcus,faecalis suspension, to convert 
L-dopa into dopamine while D-dopa remains unchanged. 


1460 Journnl of Pharmaceutical Sciences 








Table IV-Elemental Analyses of Compounds 1-111 
and Their Derivatives 


-Analysis, %- 
Compo LI 17 d For mu la Calc. Found 


1 Free alcohol C,sH,~O C 83.99 84.26 
H 12.15 12.33 


I Acetate C I I H ~ O ?  C 81.52 81.72 
H 11.48 11.55 


I1 Free alcohol C,OHK,O C 84.40 84.92 
H 11.80 11.78 


11 Acetate C12Hz02 C 81.99 81.95 
H 11.18 11.26 


H 11.79 11.80 
111 C3oHjuO.HnO C 81.02 81.26 


ofthis fraction on silicic acid yielded (3-sitosterol. TLC on alumina of 
several fractions eluted from the silicic acid column yielded cyclo- 
artenol. Acetylation of a fraction from the alumina column yielded, 
after preparative TLC, (3-amyrin acetate. Examination of a petro- 
leum ether extract of the plant which was not subjected to harsh 
saponification methods indicated that (3-amyrin also occurs as the 
acetate. 
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Potential Antidiabetics XII: 
N’-Phenylcarbamoyl-4-arylazo(3- and/or 5-substituted)pyrazoles and 
Their Biological Activities 


H. G .  GARG’ and CHANDRA PRAKASH 


Abstract 0 The promising antidiabetic candidates A“-phenyl- 
carbamoyl-4-arylazo-3,5-dimethylpyrazoles, Nl-phenylcarbamoyl- 
4 - arylazo - 3 - methyl - 5 - phenylpyrazoles, and N 1  - phenylcar- 
bamoyl-4-aryla~o-3,5-diphenylpyrazoles were prepared in 55- 
70 ;(, yield by the cyclization of 2,3,4-pentanetrione-2-arylhydra- 
zones, I-phenyl-2-arylhydrazono-I ,2,3-butanetriones, and 1,3- 
diphenyl-2-arylliydrazono-I,2,3-propanetriones, respectively, with 
4-phenylseniicai.bazide. No significant antidiabetic effects were 
observed in pharmacological testing of these compounds except 


for N1-pheiiylcarbamoyl-4-(2,3-dimetl~ylphenylazo)-3,5-dimethyl- 
pyrazole. 
Keyphrases c] Antidiabetic agents, potential-synthesis and bio- 
logical activity of N1-phenylcarbamoyl-4-arylazo(3- and/or 5-sub- 
stituted)pyrazoles 0 Pyrazoles, N~-phenylcarbamoyl-4-arylazo(3- 
and/or 5-substituted)-synthesis as potential antidiabetic agents, 
biological activity 0 N~-PhenyIcarbamoyl-4-arylazo( 3- and/or 5- 
substituted)pyrazoles-synthesis as potential antidiabetic agents, 
biological activity 


The facts that N1-phenylcarbamoyl-3,5-dimethylpyra- 
zole possesses hypoglycemic activity 20-30 times that of 
tolbutamide (1) and that certain arylazohydroxyquino- 


lines are diabetogenic (2) led to  the synthesis of 
N1-phenylcarbamoyl-4-arylazo-3,5 -dimethylpyrazoles, 
N1-phenylcarbamoyl-4-arylazo-3-methyl-5-phenylpy- 
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Table I-N1-Phenylcarbamoyl-3,5-dirnethyl-4-arq lazopyrazoles ~ O N H W ~  


__ Analysis, z--- 
Calc. Found 


Compound Yield, Melting 
Number R 72 Point Colora 


1 3-NOz 58 155" 
2 4-NOz 60 183" 
3 3 x 1  63 214" 
4 4 4  60 166" 
5 2-Br 55 117" 


LtBN C.eHinNnO N 23.07 22.80 - _ s - ~ _ " -  " _  
22.78 OP CISHIENEO N 23.07 


LtON ClsHiaCIN60 N 19.80 19.53 
YN CisHieClNaO c1 10.04 9.84 
DYP N 17.59 17.28 


6 
7 


4-Br 60 
63 
56 
55 
66 
60 
66 


60 
63 


123-1 25 YN N 17.59 
N 21.02 
N 20.05 
N 20.05 
N 20.05 
N 19.28 
N 18.04 


17.31 
20.68 108' dec. 


138" 
232" 
169' 
148' 


YP 
LtYP 
YN 
YN 
BN 


8 
9 


10 


20.24 
19.82 
19.83 
19.02 11 


12 
4-CHiCH20 
2-c1; 3-c1 


2x1; 5-c1 
2-Br; 5-Br 


167" 


148" 
219" 


YP 


BP 
YP 


17.74 
Cl 18.29 
C1 18.92 
Br 33.54 


18.09 
18.19 
33.2 


13 
14 


a B, brown; D, dark; Lt, light; N, needles; 0, orange; P, plates; and Y, yellow. 


Table II-N1-PhenylcarbamoyI-3-methyl-5-phenyl-4-ary~azopyrazoles 
~ ~ ~~ ~~~ 


Compound Yield, Melting -Analysis, %- 
Number R % Point Colora Formula Calc. Found 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


2-NO2 63 176" ON CniHieNaOq N 19.90 19.58 -" _I Y - "  


4-NO; 65 174" YP CzaHisNsOa N i 9  90 i9  49 
3x1  58 293" LtYP C23HisCIN60 C1 8 54 8.23 
2-Br 58 190-192" LtYP C23H18BrN50 Br 17 39 17.03 
2-CH3 55 296" LtBP CzdHtrN50 N 17 72 17.93 
4-CH3 59 198" dec. YP C~H;;N;O N 17.72 17.54 
2-CH2O 60 165" YP C*,HqvNcO, N 17 0'3 17.12 .~~~... "-_ ~- 
3-CH;O 58 243" dec. OP CZ4H21N502 N i7.03 17.31 
2-CHaCHzO 63 139" YP C Z L H Z ~ N ~ O Z  N 16.47 16.18 
2-c1; 4-c1 60 145" LtBP CZ~HITCIZN~O C1 15.77 15.56 
2-Br: 4-Br 63 183" LtOP C Z ~ H I T B ~ ~ N ~ O  Br 29.68 29.52 


YN C Z ~ H I T B ~ ~ N ~ O  Br 29.68 29.42 
DYP C Z ~ H Z ~ N ~ O  N 17.11 16.82 
ON Cz 5H naN 5 0  N 17.11 16.91 
LtOP CZ&L~NSO N 17.11 16.82 
DYP CzsHzaNsO N 17.11 17.32 


2-Brf 5-Br 58 178" 
2-CH3; 3-CH3 56 i360 
2-CH3; 4-CH3 60 121" 
2-CHs; 5-CH3 59 146" 
3-CH3; 5-CH3 59 186" 


0 B, brown; D, dark; Lt, light; N, needles; 0, orange; P, plates; and Y, yellow. 


razoles, and N1-phenylcarbarnoyld-arylazo-3,5-diphen- 
ylpyrazoles. These are obtained by the condensa- 
tion of 4-phenylsemicarbazide with 2,3,4-pentanetrione- 
3-arylhydrazone (3), l-phenyl-2-arylhydrazono-1,2,3- 
butanetriones (4), and 1,3-diphenyl-2-arylhydrazono- 
1,2,3-propanetriones (9, respectively. 


The structural evidence obtained by IR spectroscopy 
is in complete agreement with their assignments. The 
most characteristic bands are in the regions of 1515-1520 
(C=C-N-N-) (6), 1640-1660 (aryl C=C) (6), and 
3000-3100 (-NH-) cm.-'. 


received an equal volume of the vehicle. The blood samples (0.05 
ml.) obtained From retrobulbarplexuses at 0, 3, and 4 hr. after 
dosing were analyzed for blood sugar with the aid of an analyzing 
unit' using the modified method of Hoffman (7). No appreciable 
antidiabetic activity was observed for the following compounds: 
4-(4-chlorophenylazo)-, 4-(4-methoxyphenylazo)-, and 4-(4-chloro- 
2,5-dimethoxyphenylazo)-N'-phenylcarbamoyl-3-methyl- 5 - phenyl- 
pyrazoles. Ni-Phenylcarbamoyl-4-(2,3-dimethylphenylazo)-3,5-di- 
methylpyrazole showed hypoglycemic activity in the single pre- 
liminary test. 


EXPERIMENTAL2 


2,3,4Pentanetrione 3-arylhydrazones (3), 1-phenyl-2-arylhy- 
drazono-l,2,3-butanetriones (4), and 1,3-diphenyl-2-arylhydrazono- 
1,2,3-triones (5) were prepared according to literature routes. PHARMACOLOGY 


These compounds were evaluated for their antidiabetic activity 
in mice. Doses of 0.25-1.5 mmoles/kg. of the compounds were 
administered in carboxymethyl cellulose suspensions. Controls 


I Technicon AutoAnalyzer. 
2 Melting points were determined on Kofler hot-stage apparatus. 


IR spectra were recorded on a Perkin-Elmer model 137 spectrometer. 
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Table III--N1-Phenylcarbamoyl-3,5-diphenyl-4-arylazopyrazoles ?ONHC,H, 


Analysis, % - - .  Compound Yield, Melting 7- 


Number R z Point Coloro Formula Calc. Found 


1 2-NOz 60 163-1 65 O DYP CzaHzoNsOa N 17.21 17.02 
2 3-NOz 63 184" LtON Cz8HzoN~03 N 17.21 16.93 
3 60 171 ' ON Cz8NzoN60~ N 17.21 16.93 
4 4-CI 55 166" YN CZ~HZOCIN~O c1 7.43 7.14 
5 4-Br 58 159" YP C Z E H Z O B ~ N ~ O  Br 15.32 15 .53  
6 2-CH3 55 175-176" DYN CzeHz3Ns0 N 15.31 15.03 
7 3-CH3 55 203 O BN CzsHz3NsO N 15.31 15.14 
8 4-CHa 58 197" ON CzeH13N50 N 15.31 14.84 
9 3-CH3O 68 157-1 59 O DYP CzeHzaNsOz N 14.79 14.63 


10 4-CH3CHzO 63 199-201 O LtOP C ~ O H Z B N ~ O Z  N 14.37 14.14 
11 4-SOzNHz 63 154" LtOP CzeHzzNs03S N 16.09 15.82 


S 6.13 5.84 
12 2-CI; 4-C1 56 172-174' DYP CzsHisCIzNsO CI 13.86 13.64 
13 2-Br; 4-Br 57 189" LtON CZSHIQB~~NSO Br 26.62 26.42 
14 2-CH3; 5-CH3 55 I51 O YP C30Hz5N50 N 14.83 14.73 
15  3-CH3; 5-CH3 60 176" LtYN C ~ O H Z B N ~ O  N 14.86 14.72 
16 2-CHzCHzO; 63 192" OP C3zHmN503 N 13.18 13.31 


S-CHBCHIO 


a B, brown; D, dark; Lt, light; N, needles; 0, orange; P, plates; and Y, yellow. 


N~-Phenylcarbamoyl-4-phenylazo-3,S-dimethylpyrazole-To a hot 
solution of 2,3,4-pentanelrione 3-phenylhydrazone (0.005 mole) in 
ethano! (25 ml.) was added an aqueous ethanolic solution of 4- 
phenylseniicarhazide (0.005 mole). The contents were shaken well 
and left at room temperature for 1 hr. The yellow precipitate so 
obtained was recrystallized from ethanol to give light-yellow plates 
(63z) ,  m.p. 269". 


Ad-Calc .  for CIRH17N50: C, 67.70; H, 5.32; N, 21.94. Found: 
C, 67.30; H, 5.02; N, 21.63. 


The characteristics of other N1-phenylcarbamoyl-4-arylazo-3,5- 
dimethylpyrazoles, prepared by a similar procedure, are given in 
Table 1. 


N1-Phenylcarbamoyl-4- phenylazo-3 -methyl- 5 -phenylpyrazole- 
An aqueous alcoholic solution of 4-phenylsemicarbazide (0.005 
mole) was treated with I-phenyl-2-phenylhydrazono-1.2.3-butane- 
trione (0.005 mole) in hot ethanol (25 ml.). The mixture was heated 
for 20 min. on a steam bath. The yellow crystals, which separated 
out on cooling, were filtered and washed with ethanol and recrys- 
tallized from ethanol to give yellow plates (58z) ,  m.p. 194-195". 


A/in/.-Calc. for C1aH19N50: C, 72.44; H, 4.98; N, 18.37. Found: 
C, 72.22; H, 4.68; N, 18.29. 


The characteristics of other N~-phenylcarbamoyl-4-arylazo-3- 
methyl-5-phenylpyrazoles are given in Table 11. 
N1-Phenylcsrbamoyl-4-phenylazo-3,5-diphenylpyrazole-A mix- 


ture of I ,3-dipheiiyl-2-phenylhydrazono-1,2,3-propanetrione (0.005 
mole) in ethanol (30 ml.) and an aqueous solution of 4-phenyl- 
semicarbazide (0.005 mole) was heated under reflux for 1 hr. on a 
steam bath. On cooling, the shining yellow crystals separated out 
and were recrystallized from ethanol (65%), m.p. 181 '. 


A/ia/.-Calc. for C B H ~ , N ~ O :  C, 75.87; H, 4.74; N, 15.80. Found: 
C, 75.59; H ,  4.49; N, 15.63. 


The characteristics of other N~-phenylcarbarnoyl-4-arylazo-3,5- 
diphenylpyrazoles are given in Table 111. 
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A Phytochemical Investigation of 
Yucca schottii (Liliaceae) 


R. C. BACKER, E. BIANCHI, and J. R. COLE’ 


Abstract 0 The saponin-containing fraction of the leaves of Yucca 
schottii Engelm. (Liliaceae) has been shown to possess anti-inflam- 
matory properties against carrageenin-induced edema in rats. By 
means of silica gel G dry column and thin-layer chromatographic 
techniques, a separation of the saponins present as the acetates was 
accomplished. Six of the saponins showed the presence of yuccagenin 
as their aglycone and galactose as the sugar moiety. The other sapo- 
nin contained kammogenin as its aglycone and 2-deoxyribose as the 
sugar moiety. A preparative isolation procedure was developed for 
the saponin which contained kammogenin as its aglycone. It was 
shown to contain 5 units of 2-deoxyribose attached to the 3-position 
of the aglycone. 


Keyphrases 0 Yucca schottii (Li1iaceae)-phytochemical investiga- 
tion, saponin fraction constituents, potential anti-inflammatory 
agents 0 Saponins-from Yucca schottii leaves, separation, poten- 
tial anti-inflammatory agents Anti-inflammatory properties- 
constituents of leaves of Yucca schottii Medicinal plants- Yucca 
schottii leaves, constituents, anti-inflammatory properties 


In a continuing search for the anti-inflammatory sub- 
stances from plant sources, the saponin-containing frac- 
tion of the leaves of Yucca schottii Engelm. (Liliaceae) 
has shown activity in a preliminary screen utilizing a 
procedure (1) involving carrageenin-induced edema in 
rats. The plant’ material used for this investigation was 
collected in Pima County, Ariz., during May 1967. 


A preliminary examination of the n-butanol extract 
revealed the presence of saponins. The partial resolution 
of seven detectable saponins as their acetates was ef- 
fected utilizing a modified dry column chromatographic 
separation (2). Further purification of the saponin ace- 
tates obtained from the column was achieved using TLC. 
The saponins were then regenerated by alkaline hydrol- 
ysis of the respective acetates. 


Each of the seven saponins was acid hydrolyzed into 
its aglycone and sugar moiety. The aglycone of saponins 
I-V and VII was identified as yuccagenin. The sugar 
moiety associated with each saponin was identified as 


Identification confirmed by Robert J. Barr, College of Pharmacy, 
and Dr. Charles Mason, Botany Department, University of Arizona, 
Tucson, Ariz. A reference specimen was also deposited in the University 
of Arizona Herbarium. 


galactose by means of TLC and GLC of the trimethyl- 
silyl ethers. Saponin VI showed a ketone group as 
indicated by the IR spectrum. Its aglycone was identi- 
fied as kammogenin. The sugar moiety associated with 
it was identified as  2-deoxyribose. 


Saponin acetate VI was separated from the other 
acetates by means of Girard’s reagent “T” (3). The 
Girard derivative was acid treated, followed by alkaline 
hydrolysis to yield saponin VI. An elemental analysis2 
indicated that saponin VI contained 5 moles of 2-deoxy- 
ribose and its molecular weight was 1025, corresponding 
to the molecular formula C6aHso020. Methylation of 
saponin VI and subsequent acid hydrolysis yielded 2- 
methoxykammogenin. The glycosidic linkage occurs a t  
the 3-position of kammogenin, as shown by the keto- 
derivative which was obtained by means of an Oppen- 
auer oxidation (4, 5 )  and also by K.illiani oxidation and 
isomerization (6) .  


EXPERIMENTAL3 


Extraction-Five kilograms of the dried leaves of Y.  schottii was 
macerated with approximately 4 1. of hot distilled water for 3 hr. 
The aqueous extract was filtered and evaporated to approximately 
25% its volume. The marc was discarded. The aqueous extract was 
then exhaustively extracted with n-butanol. The butanol extract was 
washed with water saturated with butanol until the Benedict 
reagent test for reducing sugars was negative. The butanol extract 
was evaporated in uucuo until completely dry; 180 g. of essentially 
pure sugar-free saponins were obtained. The yield was 3.6% from 
the dried plant. 


TLC analysis of portions of the saponin-containing extract was 
performed by allowing the lower phase of a chloroform-methanol- 
water (65:25: 10) mixture (7) to ascend, for 24 hr., plates of silica gel 
G4, with a piece of Whatman No. 1 paper attached to their top and 
folded over their backs in order to extend the development time of 


2 Carbon and hydrogen determinations performed by Huffman Lab- 
oratories Inc., Wheatridge, Colo. 


3 Melting points were determined on a Kofler hot-stage apparatus 
and are uncorrected. TLC was carried out on unactivated silica gel G with 
a stationary phase thickness of 0.3 mm. UV spectra were determined in 
ethanol using a Beckman DB spectrophotometer. IR spectra were run 
using KBr pellets on  a Perkin-Elmer infracord model 137. Mass spectra 
were obtained from a Hitachi Perkin-Elmer double-focusing spectrom- 
eter, model RMU-6e. GLC analyses were carried out on a Perkin-Elmer 
gas chromatograph model 880, using 2.5 % SE-30 as  stationary phase. 


1 Merck. 
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each chromatogram. Visualization with ceric sulfate solution showed 
the presence of seven compounds. TLC, performed as described and 
visualized with defibrinated blood, indicated that all seven com- 
pounds were saponins (8). 


Acetylation of Saponin Mixture-One hundred grams of the 
saponin mixture was acetylated by refluxing for 2 hr. with a mixture 
of 200 ml. of pyridine-acetic anhydride (1 : 1). The reaction mixture 
treated in the conventional manner yielded 108 g. of a saponin ace- 
tate mixture (9). 


Separation of Saponin Acetates-Column and Thin-Layer Chro- 
matography-A dry silica gel G column, 1 m. long, and 9 cm. in 
diameter, was packed as described previously (2). Then 15 g. of the 
saponin acetate mixture was chromatographed using ether-petro- 
leum ether (b.p. 30-60")-acetone (9:2: 1). On the basis of 18explora- 
tory samples obtained as described previously(2), the column was cut 
to combine Sections 1-6,7-10,ll-15,16, and 17-18, followed byex- 
traction of the saponin acetates from the silica gel G with acetone. 


Alkaline Hydrolysis of Saponin Acetates-The alkaline hydrolysis 
of each saponin acetate, as described previously (2), yielded pure 
saponin. 


Acid Hydrolysis of Saponins I- Vll-Each saponin was dissolved 
in 10 ml. of a mixture of dioxane-4 NHzSO, (1 : 1) (10). The mixture 
was refluxed for 3 hr. and then 25 ml. of cold distilled water was 
added. The mixture was extracted with three 10-ml. portions of 
ether. The aqueous layer was neutralized with barium carbonate, fil- 
tered, and concentrated to a syrup. The syrup was dissolved in eth- 
anol, filtered, and evaporated to dryness. 


The ether extract of saponin I-V and VII yielded yuccagenin, and 
saponin VI gave kammogenin, identified by means of TLC [silica 
gel G ,  chloroform-methanol-water (188 : 12:1)], IR, melting 
point, and mixed melting point, using authentic samples as refer- 
ence+'. 


The identity of the sugar from the aqueous phase was established 
both by TLC on silica gel G plates developed with chloroform-gla- 
cia1 acetic acid-water (6 :7 : 1) and GLC analysis using arabinose, 
2-deoxyribose, fucose, galactose, and glucose as reference samples'. 
While the sugar moieties of saponin I-V and VII and galactose 
showed identical R j  values, the sugar moiety of saponin VI displayed 
the same R, value as that of 2-deoxyribose. 


Isolation of Saponin Acetate VI with Girard's Reagent "T"- 
A mixture of saponin acetate mixture (80 g.), Girard's reagent "T" 
(160 g.), glacial acetic acid (320 g.), and absolute ethanol (3.2 1.) 
was refluxed for 1 hr., cooled, and poured into water ( 5  1.) containing 
ice (2.5 kg.), ether (2.5 I.), and sodium carbonate (265 g.). The ether 
layer was separated, and the aqueous phase was extracted with addi- 
tional ether (1 1.). The combined ether extract was washed with water 


Acid Hydrolysis of Methylated Saponin VI-Methylated saponin 
VI (3.27 9.) was hydrolyzed by refluxing for 3 hr. with a mixture of 
concentrated hydrochloric acid and ethanol (3 :97). The reaction 
mixture was diluted with water. After evaporation of most of the 
ethanol in the air, it was extracted with ether. After evaporation of 
the ether, the residue was dissolved in benzene and purified by pass- 
ing through a small alumina (grade 111) column. The eluate yielded 
435 mg. of material, which was recrystallized from acetone to yield 
208 mg. of product, m.p. 228-229.5". The mass spectrum had a parent 
peak at 458 m/e and a base peak at 139 mle. This molecular weight 
corresponded to 2-methoxykammogenin. 


Oppenauer Oxidation of 2-Methoxykammogenin-One hundred 
milligrams was dissolved in a mixture of toluene (9 ml.) and cyclo- 
hexanone (1.8 ml.), and the solution was heated to boiling. A solu- 
tion of 100 mg. of aluminum isopropoxide in 0.9 ml. of toluene was 
added. The mixture was refluxed for 60 min., poured into water, and 
made basic with dilutesodium hydroxide.Theorganic layer wassepa- 
rated and the aqueous liquid was extracted with ether. The combined 
organic extract, after evaporation, yielded a residue which was puri- 
fied by column chromatography (alumina, grade 11; eluant, ben- 
zene). Recrystallization from acetone yielded 30 mg. of 3-keto-2- 
methoxy-A4-kammogenin, m.p. 225-227". The IR showed two ab- 
sorption bands at 5.89 (carbonyl at C-12) and 5.95 (conjugated car- 
bony1 at C-3) p. The UV spectrum showed absorption at X z p :  
240 nm. (log e 4.25). 


Killiani Oxidation of 2-Methoxykammogenin-2-Methoxykam- 
mogenin (100 mg.) was treated with Killiani's reagent*. The reaction 
mixture yielded a product which was recrystallized from acetone. 
It had m.p. 179-181 '. The IR showed two absorption bands at 5.81 
(carbonyl at C-3) and 5.89 (carbonyl at C-12) p .  The product did not 
absorb in the UV range. The mass spectrum showed a parent peak 
at 456 m/e, corresponding to 3-keto-2-methoxykammogenin. 


Isomerization of Double Bond of 3-Keto-2-methoxykammogenin- 
3-Keto-2-methoxykammogenin ( 3 3  mg.) was dissolved in 1.9 ml. of 
hot methanol, and 1 drop of 10% methanolic potassium hydroxide 
solution was added. The solution was heated on a steam bath for 5 
min. The reaction mixture was then poured into water, neutralized 
with dilute acetic acid, and then extracted with ether. Evaporation 
of the ether extract and recrystallization from acetone yielded 24 mg. 
of a compound, m.p. 225-227". The IR and UV spectra were identi- 
cal to those obtained for the product of the Oppenauer oxidation. 
The mass spectrum showed a parent peak at 456 m/e, corresponding 
to 3-keto-2-methoxy-A4-kammogenin. 
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Authentic samples of yuccagenin were obtained from Syntex Lab- 


Sugar reference samples were obtained from Aldrich Chemical Co., 


oratories, Palo Alto, Calif. 


Milwaukee, Wis. 


' Kammogenin was isolated from ethanolic extract of Y .  schoftii. 
8 Chromium trioxide (26.72 g.) in concentrated sulfuric acid (23 ml.) 


diluted with water to a volume of 100 ml. 


1666 Journal of Pharmaceutical Sciences 








Rapid Microtiter Method for Cytotoxicity Screening 


ENG-SHANG HUANG*, KUO-HSIUNG LEEt, CLAUDE PIANTADOSIC., 
T. A. GEISSMANS, and JOSEPH S. PAGANO*. 


Abstract 0 A simple, rapid, and inexpensive microplate tissue 
culture method suitable for large-scale cytotoxicity screening is 
described. The test involves the use of several cell lines, normal 
human fibroblasts, laryngeal carcinoma, and virus-transformed 
human cells for the evaluation of the potency of cytotoxicity as  
well as the selectivity for cancerous tissue of a variety of sesquiter- 
pene lactones, plant products, and synthetic compounds. 


Keyphrases 0 Cytotoxicity screening, large scale-simple, rapid 
microplate tissue culture method 0 Antitumor agents, screening- 
simple, rapid microplate tissue culture method 0 Microplate tissue 
culture method--large-scale cytotoxicity screening 3 Sesquiterpene 
lactones-cytotoxicity, microplate tissue culture method 


Recently, tissue culture techniques for cytotoxicity 
tests have been widely used as supplemental tools for 
screening and detecting antitumor agents ( I  -7). The 
reliability and sensitivity of tissue culture cytotoxicity 
tests were evaluated by Eagle and Foley (4), Toplin (7), 
and others ( 2 , 5 , 6 ) .  


Since most investigators have used conventional 
methods for cytotoxicity tests (4-.6), large quantities 
of the test compounds were necessary. Demands of 
space, materials, and time and the probability of con- 
tamination were often complicating factors. Since 
microplate techniques are widely used for cell cloning 
and virus titration, we investigated this reliable tech- 
nique for routine large-scale cytotoxicity screening and 
detection of antitumor compounds. 


This report describes a cytotoxicity test performed 
in a microtest plate in  which different concentrations 
of sample compounds were simultaneously tested 
against different cell lines originating from normal 
human fibroblasts, human laryngeal carcinoma, and 
human cells transformed with the tumor virus Simian 
Virus 40 (SV40). The results obtained by this technique 
for a group of plant products, i.e., sesquiterpene lac- 
tones, and synthetic compounds were presentcd in 
separate papers (8-1 I ) .  


EXPERIMENTAL 


Cells and Media-The stock cultures of HEp-2 human carcinoma 
of larynx', WI-38 normal human fibroblastz, and W18Va2 SV40- 
transformed human cells (12) were grown as  monolayers in 75- 


disposable plastic bottles (Falcon) in a growth medium3. The 
cultures were subcultured once every 2 weeks and refed with fresh 
maintenance medium containing 2% fetal bovine serum twice a 
week. The stock cells were subcultured 5 days before use in the 
cytotoxicity tests and also fed with a growth medium3 before use 
in the test. 


Preparation of Cell Suspensions and Solutions of Test Samples - 
Cell culture sheets were washed with Hanks' solution twice and re- 


' Moore et 01. Obtained from Grand  Island Biological Co. 
? Hayflick and  Moorhead. Obtained from Microbiological Asso- 


Eagle's Minimal Essential .Medium, Grand Island Biological. Co.. 
ciates. 


with 10% fetal bovine serum and 100 mcg./ml. neomycin. 


Table I - h i  Vitro Cytotoxicity Tests of Sesquiterpene Lactones for 
Diploid and Heteroploid Cells 


~ ~~~~~ 


--- ---ED- 10. mcg./ml.------ -- 
CCNSCb 
Screening 


Compound - -- Microtiter Method"--. Data, 
and Reference WI-3gC HEp-Zd W18Va2" K B  Cellf 


Vulgarin (8) 19.23 51.55 16.04 
6 .32  3 .89  Ludovicin A (8) 5.70 


Ludovicin I) (8) 7 .36  7 . S 2  5.68 
Encelin (8) 0.25 0 .92  0 .56  
Farinosin (8) 0 .23  0.60 0 .74  
Xanthinin (8) 0.10 0 .62  0.14 
Helenalin (8, 1 8 ) ~  - 0.08 -- 0 . 2 2  
Damsin (15, 18) 0 .61  - 0.58  
a-Santonin (8, 18) 164.30 - 140.00 
Elephantopin ( 1  6. 18) 0 .48  - 0 .32  
Epitulipinolide (17) -. 1.67 -- 2.10 


n The  ED:o values werc deterniined based upon the rapid microtiter 
method described in this article. * T h e  EDso values of this column were 
based upon the screening data  of the Cancer Chemotherapy National 
Service Center (15-18). 5 WI-38 refers to normal human diploid fibro- 
blasts. d HEp-2 refers to human epidermoid carcinoma of larynx. 
e W18Va3. refers to Simian Virus 40-transformed cells of human origin. 
I K B  refers to human carcinoma of nasopharynx. 0 Further purified 
from a compound previously tested (8). 


moved from the bottles by treatment with 2 ml. of 0.25z trypsin in 
Hanks' solution without magnesium and calcium. The trypsinized 
cells were well dispersed by gentle pipeting in the proper amount 
of growth medium and were then diluted to  a final concentration 
of about l(r cells/nil. The test samples of naturally occurring ses- 
quiterpene lactones or plant extracts, dissolved in dimethyl SUM- 
oxide or proper solvents a t  a concentration of 10 mg./ 
ml., were diluted with the growth medium to  the desired drug con- 
centration: 100 mcg./0.9 ml., 20 mcg./0.9 ml., 10 mcgJ0.9 ml., 
4 mcgJ0.9 ml., erc. 


The concentration should not exceed 0.5x in the final test solu- 
tion; dimethyl sulfoxide is free of obvious toxicity to  the test cell 
lines a t  concentrations below 0.5%. Other nontoxic solvents can 
be used. 


For rapid screening of crude plant extracts, final concentrations 
of 100,20, and 4 rncg./ml. were employed. 


Cytotoxicity Assay with Microtiter Plates- -Microtest plates with 
60 wells, which were nontoxic for tissue c~i l tures~ ,  were used for the 
assays. Each flat-bottom well held about 0.02 ml. The cell suspension 
(0.1 ml., 1 X lo6 cells/ml.) and diluted sample (0.9 ml.) were mixed 
and inoculated into the culture wells with a disposable tuberculin 
syringe fitted with a 22-gauge needle. One drop of the mixture 
(about 0.02 rnl.) was placed in the test well by gently rotating the 
barrel of the syringe. To  keep the inoculated volume constant, the 
syringe should be held at a 30" angle with the beveled edge of the 
needle facing down. The number of cells in each well was about 
200. For a more critical inoculum size, a 2 0 4 .  glass disposable 
micropipets was used. 


For replicate results with the same cells, a series of six wells of 
cell cultures was used for every diluted sample. The control cell 
growth of each cell line without drug treatment was done at  the 
same time with the same cell concentration and the same number 
of wells. All culture plates were incubated in a water-jacketed carbon 
dioxide incubator with 5 %  carbon dioxide at 37" without changes 
of the media. 


4 Falcon No. 3034. 
6 Corning 7099-5. 
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Figure 1-Microscopic appearance of control and assay cells 4-6 days after inoculation. Key: (a)  HEp-2, control (4  days); (b) HEp-2, 
helenah, I mcg.lml. ( 4  days); (c )  W18Va2, control (4 days); (d )  W18Va2, helenalin, I mcg.lml. (4  days); ( e )  WI-38, control (6 days); 
and( f )  WI-38, kelenalin, 0.1 mcg.lml. (6 days). 


For a laboratory without a water-jacketed carbon dioxide in- 
cubator, a Lucite box with a sealable air inlet and outlet can be used 
in a 37" incubator. The test plates are placed horizontally in the 
upper portion of the box and a pan of water is put on the bottom 
to prevent evaporation of the test samples. Carbon dioxide in a 
volume of about 5 %  of the total box volume is blowri into the 
chamber by a balloon. To keep the media close to neutral pH, the 
chamber should be completely sealed and refilled wi1.h carbon 
dioxide after each observation. 


Scale System of Cytotoxicity-All assays were examined daily 
for 1 week with a low power, inverted binocular microscope6. 
Usually at 12 hr. after inoculation a rough estimate of the degree 


of cytotoxicity can be obtained by observing the percentage of cells 
adhering to the plastic plate; however, a precise value is determined 
by a final examination. The cytopathic cells always appear round, 
shrunk, or cytolytic. The surviving cells usually become sheets 
stretching and adhering to the well bottom (Fig. 1). 


Between 2 and 7 days after inoculation, the percentage of the area 
of the bottom surface occupied by adherent surviving cells can be 
roughly estimated. On the day (3-4 days for HEp-2 and W18Va2 
and 6-7 days for WI-38) when the control cells reached 100% con- 
fluence, the average percent of the confluence areas of six assay 
cultures was designated as the degree of assay cell growth. The 
EDso values are used for expressing the cytotoxic potency, which is 
the calculated effective dose that inhibits the net cell growth to 50% 
of control growth. 


For observation of the cytotoxicity for cells with a suspended, 
nonadherent habit, e.g., human Burkitt lymphoma cells [Raji 
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cells (13, 14)], uptake of trypan blue is used for the enumera- 
tion of surviving cells. In this case, the final observation can be 
made 5 days after inoculation. Five microliters of 0.2% trypan 
blue in phosphate-buffered saline solution (pH 7.4) is added to  the 
culture well with gentle mixing and without bubbling; after 30 
min. at  37" the stained cells are counted as surviving cells. The de- 
gree of assay cell growth is obtained by calculating the number of 
surviving cells in the test sample as compared with that of the con- 
trol wells. 


RESULTS AND DISCUSSION 


A large number of compounds, including naturally occurring 
sesquiterpene lactones, synthetic compounds, and plant extracts, 
were tested by this method. Some data were reported previously 
(8-1 1). The results of several representative compounds are sum- 
marized in Table I. 


Figure 1 shows the morphology of the confluent cell sheet of con- 
trol cells (Figs. la, c ,  and e )  and helenalin-treated cytopathic cultures 
(Figs. Ih, d, and f )  4-6 days after inoculation. Heteroploid HEp2 
and W18Va2 control cells grow faster than diploid WI-38 fibro- 
blasts. It only takes 3-4 days for HEp-2 and W 18Va2 to become con- 
fluent; in contrast, it requires 6 7  days for W1-38. The cytopathic 
cell always appears rounded, with vacuole formation or cytolysis, 
and iseasy to distinguish from cells a t  the mitotic stage by a followup 
examination. In this case, the mitotic cell will stretch out and attach 
to the bottle in several hours. 


The value of the degree of cell growth in the assay as compared to 
cell growth in the controls reflects two factors: the amount of cells 
surviving and the rate of surviving cell growth. The criteria for ED50 
of this method are based on the surviving population without 
marked morphological change. The time course of progressive 
cellular degeneration is not emphasized because some compounds 
could not be categorized by the cytotoxicity scale system of Toplin 
(7). Theoretically, the EDoo determined by this method requires a 
lower dryg concentration than the lethal end-point (LE) of Toplin 
and requires higher doses than the IDso of Eagle and Foley (4). 


Assays performed to date indicate that the ED50 of all compounds 
assayed with H E p 2  carcinoma cell lines is higher than that for 
WI-38 normal fibroblasts. Consequently, higher doses of compounds 
are necessary for inhibition of cancer cells in oitro. 


In Table I the data for five selective compounds (helenalin, 
damsin, a-santonin, elephantopin, and epitulipinolide) obtained 
with the microtiter method are compared with the screening data of 
the Cancer Chemotherapy National Science Center (CCNSC). The 
concentration required for the inhibition of growth of tumor cell 
line HEp-2 tested by the present method is not greatly different from 
data for the same agents screened in KB cells by the CCNSC 
program (15-18). The differences in these results may be due to the 
different cell lines, technique, and purity of the compounds. 


The variations in the EDbo from six experiments with the same lot 
of helendlin are 0.089,0.083,0.~1,  0.090,0.089, and 0.078 mcg./ml. 
The standard error is about 6%. The EDSO'S of testosterone from 
two experiments are 0.58 and 0.44 mcg./ml., respectively. The re- 
sults obtained by this microtiter method probably will vary some- 
what, but these results with helenalin indicate that the ED50 de- 
terminations should be within f 15% limits of the mean. 


Dimethyl sulfoxide appears to be a useful, relatively nontoxic 
solvent for many of these rather insoluble compounds. All the test 
samples in this report were readily dissolved in dimethyl sulfoxide. 


Several important factors will influence the observations, such as 
uneven cell distribution, uneven sample size or dilution, and too 
high or too low a pH of the medium, but these factors can be mini- 
mized by careful pipeting and mixing of the cells before distribu- 
tion. The test cells will sediment upon standing and must be dis- 
tributed promptly to prevent large variations in the number of 
cells in each well. 


Beside being simple, rapid, and economical, there are other ad- 
vantages provided by the method. First, it offers a method of direct 
investigation of the selectivity of antitumor compounds against 
normal, carcinomatous, and tumor virus-transformed human cells. 
Also, viruses have become increasingly likely candidates as causal 
agents of tumors, for example, the Epstein-Barr virus in Burkitt's 


lymphoma (13, 14, 19, 20), so the potency of a drug to inhibit the 
growth of virus-transformed cells, such as Raji cells which are 
derived from Burkitt's lymphoma, becomes an  important subject 
for investigation. 


A second advantage is that bacterial and fungal contamination is 
rarely encountered with the microtiter technique, in part because it 
is not necessary to change the culture medium to complete the assay 
and because only a small amount of medium is used for assay. 


A third advantage is that the test requires only a minute quantity 
of test sample and is conducive to large-scale use. Other advantages 
are that the technique facilitates direct comparison of at least three 
variables at different concentrations, it allows replicate results, al- 
most any cell type can be used, and controls are strictly comparable. 
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Intestinal Sorption of Anisotropine Methylbromide in the Rat 


MORRIS PFEFFER’ and JOSEPH M. SCHOR 


Abstract 0 The uptake into the circulation and the binding of an- 
isotropine methylbromide to the intestine and the residuum in the 
intestinal lumen were studied in rats using the acute in vivo intestinal 
loop technique. The presence of food in the intestine decreases the 
uptake rate but has no effect on the total uptake. The sum of drug 
bound to intestinal tissue and that taken into the circulation, over 
the concentration range studied, is a constant 48 2 of the dose ad- 
ministered. Tissue binding is describable by a Langmuir adsorption 
isotherm. I n  vitro everted intestinal sac experiments confirm the 
extent of this binding. The material bound to the intestinal wall is 
released into the lumen of the gut and is unavailable for circulatory 
uptake. There are gradients for both intestinal binding and circu- 
latory uptake, both generally being greater in the anterior portion of 
the small intestine and decreasing in the posterior portion. Neither 
binding nor uptake is correlated with the quantity of protein in the 
intestinal tissue. Bile does not affect circulatory uptake but de- 
creases binding. There is no evidence for the existence of a saturable 
transport process effecting the sorption of this drug. 


Keyphrases 0 Anisotropine methylbromide-intestinal sorption, 
rats 0 Intestinal sorption-anisotropine methylbromide, rats 0 
Sorption, intestinal-anisotropine methylbromide, rats 


The urinary excretion of the quaternary ammonium 
compound anisotropine methylbromide’ (8-methyltro- 
pinium bromide 2-propylvalerate) by humans after oral 
and intravenous administration was reported previously 
(1,2). The present experiments, carried out in rats, con- 
cern several aspects of the intestinal sorption and distri- 
bution of this compound. 


“Drug absorbed” is not just the amount that is re- 
moved from the intestinal lumen and tissue into the 
circulation (3-5) but is, rather, all the drug that passes 
onto, into, or through the lumenal membrane. Reference 
to “drug bound” to  intestinal tissue includes drug ad- 
sorbed onto or absorbed into intestinal tissue without 
prejudice as to  the site of retention. Circulatory uptake 
of anisotropine methylbromide refers to  material lost 
from both the lumen and intestinal tissues, whether 
taken into blood or lymphatic fluid. The material lost 
from the lumen, whether bound to or in the intestinal 
wall or taken into the circulation, is referred to as the 
“drug sorbed.” 


EXPERIMENTAL 


Reagents-Anisotropine methylbromide originated at Endo Lab- 
oratories. Chloroform was of spectrophotometric reagent grade2, 
and crystalline bovine albumin was obtained from a commercial 
source3. All other chemicals were commercial products of reagent 
grade. 


Animals-The studies were performed on 270-330-g. male CFN 
rats4. 


Analytical Methods-Protein was determined by the Henry et at. 
(6) modification of the biuret method, using crystalline bovine albu- 
min as the protein standard. Anisotropine methylbromide was 


t Valpin, Endo Laboratories, Inc. 
2 J. T. Baker Chemical Co. 
3 Nutritional Biochemicals Corp. 
4 Carworth Farms. 


determined by the previously reported picric acid assay method (1). 
in which a water-insoluble dye salt formed between picric acid and 
the quaternary ammonium compound in aqueous solution is ex- 
tracted into chloroform and determined spectrophotometrically. 


Drug Administration-In uivo studies were performed using the 
acute intestinal loop method of Levine et at. (3). A midline incision 
was made in the abdomen of a rat under light ether anesthesia, and a 
section of the small intestine was exposed. A ligature was secured at 
the posterior end of the chosen section of the gut; a 0.63-cm. (0.25- 
in.) 24-gauge hypodermic needle, mounted on a 1-ml. tuberculin 
syringe, was introduced into the anterior end of the section. A liga- 
ture was tied at this point around the small intestine and the needle. 
The solution in the hypodermic syringe was injected; and as the 
needle was withdrawn, the ligature was tightened to maintain the 
seal on the intestinal loop. To ensure reproducibility of dose, the 
syringe was fitted with an automatic stop. The intestinal section was 
returned to the abdominal cavity, and the incision was sutured 
closed. After the rat regained consciousness, it was not allowed ac- 
cess to food or water. At the end of the relevant time interval, the 
animal was reanesthetized, the incision was reopened, and the loop 
was stripped of mesentery, severed on the distal side of each liga- 
ture, and removed. 


The loops always were made long enough to include four mesen- 
teric blood vessels between the ligatures. The anterior ligature was 
located approximately 8 cm. distal to the pylorus. This particular 
loop location was used throughout the studies of the effects of con- 
tact time, feeding, fasting, drug concentration, etc., on sorption of 
anisotropine methylbromide and is referred to as the standard loop 
location. In studies of the anisotropine methylbromide sorption and 
binding gradients in the small intestine, successive loops, each in- 
cluding four mesenteric blood vessels, were isolated along the length 
of the small intestine from the pylorus to the ileocecal junction. 
Sorption in the loop immediately posterior to the pylorus was deter- 
mined with the bile duct both ligated and nonligated. The rats were 
fasted for a period of time sufficient to clear solid matter from the 
desired section of the gut (16-48 hr.). All experimental groups con- 
tained five animals. All fiducial limits presented on experimental 
data are standard errors of the means (SEM).  


In uitro studies of sorption, to  determine whether active transport 
was occurring, were carried out with five everted intestinal sacs 
prepared from 3-cm. sections of rat duodenum, according to the 
method of Wilson and Wiseman (7). There were 2 ml. of serosal 
solution (inside the everted sac) and 25 ml. of mucosal solution (out- 
side the everted sac). Both the mucosal and serosal solutions were 
Krebs improved mammalian Ringer I11 solutions (8), containing 20 
mcg. anisotropine methylbromide/ml. The mucosal solution was 
oxygenated and the system was incubated, with shaking, in a Dub- 
noff metabolic incubator for 1 or 2 hr. at 37” in a 50-ml. conical 
flask under a compressed air flow of 10 ft.3/hr. The serosal and muco- 
sal solutions and the intestinal tissues were separately analyzed for 
methylanisotropinium cation as indicated later. 


Sample Preparation-To determine circulatory uptake by dif- 
ference, an entire loop, both tissue and lumenal contents, was ana- 
lyzed as a whole and the value was subtracted from the amount 
originally injected into the loop. Todetermine the residual drug in the 
lumen of the loop and the bound drug in the intestinal wall, an 
excised loop was cut open and the lumen contents were carefully 
drained, collected, and measured. The mucosal surface was washed 
with 20 ml. of isotonic saline solution, and the washings were com- 
bined with the drained lumen contents. Examination of the mucosal 
surface at 6OX magnification revealed no surface damage. 


The intact loop or washed intestinal wall was then homogenized in 
25 mi. of distilled water using a power-driven Teflon pestle tissue 
grinder. The homogenates were deproteinized by adding, sequen- 
tially, 5.0 ml. each of 7 .22  ZnSOc.7Ht0 and 0.5 N NaOH. The vol- 
ume was adjusted to 50 ml. and the samples were filtered and ana- 
lyzed by the method already indicated. The lumen contents were 
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Table I-Effect of Feeding and Fasting on Circulatory Uptake of 
Anisotropine Methylbromide by the Rat4 


Intestinal 
Contact -Circulatory Uptake, of Dose f SEM- 


Time, hr. Fed Rats Fasted Rats 


0.25 
1 
2 
3 
4 
5 
6 


- 4 . 0  f 0 . 6  
0 14.2 f 3.3 


2.8 f 2 . 2  21.3 f 5.1 
8 . 8  f 0.7 17.4 i 1 . 3  


1 5 . 8  f 1.9 
16.0 f 1.3 - 
17.6 Z!Z 1.0 - 


- 


Anisotropine methylbromide dose: 0.50 mg./loop in 0.50 ml. of 
solution; five rats per experimental group; standard loop location. 


treated with 1.5 ml. each of 7.2% ZnS01.7H20 and 0.5 N NaOH 
and brought to a final volume of 15 ml. before analysis. 


The in uitro everted sac experiment was analyzed similarly. The 
sac was removed from the mucosal solution, and the surface was 
washed with isotonic saline solution which was pooled with the 
mucosal solution. The serosal solution was withdrawn by hypoder- 
mic syringe and the sac was opened. Washings of the serosal surface 
of the sac were pooled with the serosal solution. The intestinal 
tissue was prepared for analysis by the method outlined for deter- 
mination of drug bound in the intestinal wall. The entire serosal so- 
lution and 5 ml. of the mucosal solution were analyzed by the same 
method used for the lumen contents. 


Anisotropine methylbromide tissue recovery standards were run 
through all these procedures. The average recovery was 99.8 f 
0.5%. Tissue extraction blanks were negligible. 


RESULTS 


Because circulatory uptake is determined by difference, i.e., by 
disappearance from the loop, it had to be ascertained that there was 
no metabolic destruction of anisotropine methylbromide in the loop 
during the time period of the experiments. Any such metabolism 
would result in a decrease of drug levels in the loop, which could 
mistakenly be attributed to circulatory uptake. 


Mesenteric blood vessels were stripped away from sections of small 
intestine of fasted rats at the standard loop location and acute in- 
testinal loops were established, containing 0, 0.125, 0.50, and 1.00 
mg. of anisotropine methylbromide, each in quintuplicate. The loops 
were excised and incubated for 1 hr. in 15 ml. of Krebs improved 
mammalian Ringers 111 solution in 50-ml. conical flasks in a Dubnoff 
metabolic incubator at 37" under compressed air at a flow rate of 10 
ft.a/hr. The intact loops were then homogenized in the incubation 
solutions, and the homogenates were processed and analyzed using 
the technique indicated in the Experimental section for a tissue- 
containing sample. The recovery of anisotropine methylbromide was 


0 0.125 0.500 1.00 3 .OO 
ANISOTROPINE METHYLBROMIDE, rng. PLACED IN LOOP 


Figure 1-Sorption of anisotropine methylbromide from acute in- 
testinal loops after 15 min. Key: -@-, total sorption: &, tissue 
binding; and --D-, circulatory uptake. 
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Figure 2-Sorption of anisotropine methylbromide from acute in- 
testinal loops after 2 hr. Key: -@-, total sorption; 4-, tissue 
binding; and -u-, circulatory uptake. 


100 =k 0.3 %. Thus, there does not appear to be any drug loss due to 
metabolism or destruction during analysis. 


The effect of feeding on circulatory uptake was studied with rats 
fasted for 18 hr. prior to experimentation and with rats fed normally 
until experimentation. Standard acute loops containing 0.5 mg. 
anisotropine methylbromide each were analyzed, in the fasted rats, 
at 15 min. and 1,2, and 3 hr. and, in the fed rats, at 1,2, 3,4, 5, and 
6 hr. (Table I). The total circulatory uptake was the same in fed and 
fasted animals, but the uptake was complete at 2 hr. in fasted ani- 
mals in contrast to the 4 hr. required in fed animals. 


A study was performed to determine the effect of intestinal pre- 
incubation on absorption. Loops that incorporated eight mesenteric 
blood vessels (i.e., double length) were established at the standard 
loop location in 12 fasted rats. Six milligranis of anisotropine methyl- 
bromide in 1 ml. of distilled water was introduced into each loop. 
After 2 hr. of incubation in uiuo, the fluid in the lumen was with- 
drawn and a portion of the pooled lumenal fluid was analyzed. The 
anisotropine methylbromide concentration in this solution was 2.31 
mg./ml. Fifty percent of the original content remained, but osmotic 
pressure had caused water to enter the lumen and increased the vol- 
ume of liquid 1.3-fold. Ten 0.5-ml. portions of the pooled, loop- 
incubated solution were reintroduced into 10 fresh single-length 
standard acute loops. Circulatory uptake of the drug from these 
loops was compared to circulatory uptake from 10 loops containing 
0.5 ml. each of freshly prepared anisotropine methylbromide solu- 
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tion, 2.31 mg./ml. The mean uptake per loop from the loops con- 
taining fresh drug solution was 367 f 25 mcg., and from the loops 
containing loop-incubated drug solutions, it was 91 f 21 mcg. Thus, 
approximately 75 of the residual loop-incubated anisotropine 
methylbromide was unavailable for uptake. This could be the same 
type of quaternary ammonium compound unavailability noted by 
Levine et al. (3) and attributed to  binding to intestinal mucin. 


The distribution of anisotropine methylbromide between gut 
tissue and the circulation was examined in loops at the standard 
location while the uptake was proceeding (15 min.) and at the cessa- 
tion of uptake (2 hr.), The anisotropine methylbromide concentra- 
tions were 0.125,0.50, 1.00, and 3.00 mg./loop at both time periods. 
Tissue binding was determined in one set of experiments and circula- 
tory uptake in a repeat set (Figs. 1 and 2). 


At 15 min. (Fig. l), the amount of anisotropine methylbromide 
bound to intestinal tissue followed no isotherm, was consistently 
greater than the amount taken into the circulation, and represented 
a constant 20.1 f 1.0% of the total dosage per loop. At dosages 
above 1.1 mg./loop, the amount in the tissue was greater at 15 min. 
than at 2 hr. These findings probably represent drug in transit 
through the intestinal tissue. 


The total sorption at 2 hr. (Fig. 2) remained constant at 48.0 =k 
0.5% of the dose per loop over the entire dosage range studied. 
The intestinal tissue binding curve in Fig. 2 conforms to the Lang- 
muir adsorption isotherm (10). The calculated maximum retention 
capacity is I .3 x 101 pmoles of methylanisotropinium cation/g. 
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Figure 5-Gradient of circulatory uptake of anisotropine methyl- 
bromide from the rat small intesiine. Key: --, circulatory uptake 
(values on left axis): all other symbols are as indicated for Fig. 4 .  


Table JI-Effect of Ligation of the Bile Duct on Tissue Binding 
and Circulatory Uptake of Anisotropine Methylbromide in the 
Immediately Postpyloric Acute Loop" 


~ ~ ~~ ~ 


Circulatory Tissue Lumen 
Uvtake. Binding. Residue. 


Bile Duct mcg./cm. 'f mcg./g.-& mcg./cm. & 
Treatment SEM SEM SEM 


Ligated 48.5 =k 7.7 83.1 zk 17.0 88.8 f 1 . 3  
Nonligated 49.0 =k 9.4 <0.28 98.8 =t 0.4 


~ 


Q Anisotropine methylbromide dose: 0.50 rng./loop in 0.50 ml. of 
solution; five rats per experimental group; time: 2 hr. 


tissue, wet weight (2.4 pmoles/g. protein). Paton and Rang (11) 
reported the existence of three species of binding sites for methyl- 
tropinium cation in guinea pig intestinal muscle which have maxi- 
mum retention capacities of 0.93 X 2.4 X and 1.1 X 
10-l pmole/g. protein. Therefore, most of the methylanisotro- 
pinium cation that was found bound to rat gut was almost certainly 
not bound to muscle. The compound may be adsorbed to material 
exterior to, but intimately associated with, the intestinal tissue as 
well as to intestinal tissue per se. 


The results of the everted sac experiment confirmed the degree of 
binding to intestinal tissue. The distribution had reached equilibrium 
by I hr. and was essentially identical to the 2-hr. results. The final 
concentrations in mucosal and serosal solutions were 17.1 & 0.8 
and 13.2 =t 0.4 mcg./ml., respectively, both lower than the initial 20 
mcg./ml. in both the rnucosal and serosal solutions. If there were a 
transport process, one might expect the serosal concentration to be 
greater than the rnucosal concentration once the tissue was satu- 
rated, but the reverse was found. The binding was 30.4 f 1.7 mcg./ 
g. tissue (wet weight), which explains the lowered concentrations in 
the final solutions compared to the initial values. 


The relatively large amount sequestered in the intestinal tissue 
raised the question of the fate of this material. A longer experiment 
was carried out to follow the time course of distribution of 0.50 mg. 
of anisotropine methylbromide in standard loops in fasted rats for 
6 hr. Circulatory uptake was determined in one set of experiments, 
and tissue binding and residual lumenal anisotropine methylbromide 
were determined in another identical set of experiments. The results 
are plotted, as percent of total dose versus time, in Fig. 3. The re- 
sults of the shorter term circulatory uptake experiment were con- 
firmed; i.e., the uptake continued until 2 hr. and thereafter ceased. 
Binding achieved its maximum level at 1 hr., remained constant 
until 3 hr., and then fell. It was still falling at 6 hr. The lumenal 
content fell for the first 2 hr. and rose concomitantly with the de- 
crease in bound material. It can be concluded that the anisotropine 
methylbromide which remained bound was unavailable for circula- 
tory uptake and could only be released back into the gut lumen. 
The decrease in lurnenal content of anisotropine methylbromide 
proceeded exponentially, with a 54-min. half-life, during the first 2 
hr. of contact, indicating that total sorption (binding plus circula- 
tory uptake) proceeds according to first-order kinetics. The decrease 
in the drug content of the entire acute loop (lumen plus tissue) was 
tested for conformity to a kinetic description but was not found to 
fit any up to a 12th-order reaction. 


Figures 4 and 5 present the respective gradients for tissue binding 
and circulatory uptake throughout the rat small intestine. The 
points on the abscissa represent the midpoints of the successive 
loops. Since the segments were chosen to include four mesenteric 
blood vessels, they were necessarily of unequal lengths. The data in 
Fig. 5 were normalized by reporting them in terms of micrograms 
per centimeter of segment length. The circulatory uptake (Fig. 5 )  
was quite high in the first 3 4  cm. of the small intestine and then fell 
to a lesser, relatively constant level. The values given in both figures 
for the first segment represent the situation when the bile duct was 
ligated. The protein content of the intestinal segments is included 
in both figures, No correlation is apparent between binding to  
intestinal tissue or circulatory uptake of anisotropine methylbromide 
and the protein content of the segments. 


The tissue binding and circulatory uptake in the loop immediately 
posterior to the pylorus, at 2 hr., were compared with the bile duct 
ligated and nonligated (Table 11). Circulatory uptake was the same 
whether or not the bile duct was ligated, but tissue binding dropped 
below the level of detectability when the bile duct was nonligated. 
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Table III-Effect of Ox Bile on Tissue Binding and Circulatory 
Uptake of Anisotropine Methylbromide from an Acute Loop" 


DISCUSSION 


Circulatory Tissue Lumen 
Exogenous Uptake, Binding, Residue, 


Present SEM SEM SEM 
Biles mcg./cm. =t mcg./g. f mcg./cm. =t 


No 16.0 f 1.0 282 f 60 46.2 f 2.9  
Yes 14.4 f 3.3 151 f 26 59.5 f 7 . 2  
t 0.46 3.76 - 


>O. 5 <0.01 - P 
~ ~ ~ ~ _ _ _ _ _  


a Anisotropine methylbromide dose: 0.50 mg./loop in 0.50 ml. of 
solution; five rats per experimental group; standard loop location; time: 
2 hr. a,"Bile for bacteriological use" (Nutr,itional Biochemicals Co.) 
reconstituted as a lO%,(w/v) aqueous solution. Each 0.5 ml. of drug 
solution in a loop contained 0.05 ml. of this bile solution. 


When ox bile was added to an intestinal loop in the standard loca- 
tion for 2 hr. (Table 111), there was no significant difference in 
circulatory uptake in the presence and absence of bile but tissue 
binding was again significantly greater ( p  < 1 %) in the absence of 
bile. 


The addition of an exogenous phosphatidopeptide fraction 
to acute intestinal loops in rats was reported (12) to in- 
crease the circulatory uptake of the quaternary ammonium com- 
pound, and it has been suggested that endogenous phos- 
phatidopeptide fraction may normally serve to enhance the 
transport of quaternary ammonium compounds. A quaternary am- 
monium compound carrier such as phosphatidopeptide fraction 
could only be present in finite amounts, and it is characteristic of 
such saturable systems that, whether or not active transport is 
occurring, their behavior is describable by Michaelis-Menten ki- 
netics (14, 15). The data for circulatory uptake and total sorption at 
15 min. are presented as a double reciprocal plot in Fig. 6. The plot 
for total sorption is linear, while the plot for circulatory uptake is 
hyperbolic. Neither indicates any limiting maximum level of aniso- 
tropine methylbromide uptake or sorption. 


0 1 2 3 4 5 6 7 8  
1/IS1 


Figure 6-Lineweaver-Burk (double reciprocal) plot of circulatory 
uptake and total sorption of anisotropine methylbromide from rat 
acute intestinal loops. Key: S ,  milrigrams per loop; v, rate of uptake 
or sorption, milligrams per minute; -@-, circulatory uptake; and 
+, total sorption. 


Response to quaternary ammonium compounds in humans is less 
in fed than in fasted subjects (16, 17), which would imply either less 
absorption or a slower rate of absorption in the fed individuals. A 
slower rate of absorption in fed subjects would be consonant with 
the findings in the rat. A slower uptake rate in the fed human could 
cause a slower rise to effective levels at the ultimate active receptor 
site, or the prolongation of uptake time in fed subjects could be 
sufficiently long so that potentially absorbable drug passes away 
from the absorptive sites in the intestine. 


The observation that the overall binding capacity of the rat in- 
testinal tissues for methylanisotropinium cation is at least 1000-fold 
greater than the maximum binding capacity of guinea pig intestinal 
muscle for methyltropinium cation (1 1) is suggestive of a great deal 
of nonspecific binding. The most direct evidence bearing upon this 
is the effect of bile which, when incorporated into acute loops, has 
no effect on circulatory uptake but does significantly decrease the 
total intestinal sorption because of the decreased degree of binding. 
These results are in contradiction to those of Cavallito and ODell 
(18), according to whom coadministration of cholic acid (a bile 
acid) and bisquaternary hypotensives in dog intestine enhanced 
pharmacological response to  the hypotensives, implying an increase 
in total circulatory uptake or in the rate of uptake. Our results 
conform more to the finding of Levine and Pelikan (19) that the 
absorption of benzomethamine into the circulation is not enhanced 
by rat bile. The likeliest explanation for the decrease in binding 
seen with bile is the solubilization of material normally adhering 
to the lumenal surface of the intestine which could bind the quater- 
nary ammonium compound, probably mucus. It is also possible that 
anisotropinium cation could combine with anionic bile constituents 
with a greater affinity than it has for binding sites in or on the in- 
testine. It appears likeliest that most of the anisotropine methyl- 
bromide is bound to material adherent to, but exterior to, the in- 
testinal tissue. This would account for the release of bound material 
back into the intestinal lumen. Presumably, the presence of bile 
hastens this release. 


The data on anisotropine methylbromide uptake into the circula- 
tion cannot be fitted to any extant model of absorption by facili- 
tated or active transport but seem to conform to the hypothesis of 
Kakemi et at. (20-22) that binding to  the intestinal mucosa is the 
determining step in the absorption of drugs from the small intestine; 
only bound material could be absorbed. The sorption would occur 
as a first-order, presumably passive, process. At 15 min., the amount 
of bound anisotropine methylbromide in a loop was a constant 
20% of dose at all dose levels investigated. While some portion of 
the bound material would then be further taken up, again by a pre- 
sumably passive process, to complete the absorption process, an- 
other portion would be bound to acceptor sites with relatively high 
affinity for quaternary ammonium compounds and remain at those 
sites. Eventually, as indicated by the data, most of this tightly bound 
material would be released back into the lumen in a nonbinding, 
nonabsorbable form. The circulatory uptake of anisotropine methyl- 
bromide could be described as the constant proportion of dose ini- 
tially bound less the tightly bound amount, which can, in turn, be 
described by an adsorption isotherm. This can be seen in the fact 
that the tissue-bound anisotropine methylbromide at 15 min. was 
a constant 20% of administered dose, i.e., it did not fit an adsorption 
isotherm. At 2 hr. the amount of tissue-bound material decreased 
and did fit an adsorption isotherm. Also, circulatory uptake ceased 
at 2 hr. Only material which remained tissue bound at 2 hr., at the 
cessation of circulatory uptake, was released back into the gut 
lumen. Therefore, a portion of the material tissue bound at 15 min. 
must be finding its way into the circulation. 
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Antitumor Alkaloids from Cephalotaxus harringtonia: 
Structure and Activity 


R. G. POWELL’, D. WEISLEDER, and C. R. SMITH, Jr. 


Abstract 0 Cephalotaxine and several of its esters were isolated 
from Cephalotaxus harringtoniu K. Koch var. harringtonia. Although 
cephalotaxine is inactive, harringtonine, isoharringtonine, homo- 
harringtonine, and deoxyharringtonine have shown significant 
activity against experimental P388 leukemia and against L-1210 
leukemia in mice. 


Keyphrases 0 Cephulotuxus harringtoniu alkaloids-structure, 
antitumor activity Harringtonine, isoharringtonine, homoharring- 
tonine, deoxyharringtonine-antitumor activity 0 Antitumor al- 
kaloids from Cephalotuxus hurringtoniu-structure, activity 0 NMR 
spectroscopy-identification, Cephalotaxus alkaloids 


In a search for tumor inhibitors of plant origin, an 
alcoholic extract of the seed of Cephalotaxus harring- 
tonia var. drupacea (Sieb. & Zucc.) Koidzumi’ showed 
activity against lymphoid leukemia L-1210 and P388 
leukemia in mice2. Subsequent fractionation of the 
seed extract and of an extract obtained from C. harring- 
tonia (Forbes) K. Koch var. harringtonia cv. Fastigiata 
(entire plants) revealed four alkaloids with significant 
antitumor activity (1). The active Cephalotaxus alka- 
loids are esters of cephalotaxine (I) ; these include 


1 Cephalotaxus plant materials were received from Dr. Robert E. 
Perdue, Jr., U. S. Department of Agriculture (USDA), Beltsville, Md., 
under a program developed with.USDA by Drug Research and De- 
velopment, National Cancer Institute (formerly the Cancer Chemo- 
therapy National Service Center). 


2 Assays performed under Drug Research and Development auspices. 
Procedures are described in Cancer Chemother. Rep., 25, l(1962). 


harringtonine (II), isoharringtonine (HI), homoharring- 
tonine (IV), and deoxyharringtonine (V). 


DISCUSSION 


Paudler er at. (2) first isolated cephalotaxine, and their work indi- 
cated that two partial structures were possible. Subsequent in- 
vestigations by other workers, using a combination of NMR (3) 
and X-ray crystallographic (4) techniques, revealed that cephalo- 
taxine has the structure indicated here (I). We have now char- 
acterized the active antitumor alkaloids 11-IV and report test data 
for these and several related alkaloidsa. 


The NMR spectra of alkaloids 11-V yielded initial evidence that 
these compounds are esters of cephalotaxine. This conclusion was 
based primarily on a comparison of their NMR spectra with the 
NMR spectra of cephalotaxine and acetylcephalotaxine (VII, Table 
I). If one disregards signals attributed to the R group, the NMR 
spectra of the cephalotaxine esters are nearly identical. The number 
and nature of free hydroxyl groups in alkaloids I-1V were indicated 
by NMR spectra of dimethyl sulfoxide-ds solutions befare and after 
deuterium oxide exchange (5). In the mass spectra of these alka- 
loids, the strongest ion (base peak) is at m/e 298 (C1~H2~NO3). This 
ion corresponds to cephalotaxine minus the appropriate R group. 


Transesterification of alkaloids 11-IV (sodium methoxide- 
methanol or sodium ethoxide-ethanol) gives alkaloid I, along with 
the corresponding dimethyl or diethyl esters (VIII-X or XII-XIV). 
Structures of Compounds VIII-X were deduced from NMR and 
mass spectral data. 


Significant features of the NMR spectra of dimethyl esters VIII 
and X (see Experimental section for chemical shift assignments) are 


a The previously used numbering for the cephalotaxine ring system 
was revised. The revised numbering corresponds closely to that com- 
monly used for the erythrina series of alkaloids. 
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Table 111-Assay Results on Belladonna Alkaloids on 
Preparation D Using Procedure 7 


Assay Recovery, 


1 
2 
3 
4 


99.7 .. . .  


100.3 
101.2 
99.2 


Average 100.1 
Average deviation =to. 65 


Procedure 7-Take 25 ml. of the suspension, add 12.5 ml. of 
concentrated hydrochloric acid, and heat to boiling on a hot plate. 
Cool, filter, wash the residue with 3 X 10-ml. portions of distilled 
water, and combine with the filtrate. Adjust the pH of the filtrate to 
approximately 7.0 with 3.5 N sodium hydroxide solution and bring 
the volume to 100 ml. Take a 5 4 .  quantity of this solution and 
assay according to Procedure 1. The results are presented in Table 
XI. 


Preparation D was assayed four times using Procedure 7. The 
results are presented in Table 1x1. 


DISCUSSION 


The results of these investigations (Tables I and 11) indicate that 
all three belladonna alkaloids are strongly adsorbed on the surface 
of magnesium trisilicate. It was impossible to desorb and determine 
the alkaloids quantitatively with 0.1 N hydrochloric acid or other 
modified procedures (see Procedures 1 through 6). The only method 


that made them completely available for determination was boiling 
with concentrated hydrochloric acid. After desorption, the alkaloids 
could be easily determined using a dye method. As far as various 
antacids are concerned, the results of these investigations do not 
indicate adsorption of alkaloids on the surface of aluminum hy- 
droxide gel as reported by Grote and Woods (3). On the other hand, 
the results are in agreement with those of Blaug and Gross (4) 
who reported strong adsorption of anticholinergic drugs on the 
surface of magnesium trisilicate. The method (Procedure 7) is 
recommended for complete desorption of belladonna alkaloids for 
analysis. The average assay result on Preparation D was 100.1 f 
0.65 (Table 111). 
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Quantitative Determination of D-Dopa Present in 
Levodopa Sampled 


G. COPPI, A. VIDI, and G. BONARDI 


Abstract 0 A method for the assay of D-dopa present in L-dopa 
samples is reported. The method is based on the ability of an L- 


Keyphrases 0 D-Dopa-analysis in levodopa formulations, levo- 
dopa biotransformation to dopamine, separation, fluorometry 0 
metric analysis of D-dopa 0 Dopamine, biotransformation prod- 


L-Amino acid decarboxylase transformation of levodopa to do- 
pamine-analysis of D-dopa in levodopa formulations 0 Column 
chromatography-separation of D-dopa and dopamine 0 Fluo- 
rometry-analysis, D-dopa 


amino acid decarboxylase, preseilt in a Srrepfococcus faeculis sus- Levodopa biotransformation to dopamine-separation, fluoro- 


pension, to convert quantitatively L - ~ O P ~  to dopamine while D- uct of ~evodopa-ana~y~~s of D-dopa in levodopa formulations 0 
dopa remains unchanged. The latter is separated from dopamine 
by an ion-exchange resin and subsequently assayed according to a 
fluorometric method. Contaminant amounts of D-dopa present in 
L-dopa samples can be detected. 


The presence of D-dopa in levodopa (L-dopa) samples, 
always possible as a result of the synthetic process, is 
undesirable in  the therapy of Parkinson’s disease be- 
cause it has been well established that the D-enantiomer 
of P-(3,4-dihydroxyphenyl)-a-alanine is biologically in- 
active and displays toxic side effects (1-3). As a conse- 
quence, the quantitative determination of D-dopa in 
L-dopa samples is of considerable importance. At the 


moment, a quantitative separation of the two isomers is 
possible only by liquid chromatography methods (4). 


The present authors studied a specific method for 
determining the contaminant amounts of D-dopa present 
in L-dopa pharmaceutical preparations. This method is 
based on the ability of an L-amino acid decarboxylase, 
present in a Streptococcus,faecalis suspension, to convert 
L-dopa into dopamine while D-dopa remains unchanged. 
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Table I-Determination of D-DOpa in Standard Preparations 
~~ 


D-Dopa Founda----- 7 


Standard Preparations mg. :4 


L-Dopa, 95.000 mg. + D-dopa, 5 .000  mg. 4.950 99.00 


L-Dopa, 99.375 mg. + D-dopa, 0.625 mg. 0.619 99.04 
L-Dopa, 99.688 mg. + D-dopa, 0.312 mg. 0.304 97.43 


L-Dopa, 97.500 mg. + D-dopa, 2.500 mg. 2.570 102.80 
L-Dopa, 98.750 mg. + D-dopa, 1.250 mg. 1.310 104.80 


Mean i SD 100.61 i 1.37 


a Values represent average of three determinations. 


The latter is then separated from dopamine by column 
chromatography and subsequently assayed fluorometri- 
cally. 


EXPERIMENTAL 


Preparation of S. faecalis Suspension-The bacteria used for the 
enzyme preparation were S. ,fnecalis R’, S. ,faecalis D.A.Z, and S. 
farrulis liquqfacieris NCTC 2705. The mentioned strains were grown 
under anaerobic conditions and maintained by weekly subculture 
on 20: agar nutrient medium containing 1% glucose, I Bacto- 
casamino acids2, 0.1 ”,; Bacto-yeast extract3, 0.1 L-tyrosine, and 
0.0001 of pyridoxine. The culture was incubated, after inoculation, 
at 37 ’ for 18 20 hr. and stored at  4”.  The S. faecalis suspension 
containing the L-amino acid decarboxylase induced by the presence 
of L-tyrosine i n  tlie nutrient medium was prepared by inoculating 
the bacteria from the agar culture medium in 10 ml. of the same 
medium without agar and incubating at  37” for 18-20 hr. The or- 
ganisms were separated from the medium by centrifugation at  700 
g, washed two times with sterile physiological saline solution, and 
finally suspended in a sufficient amount of the same solution to  ob- 
tain a 107; transmittance at 625 nm. This suspension was imme- 
diately used. 


Enzymatic Reaction-In a test tube (26 X 110 mm.) fitted with a 
cap and equipped with tubes (2 mm. id . )  for the bubbling of nitro- 
gen ( 2  hubbles/sec.), 3.0 ml. of the S. ftrecalis suspension, 2.0 ml. of 
L-dopa (2 mg./ml. as a solution in 0.2 M acetate buffer, pH 5 3 ,  and 
I .O nil. of pyridoxal5-phosphate (20 mcg./ml. as a solution in 0.2 M 
acetate buffer. pH 5.5) were added. Nitrogen was used either to ob- 
tain anaerobic conditions or to keep the bacteria in suspension. The 
mixture was incubated in a water bath a t  30” for 5 hr. and centri- 
fuged at 70,000 g for 30 min., and the supernate was separated. 


Separation and Assay of D-DOpa-one milliliter of the supernate 
was loaded into a column (7 X 40 mm.) containing an ion-exchange 
resin4 previously washed with 20 ml. of 2 N HCI, 5 ml. of water, 
10 ml. of 1 M acetate buffer (pH 6.0), and 5 ml. of water. A 0.2-ml./ 
min. volume rate was used for all elution phases. The column was 
eluted with 0.05 M phosphate buffer (pH 6.0). A final volume of 10 
ml. eluate was collected. The eluate was used for the fluorometric 
assay of D-dopa according t o  Anton and Sayre (5). The residual 
dopamine was removed from the column by elution with 15 ml. of 
2 N HCI. The acidic solution was evaporated to  dryness iti oacuo, 
and the residue was dissolved in 0.5 M phosphate buffer (pH 7.0) 
for the fluorometric assay5 ( 5 ) .  The excitation and emission spectra 
were 330 and 380 nm. and 333 and 380 nm. (uncorrected data) for 
dopa and dopamine, respectively. 


Chromatography-Samples of pure dopa and dopamine in com- 
parison with an aliquot (100 111.) of the supernate derived from the 
enzymatic reaction were applied on precoated glass plates6. The 
plates were developed with the solvent system of ti-butanol-acetic 
acid-water (4: I : 5 )  in a chromatographic chamber oversaturated 
for 4 hr .  The plates were removed after 16 hr., dried, and sprayed 
with 4“; potassium ferricyanide (as a solution in 0.05 M phosphate 
buffer. pH 6.0). The R,  values of dopa and dopamine pure standards 
were 0.30 and 0.50, respectively. 


I Sankyo Chemical Industries Ltd. 
’! Dc Anrreli Institute. 
a Difco. 
* Anibcrlite IRC 50. 


For the fluorometric assay. a model MPF-2A soectrouhotofluo- 
rometcr (Hitachi, Ltd.) was u&d. 


TLC plates, silica gel F?,j, Merck. 


RESULTS AND DISCUSSION 


The induction of an L-amino acid decarboxylase in S .  ,fncmtlis 
occurred as a result of the incorporation of L-tyrosine in the medium 
according to the experimental conditions. Probably the induced 
enzyme is the L-tyrosine dccarboxqlase (4. I .  I .25) which reacts on 
L-tyrosine and on L-dopa ( 6 ) .  The results of the enzymatic induction 
were ascertained by determining the enzymatic conversion caused by 
the organism with both i.-tlopa and  dopa and by the subsequent 
chromatographic assay. For our purposes, a microbiological 
organism source was considered suitable when it was able to trans- 
form quantitatively L-dopa to dopamine without transforming D- 
dopa after induction with 1.-tyrosine. 


Micrococcus pyogcws  var. uiirc’iis ATCC 6538 P, Bacillris siibtilis 
ATCC 6633, Esclierirliirr coli McLeod ATCC 10536. Salrnotiellu 
ryplii T30 Roma M 507. Ltirtohacilli is cmri ATCC 7469, and Lncto- 
bacillus nrabitiosus ATCC 8014. when assayed according to  the same 
experimental conditions, wcrc inactive. S. /irc,ctilis (Sup. San. Inst. 
1054, Weidbrige 775. I’asteur Inst. 5433, and 2 I’, respectively) strains 
were partially active. 


S. ,faecalis R, S. f i iw r i l i s  D.A., and S. ,/iicmli.s 1iqriej;icieris NCTC 
2705 strains satisfied the requirements and consequently were used 
interchangeably. When incubated with purified L-dopa (7). these 
strains transformed it quantitatively to dopamine. The purified 
D-dopa was not transformed to dopamine. Therefore, with this 
method it is possible to assay contaminant amounts of D-dopa 
present in L-dopa samples. I t  should be emphasized that, in the 
proposed method, a large amount of dopamine which was enzymati- 
cally converted from do dopa did not interfere with the separation 
and the assay of D-dopa. According to  the csperiniental conditions, 
D-dopa recovery from the column was 95 3~ 3 ” < ; .  


The good reproducibility of the proposed method is shown in 
Table I, where the determinations of D-dopa in standard prepara- 
tions are reported. 
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Dehistaminization of Organ Extracts by 
Ion-Exchange Chromatography 


SILVIA TARTARINI 


Abstract 0 A method for the dehistaminization of organ extracts 
was studied using ion-exchange column chromatography. Resin 
A, a methacrylic polymer, was found to be the most efficacious 
resin used in the study. However, Resin C, another methacrylic 
polymer, gave a high yield since its retention of natural histamine 
was total while retention of other substances was negligible. Resin 
C, therefore, was well adapted to the preparation of organ extracts 
as well as to the analytical determination of histamine concentra- 
tion. 


Keyphrases 0 Dehistaminization-biological extracts 0 Extrac- 
tion-using ion-exchange chromatography 0 Resins-preparation, 
capacitance, regeneration, efficacy, comparison 


Histamine, an amine base, is present in all organic 
liquids and tissues of an organism in the active free 
form as well as combined with certain compounds hav- 
ing acidic functions. Histamine can provoke smooth 
muscle contraction and capillary dilation which, if 
diffuse, can result in arterial hypotension and collapse. 
Increased cellular and capillary permeabilities resulting 
from histamine action cause plasmatic transudation and 
edema. An innocuous yet complete dehistaminization 
process for injectable organ extracts is required if these 
complications are to be avoided. 


The chemical methods applied for dehistaminization 
of solutions, homogenates, and organic liquids can be 
divided into two types: (a)  extraction by means of 
organic solvents, and (b) chromatography by means of 
adsorption on columns or by ion exchange. 


Belonging to the first type are the methods of ex- 
traction using methanol (l), ethanol (2), and butanol 
(3, 4). Such extractions, however, are investigative and 
do not always give satisfactory results. More interesting 
and more applicable to the dehistaminization of bio- 
logical extracts are the methods based on adsorption 
and ion exchange. 


In 1923, Whitehorn (5) used synthetic zeolites as a 
means of removal of some amines; they were found to 
be capable of fixing 100 mcg. of histamine/g. of syn- 
thetic zeolite (6 ,  7). The synthetic zeolite adsorbs 
histamine and other amines, in the pH range of 3-5, 
almost quantitatively (8, 9). 


Good results also were obtained in dehistaminization 
using charcoal (lo), gel filtration with Dextran G 25 
(1 I), and cation exchange with Dextran SE (12). 


The ion-exchange resins, cationic in their acid forms, 
have the capacity to remove histamine quantitatively. 
The most frequently used exchanger, cotton acid suc- 
cinate, is optimal in the retention of histamine but is 
not available on the market (13-15). It is best to use 
a weak cationic resin' which, when used in its sodium salt 


1 Amberlite IRC-50, Rohm & Haas Co. 
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form, has a much higher activity (16, 17). 
Starting with these premises, the author studied a 


method for the dehistaminization of biological extracts 
by means of ion-exchange chromatography which is 
efficient and causes a minimal alteration of extract 
composition. The resins selected for the experiments 
were all of the weak cationic type: methacrylic, carbox- 
ylic, and phenolic forms. This type of resin is, in fact, 
most selective for histamine (18). For purposes of com- 
parison, a strong sulfonic cation and a synthetic zeo- 
lite were incorporated into the study. 


In each case, saturation tests of the resin with stan- 
dard histamine were performed prior to successive con- 
trols by means of bidimensional paper chromatog- 
raphy. The quantity and quality of amino acids even- 
tually adsorbed by the resin from hepatic extracts of 
medium concentration were thus determined. 


MATERIALS AND METHODS 


Resins-The resins utilized in the experimentation are reported 
in Table I. 


Regeneration of Resins-Resin D-The resin was treated with 2 
M HCI for 2 hr. under agitation. A successive washing with de- 
mineralized water t o  remove all chlorides was followed by a 2-hr. 
treatment in 0.68 M acetic acid. After exhaustion of the resin, it 
was washed first with water and then with a saturated solution of 
sodium chloride until a clear supernate was obtained. The resin 
was then treated with 2 M ammonia to  eliminate the bulk of ad- 
sorbed impurities. It was then regenerated using hydrochloric acid 
and acetic acid in the manner already described. 


Resin C-The resin was treated with hydrochloric acid and acetic 
acid in the manner described for Resin D. In the case of tests per- 
formed with a resin having an optimal pH of 6.5, the treatment of 
acetic acid was followed by a treatment with 1 M NaOH for 2 hr. 
under agitation. The resin was then washed twice with water and 
buffered with 0.05 M sodium phosphate buffer (pH 6.5). The resin 
was then washed twice with water, using two volumes of water to 
one volume of resin in each washing. After exhaustion, the resin 
was washed with water and then with a saturated sodium chloride 
solution. It was then washed a third time with 2 M ammonia until 
the original brilliant white color returned. The resin was then re- 
generated in the manner already described. 


Resin B-The resin was treated for 2 hr. with 2 M HCl. I t  was 
then washed until all chlorides were removed. After a treatment 
with 1 M NaOH for 2 hr., it was washed to  a pH of 7 with water, 
treated with 2 M HCl for 1 hr., and then washed to a pH of 5 with 
water. The entire cycle was repeated two or three times, stopping in 
the final phase at  the hydrochloric acid washing. 


Resin A-The resin was treated with 0.5 M H&Oa for approx- 
imately 1 hr. It was then washed with demineralized water to a 
pH of 5 .  A subsequent treatment with 1 M NaOH for 1 hr. was 
followed by washing with demineralized water t o  a pH of 7. It was 
then buffered with 0.05 M sodium phosphate buffer (pH 6.5) for 
1 hr. and washed three times with water. Three volumes of water to 
one volume of resin were used for each washing. 


Resin E-The resin was treated with 0.68 M acetic acid under 
agitation and boiled for 3 min. It was then decanted to remove 
the fine residue and dried at  80". After exhaustion, the resin was 
treated with 2 M ammonia to  remove impurities. It was subse- 
quently treated with acetic acid in the manner already described. 







Table I-Resins Utilized in Dehistaminizations 


Resin 


Total Exchange 
Capacity, 
meq./ml. 


Type of Polymer Functional Group Type Resin Wet Resin 


Resin A” Cross-linked -COOH Weak acid 3.50 


Resin Bb Cross-linked -SOJH Strong acid 1.90  


Resin Cc Cross-linked -COOH Weak acid 3.00 


Resin Dd Phenolic -OH, Weak acid 1 .oo 
Resin Ee Sodium alumino- Silico-aluminic Weak acid 0.53 


methacrylic 


polystyrene 


methacrylic 


-COOH 


silicate acid 


a Amberlite IRC-50, Rohm & ,Haas Co. b Amberlite IR-120, Rohm & Haas Co. c Zeokarb 226, Permutit Co., Ltd. d Zeokarb 216, Permutit 
Co., 1,td. c Decalso (synthetic zeolite), Merck Darmstadt. 


Determination of Histamine-The determination of histamine 
was made using the fluorometric method of Shore et a/. (3). The 
capacity tests were performed using standard histamine dichlor- 
hydrate2. In the tests on biological extracts, histamine was deter- 
mined using a biological method (in which guinea pig ileum was 
used) as well as the fluorometric method of Kremzner and Wilson 
(19). 


Chromatographic Determination of Amino Acids in Dehistaminized 
Extracts with the Resins-The technique of bidimensional paper 
chromatography was employed utilizing the following mobile 
phases: first phase-butanol-glacial acetic acid-water (80:20 : 20 
ml.); and second phase-phenol-water (75 : 25 8.). For visualiza- 
tion, 0.019 M ninhydrin in a 0.68 M glacial acetic acid in butanol 
solution was employed. The chromatograph was sprayed and 
heated in a 60” oven for 30 min. The evaluation of the spots was 
made using the visual comparison method of Ganshirt (20). 


Charge Tests of the Resins--Four grams of the resin under study 
was exposed to increasing concentrations of histamine in aqueous 
solution and maintained in agitation for 30-60 min. at room tem- 
perature. At the end of this time, the quantity of histamine residue 
in the supernate was measured fluorometrically. From these data, 
the “histamine adsorption capacity” (or “capacitance”) of each 
resin was determined; that is, the maximum quantity of histamine 
adsorbed per gram of resin used. The charge and capacitance tests 
were performed using standard histamine in the dichlorhydrate 
form and were reported as base histamine. 


RESULTS 


Table I1 shows that Resin A demonstrated the highest efficacy in 
the capacitance tests. The order of decreasing capacitance for the 
remaining resins is: Resin C in the sodium salt form at pH 6.5, 
Resin B, Resin C in the acid form at pH 4, and Resin D. 


From the chromatographic control of the amino acid composi- 
tion of a 10% dried residue of liver extract performed before and 
after dehistaminization, it was determined that only Resins A and 
C in the acid form did not alter the: (a )  qualitative or quantitative 
composition in amino acids of the extract, (b) content in amine or 
total nitrogen, and (c )  absorbance at 450 nm. 


The sodium salt of Resin C, buffered at pH 6.5, demonstrated a 
much higher capacitance than the acid form (optimal pH range 
6-9) but was inefficient inasmuch as it showed notable affinity for a 
few strongly basic amino acids (arginine, lysine, and ornithine) 
which are completely adsorbed. This resin also demonstrated a 
lesser affinity for methionine, phenylalanine, and valine which 
resulted in the 40, 25, and 30% adsorption of these amino acids, 
respectively. 


Resin B showed a net affinity for all amino acids, particularly for 
histidine, proline, tryptophan, and arginine which are completely 
fixed by this resin. 


Resin D showed a net affinity (other than for histamine) for his- 


tidine, arginine, cystine, and valine. It left other amino acid con- 
centrations unchanged. 


In accordance with the determination made by Whitehorn ( 5 ) ,  
Resin E showed a net affinity for cystine, arginine, and lysine which 
are completely captured. It also showed a discrete affinity for orni- 
thine and asparagine, as demonstrated by a 50% reduction of 
their initial concentrations. 


The data are tabulated in Table 111. 


DISCUSSION AND CONCLUSIONS 


Resin A has the greatest selectivity and capacitance for histamine. 
The sodium salt form of Resin C, although having the same matrix 
composition and the same exchanger group, exchanges with the 
amine group of strongly basic histamine as well as with the amine 
group of the diaminodicarboxylic amino acids (arginine, lysine, and 
ornithine) and with some semiamides of dicarboxylic amino acids 
(asparagine and L-glutamine), in which the imidation of a carboxyl 
group increases the basicity of the amino acid and, therefore, the 
affinity for the resin. 


The retention of methionine, valine, and phenylalanine is prob- 
ably dependent on the percentage of transverse bonds of the matrix 
and, therefore, on the diameter of the pores of the resin and the 
steric configuration of the reacting molecules. 


The better performance of Resin C in the acid form (which 
captures only histamine) is obviously due to a limited dissociation 
at an acid pH of the carboxyl groups and, therefore, a limited ex- 
change with substances particularly basic such as histamine. The 
optimum pH of this resin is, in fact, 6-9. 


Of the two resins giving the better results in the dehistaminiza- 
tion of the extracts, Resin C in the acid form is preferable over 
Resin A for the following reasons: 


1. There is selectivity on the part of Resin C in the acid form for 
natural histamine which is, however, retained by Resin A less 
easily than is standard histamine dichlorhydrate with which the 
capacitance tests were performed. This activity of Resin A may 
result from the fact that not all the histamine present in the tissues 
is in the “free histamine” form (9, 10). 


2. The low percentage of Resin A that is necessary and sufficient 
for the dehistaminization of an extract requires longer agitation 


Table 11-Capacitance Determinations of the Resins 


Capacitance (or 
Adsorption 


Agitation Capacity), 
Time, mcg. Base 


Resin min. Histamine/g. Resin 


Resin D 30 130 
Resin C (pH 4) 30 188 
Resin B 30 207 
Resin C (pH 6.5) 30 350 X 10’ 
Resin A 30 780 X lo2 
Resin E 60 185 X l o2  
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Table 111-Variation of Concentrations of Individual Amino Acids in Dehistaminized Extracts Using Various Resins 


Resin C 
Sodium Salt 


Amino Acid Resin D Resin C (PH 6.5) Resin B Resin A Resin E 


Alanine 
Serine 
Cysteine 
Cystine 
Phen ylalanine 
Tyrosine 
Tryptophan 
Histidine 
Met hionine 
Threonine 
Valine 
Leucine 
Arginine 


Lysine 


Ornithine 


Citrulline 
Aspartic acid 
Glutamic acid 
Proline 


Unchanged 
Unchanged 
Unchanged 
Zero 
Unchanged 
Unchanged 
Unchanged 
Zero 
Diminished 
Unchanged 
Zero 
Diminished 
Zero 


Unchanged 


Unchanged 


Unchanged 
Unchanged 
Unchanged 
Unchanged 


Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 


Unchanged 


Unchanged 


Unchanged 
Unchanged 
Unchanged 
Unchanged 


Unchanged 
Unchanged 
Unchanged 
Unchanged 
Diminished 
Unchanged 
Unchanged 
Unchanged 
Diminished 
Unchanged 
Diminished 
Unchanged 
Zero 


Zero 


Zero 


Unchanged 
Unchanged 
Unchanged 
Unchanged 


Diminished 
Diminished 
Zero 
Zero 
Diminished 
Zero 
Zero 
Zero 
Zero 
Diminished 
Zero 
Diminished 
Strongly 


Strongly 


Strongly 


Absent 
Diminished 
Diminished 
Zero 


diminished 


diminished 


diminished 


Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 


Unchanged 


Unchanged 


Unchanged 
Unchanged 
Unchanged 
Unchanged 


Unchanged 
Unchanged 
Unchanged 
Zero 
Unchanged 
Unchanged 
Unchanged 
Zero 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Zero 


Zero 


Diminished 


Unchanged 
Unchanged 
Unchanged 
Unchanged 


Semiamides of Monoaminodicarboxylic Amino Acids 
Asparagine Unchanged Unchanged Diminished Zero Unchanged Diminished 
L-Glutamine Unchanged Unchanged Diminished Zero Unchanged Unchanged 


and contact time between the resin and the extract. An increase in 
the quantity of Resin A in the dehistaminization is not advised 
since any increase causes a decrease of natural substances such as 
amino acids in the extract, with a consequent reduction of the 
adsorbance. 


3. Resin A regeneration is laborious since it has a tendency to 
flake off during agitation. Such flaking is very limited in the de- 
histaminization if it takes place in the optimal resin concentration 
of 0.1 z (w/v). If the resin concentration is greater, the flaking can 
alter the dried residue of the extract. 


4. Resin C, although necessary in concentrations of 10% (w/v) 
relative to the extract, gives a much higher yield since its retention of 
natural histamine is total. The retention of other substances is 
negligible (the decrease of the dry residue is 1 z or less, and ab- 
sorbance is unchanged). Such behavior renders Resin C adaptable 
to analytical purposes. 


5. The contact time between the acidic form of Resin C and the 
extract during dehistaminization is relatively short (30 min. if all 
the resin is maintained in constant agitation). 


6. Resin C is easily and rapidly regenerated. 
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Binding of gg""Technetium to Various Human Serum Albumins 


J. H. PERRIN*., D. A. NELSON*, and I. B. TYSONt 


Abstract 0 The percentage of ggmtechnetium bound to Red Cross, 
Fraction V, and crystalline human serum albumin was investigated 
by dialysis and gel filtration. Any variation in the percentage bound 
seems to be a function of the technetium-iron-ascorbic acid com- 
plex not broken down rather than of any variation in the albumins. 


Key phrases 0 ggnlTechnetium-binding to human serum albumins, 
effect of variations in albumin, dialysis and gel filtration 0 Al- 
bumins, various human-binding of ggmtechnetium, effect of al- 
bumin purity. dialysis and gel filtration 0 Dialysis-used to  study 
binding of 99intechnetium to  various human albumins 0 Gel 
filtration-used to study binding of gBmtechnetium to various human 
al bumins 


YYmTechnetium-labeled serum albumin is used for 
scanning various organs and tissues; however, the 
fraction of 99mtechnetium bound appears to vary sub- 
stantially from preparation to  preparation. In the work 
reported here, the possibility that some of this variation 
i b  associated with the purity of the albumin was checked. 
The binding of technetium to Red Cross serum albumin, 
Fraction V. and crystalline human serum albumin was 
investigated by dialysis and gel filtration. 


METHODS 


Materials-Normal serum albumin (human), salt poor', collected 
by the American National Red Cross, Washington, D. C., was used. 
rhis albumin is in 4.5% saline. Human albumin fraction V2; 
crystalline albumin, 100% pure3; and a generator kit4 were obtained. 
Visking dialysis tubing' (27/32) was the dialyzing membrane. All 
other materials were either reagent grade or standard hospital 
pharmacy supplied. 


Procedures--krbding of Human Serum Albumin-The method 
recommended by Rajamani (1) was used, 99'nTechnetium was eluted 
froni the generator with normal saline, and 5 ml. of eluent was ad- 
justed to  pH 1.5 with 0.1 ml. 1 N hydrochloric acid solution. Ten 
milligrams of ascorbic acid and 10 mg. of ferric chloride hexa- 
hydrate were dissolved in this solution, and the pH was adjusted to  
5.5 by the addition of 1.0 ml. 1 Nsodium hydroxide. This was called 
Solution A. 


Two and one-half milliliters of 10% dextrose was added to 4 ml. 
of 0.2 M acetate buffer, pH 5.2. Two milliliters of 25% normal 
serum albumin (human), salt poor, was added to this solution and 
stirred to give Solution B. Solution B was then added to  solution 
A with stirring, and the pH was adjusted to 1.5 by the addition of 
I .8 nil. 1 N hydrochloric acid. The solution was then incubated at  
room temperature for 15 min. and the pH was adjusted to 6.5 by 
adding 2.0 ml. 1 N sodium hydroxide. 


For the experiments using crystalline and Fraction V human 
serum albumins, 25% solutions in 4 . 5 z  sodium chloride were used 
in place of the Red Cross albumin in the previous procedure. For 
the dialyzing solution and the developing solution for the gel filtra- 
tion, a similar solution was used, except that the technetium solu- 
tion was replaced by normal saline and the serum albumin solution 
was replaced by 4.5% sodium chloride. 


I Processed by E. R. Squibb and Sons, Inc.. New Brunswick, N. J. 


4 Pertgen-9Ym. Abbott Lab., North Chicago, Ill. 
j Union Carbide, Chicago, Ill. 


Armour Pharmaceutical Co., Kankakee, Ill. 
Schwartz/Mann, Orangeburg, N. Y .  


Table I-Percentage @QmTechnetium Bound to  Human Serum 
Albumin 


Human Serum Prep- Gel 
Albumin aration Dialysis Filtration B/A" 


~~_______  


Red Cross 1 
Lot 01930 2 


3 
Red Cross 1 
Lot 01961 2 


3 
Fraction V I 


LI 
L 
3 


Crystalline, 100% 1 
2 


84.5(6) f 1 . 5 b  
75.7(8) i 3 . 5  
76.5(8) =k 3 . 5  
8 3 . 5 ( 5 )  =I= 1 . 5  
85.8(5)  f 0 .5  
90.9(5) f 1 . 3  
95.9(5) 1 .0  
93.2(5) k 0 . 6  
92.0(6) f 1.0 
87.3(6) f 1 . 3  
84.0(6) f 1.3 


85. l (3)  
81.3(3)  
71.8(3) 
85 . O( 3) 
90.4( 3 )  
89.1(3) 
92.9( 3 )  
93.5(3) 
93.7(3) 
85.3(3) 
77.2(3) 


0.10 
0.21 
0.19 
0 .  I0 
0.08 
0.11 
0.06 
0.05 
0.04 
0.10 
0.17 


a B/A is the ratio of the iron-tcchnetium-ascorbic acid complex to 
the technetium-albumin complex. b (+) indicates the range of values ob- 
tained. 


Dialysis-The technetium-labeled human serum albumin solu- 
tion was dialyzed against the solvent for 18-24 hr. a t  22" in cells 
hOlding 5-ml. samples, using Visking dialysis tubing which had 
been pretreated for removal of glycerin and sulfides, as recom- 
mended by the manufacturer. Blanks were performed using equal 
concentrations of technetium-labeled human serum albumin on 
either side of the membrane so that any correction due to adsorp- 
tion could be made. 


Gel Filtruriow-Sephadex G25 was preswollen in the solvent, 
and a 50-ml. buret was used to  give a column approximately 1.1 X 
67.0 cm. A 0.5-ml. sample was placed on the column, and 2-nil. 
fractions were collected. 


All solutions from the dialysis and gel filtration were counted 
using a well-counter'. 


RESULTS 


The results expressed as percentage technetium bound are shown 
in Table I. Two batches of Red Cross albumin were compared with 
the more highly purified Fraction V and crystalline albumin. Both 
dialysis and gel filtration were carried out on each technetiun- 
albumin preparation. 


The numbers in parentheses indicate the number of samples 
measured on each preparation. All of the gel filtration figures were 
within 1 of the average indicated. 


DISCUSSION 


Figure 1 shows a typical gel filtration separation found with all 
of the systems investigated. The large peak (A) is the technetium 
bound to the albumin; the second peak (B), which contains no 
protein, seems to  be of a technetium-iron-ascorbic acid complex on 
comparison with the separations reported by Richards and 
Atkins (2). The slower running peaks ( C )  are probably due to 
technetium in various states of oxidation ( 3 ) .  Peak C is very small 
compared to A and B. In the calculation of percentage bound. only 
the first peak was regarded as containing the bound material. In 
the early experiments with the Red Cross albumin, it was thought 
that peak B might be due to an  impurity in the protein; however, 
subsequent measurements using the more highly purified materials 
showed this not to be so. The results, which show good agreement 
between gel filtration and dialysis, suggest that there is no advan- 
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Figure 1-Typical Sephadex G25 separation. Key: A,  technetium 
bound to albumin; B, technetium-iron-ascorbic acid complex: and 
C ,  uncomplexed technetium in various states of oxidation. 


tage with the more highly purified protein fraction over the cheaper 
Red Cross material. However, the observations do show that there 
are significant variations in the fractions bound when apparently 
the same technique is continually used in radiopharmacy. Accord- 
ing to the data in Table I, this variability seems to be associated with 
the technetium-iron complex. This complex is reported to be broken 
down when the pH of the complex-albumin mixture is lowered to 
1.5 (2), as indicated in the Methods section. However, the observa- 
tions reported here show the complex to be incompletely and 
variably broken down in the preparations. 


The ratio of the second peak to the first peak (B/A) for the gel 
filtration is shown in Table I. It can be seen that when the percent- 
age technetium bound is high, then the amount of complex broken 
down is also high, suggesting that a complete break of this complex 


is essential for maximal binding. In the first preparation using the 
second batch of Red Cross albumin, a dextrose solution containing 
0.1 methylparaben was used rather than the plain dextrose and 
this caused the appearance of a second peak, smaller than the 
iron-technetium-ascorbic acid complex peak and running slightly 
slower than this peak; however, this did not substantially reduce the 
fraction technetium bound. This peak is possibly a second complex 
involving paraben. It is, of course, preferable not to use preserva- 
tives in intravenous injections. 


Dowex 1 X 8 ion-exchange columns have been reported (2) to 
remove unbound technetium from solutions of the technetium- 
albumin complexes; such treatment, followed by a membrane filtra- 
tion to give a sterile solution, seems to be necessary if near 100% 
binding is to  be obtained. It also seems that adequate quality con- 
trol over technetium-albumin products is obtained only if the per- 
centage bound in every preparation is computed; the simplest 
technique to obtain this value is probably gel filtration. This can 
give better than 2 x  accuracy in 15-30 min. and can be performed 
in any radiopharmacy. 


REFERENCES 


(1) P. N. Rajamani, “Preparation of Human Serum Albumin 
Labeled with 88mT~,” Radiopharmaceutical Research and Develop- 
ment Report, Project MER-099, E. R. Squibb and Sons, New 
Brunswick, N. J., Aug. 1969. 


(2) P. Richards and H. L. Atkins, Jap. J .  Nucl. Med., 7 ,  165 
(1968). 


(3) W. Eckelrnan, G. Meinken, and P. Richards, J.  Nucl. Med., 
12, 596(1971). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 23, 1972, from the *School of Pharmacy and 
the TSection of Nuclear Medicine, Center for  Health Sciences, Uni- 
versity of Wisconsin, Madison, WI 53706 


Accepted for publication July 7, 1972. 
A To whom inquiries should be directed. 


1668 Journal of Pharmaceutical Sciences 








Selected Pharmacological Studies of 
Succinic Semialdehyde 


J. W. KOSH' and G .  D. APPELT 


Abstract 0 Succinic semialdehyde was found to exhibit, in the rat, 
significant blood-pressure-lowering properties, a negative inotropic 
and chronotropic effect, and smooth muscle relaxant properties. 
No anticonvulsant activity was observed in either chemcshock or 
minimal and maximal electroshock procedures. Succinic semialde- 
hyde was found to be devoid of any CNS activity in the doses 
employed. 


Keyphrases 0 Succinic semialdehyde- -pharmacology 0 CNS ac- 
tivity-succinic semialdehyde 0 Anticonvulsant activity-evalua- 
tion of succinic semialdehyde Pharmacology-succinic semi- 
aldehyde 


y-Aminobutyric acid ( I )  has been implicated as one 
factor in the maintenance and stabilization of the con- 
vulsive threshold. Supportive experimental data demon- 
strate a binding of I to  various neural tissues 1(1, 2), a 
correlation of lowered levels of 1 with the onset of con- 
vulsive seizures after convulsant hydrazide adniinistra- 
tion (3, 4), a relation between increased levels of I and 
a lowered incidence of convulsive episodes (3, and 
inhibition of epileptiform convulsions produced in 
cryoepilepsy (6 ) .  


The y-aminobutyric acid pathway is of interest due 
to the possible feedback controls that might influence 
levels of I when the pathway intermediates varj in con- 
centration. Some intermediates of the pathway, such as 
y-hydroxybutyric acid and its lactone, have been im- 
plicated in the maintenance of various sleep states (7). 
y-Aminobutyrylhistidine (8) and y-guanidinobutyric 
acid (9), however, have an unknown pharmacological 
significance. One intermediate, succinic semialdehyde 
(11). has been shown to possess both CNS and periph- 
eral actions (10-13), but generally only in very high 
doses. 


A significant question that has not been defined is the 
relationship of succinic semialdehyde to the convulsive 
threshold of mammalian systems. In addition, because 
a paucity of information presently exists concerning 
the effects of succinic semialdehyde upon the cardio- 
vascular (blood pressure and cardiac rhythm), muscle 
(smooth and skeletal), and central nervous (motor) 
systems, the purpose of the present study was to  correct 
these pharmacological deficiencies. 


EXPERIMENTAL 


Chemicals, Reagents, and Animals-The succinic semialdehyde 
used in this study was prepared by a modification of the method of 
Langheld ( 14). Sodium hypochlorite and sodium glutanate were 
added together in equimolar quantities, and the reaction mixture 
was adjusted to pH 6.85. After heating, the pH was adjusted to 3.0, 
the solution was extracted with a continuous ether extractor, and 
the ether was evaporated under air. Succinic semialdehyde was ex- 
amined for purity by  determining the melting point of the 2.4-dini- 
trophenylhydrazone derivative and by paper chromatogi,aphy. The 


Table I-Characteristics of Succinic Semialdehyde 


Literature 
Actual Value 


- Maximum yield 35 z 
Refractive index, 29" 1.4473 I .4485(23") 
IR spectrum: 


Carboxylic acid peak Positive - 
Aldehydic carbonyl peak Positive _ _  


TLC, silica gel, 95 ethanol RJ 0.80 - 
(Homogeneous) 


Melting point, 2,4-dinitrophenyl- 202-204" 202.5-203.5" 
hydrazone derivative 


Descending paper chromatog- 
raphy, 2,4-dinitrophenylhydra- 
zone of succinic semialdehyde 


Solvent I Iwbutanol-ethanolL R ,  0.68 0.68 
0 . 5  M phbsphate (pH 6.0), 
27 : 3 : 101 
Solvent I I  01-butanokthanol- RJ 0.85 
1 N acetic acid, 27:3:10) 


0 . 8 5  


parent compound was further examined by IR spectroscopy, re- 
fractive index, and TLC. The concentration of succinic scmialde- 
hyde was assayed enzymatically using bovine succinic semialdehyde 
dehydrogenase and NAD in 0.1 M sodium pyrophosphate buffer, 
pH 8.75. The total increase in absorbance at  340 nm. was utilized 
for the molarity calculation. 


All animals used were male adult Sprague-Dawley rats, weighing 
300-400 g. They were fed with rat chow' and watered crdlibi/um. 


Methods-Pen/ylene/etrrrzol Seizure Tesr-The convulsive thresh- 
old for pentylenetetrazol was considered to be one episode of 
clonic spasms that persisted for at  least 5 sec. (1  5). Pentylenetetra- 
zo12 was administered intraperitoneally (30-70 mg./kg.), and the ani- 
mals were observed for 15 min. Sodium phenobarbital3 (20-40 
mg./kg.), trimethadione' (200-300 mg./kg.), and succinic semialde- 
hyde (up to 400 mg./kg.) were screened for their ability to alter the 
pentylenetctrazol seizure threshold. In each instance, pentylenetetra- 
zol was injected at  the time of known peak anticonvulsant effect for 
the particular drug being tested (16). 


Maximal Electroshock atid Minimal Elecrrosliock Tlireshold-In 
both procedures the electrical a.c. stimulus was delivered by an 
electroshock apparatus5 in which ma. output and duration of stimu- 
lus could be controlled. The stimulus was applied rin corneal elec- 
trodes. For maximal electroshock testing, a stimulus of 153 ma. for 
200 msec. was used and the drugs screened were phenobarbital 
(2-10 mg./kg.), diphenylhydantoine (10-40 mg./kg.), and succinic 
semialdehyde (up to 600 mg./kg.). For minimal electroshock thresh- 
old, a stimulus of 37 ma. for 200 msec. was used and the drugs 
screened were trimethadione (100-3OO mg./kg.), phenobarbital 
(30-40 mg./kg.), and succinic semialdehyde (up to 600 mg./kg.). 
In the maximal electroshock assay, the drugs were assayed for their 
ability to reduce or block hind-limb extension. In the minimal elec- 
troshock threshold assay, the ability to block or reduce the duration 
of clonus was observed. 


, Cardiocascular-A physiograph (DMP-4A) was used for monitor- 
ing both cardiovascular studies. Carotid blood pressure de- 


1 Purina. 
f I<noll Pharmaceutical Co. 
3 Merck Chemical. 


5 Wahlquist. 
6 Parke-Davis. 
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Table 11-Influence of Trimethadione, Sodium Phenobarbital, and 
Succinic Semialdehyde upon the Pentylenetetrazol Seizure 
Threshold in the Rat 


Table IV-Maximal Electroshock : Effect of Diphenylhydantoin, 
Sodium Phenobarbital, and Succinic Semialdehyde on Maximal 
Electroshock in the Rata 


Pentylenetetrazol 
Dose, Pretreatment, Percent 


mg./kg. i.p. Intraperitoneal Convulsinga 


30 
40 
50 
60 


40 
50 
60 
50 
60 
70 
60 
70 
80 


40 
45 
50 
40 
50 
60 
50 
60 
70 


None 
None 
None 
None 


200 
200 
200 


Trimethadione, mg./kg.* 


250 
250 
250 
300 
300 
300 


Sodium Phenobarbital, mg./kg.c 
20 
20 
20 
30 
30 
30 
40 
40 
40 


Succinic Semialdehyde 


16.7 
50.0 
71.5 
83.5 


0 .0  
33.3 


100.0 
16.7 
50.0 
66.7 
37.5 
62.5 
83 .0  


16.5 
3 3 . 3  
66.6 
0 .0  


3 3 . 3  
100.0 


0 .0  
33.3 
50.0 


No anticonvulsant effect observed with doses up to  400 mg./kg. 


a At least six animals per test group. * Pretreatment 1 hr. c Pretreat- 
ment 2 hr. 


termination was performed by standard methods after anesthetiza- 
tion with sodium pentobarbital (35 mg./kg. i.p.). Administration of 
succinic semialdehyde was made uia a jugular vein cannula. 


Isolated perfused heart studies were performed according to  
standard techniques. Administration of succinic semialdehyde was 
accomplished by addition to  the perfusing fluid. 


Skeletal Muscle-The procedure used involved the sciatic nerve 
and gastrocnemius muscle in situ (17). The sciatic nerve was iso- 
lated, and the gastrocnemius muscle was freed a t  the Achilles tendon 
and tied securely with string. The sciatic nerve was stimulated at a 
frequency of 2/sec., 0.2-msec. duration, and 20 v. Succinic semial- 
dehyde was administered uio intraperitoneal injection. A physio- 
graph monitor was utilized for the muscle contraction record. 


Smooth Muscle-Ileum strips were suspended in an isolated 
smooth muscle chamber a t  37", containing Locke-Ringer solution, 
and aerated with compressed air. Smooth muscle contractions were 
monitored using a smooth muscle myograph and recorded with the 


Table 111-Minimal Electroshock Threshold: Effect of Trimeth- 
adione, Sodium Phenobarbital, and Succinic Semialdehyde on the 
Minimal Electroshock Threshold in the Rat" 


Duration 
Number of 


Dose, in Clonus, Percent 
Treatment mg./kg. Group sec. Cloning 


Saline - 7 23.2 100 
Trimethadione 100 6 18.7 66.6 


200 12 23 .2  50.0 
300 12 18.8 41.4 


Sodium 30 6 15.3 50.0 


Succinic semialdehyde 


phenobarbital 35 6 16.5 33.3 
0 - 40 6 


No anticonvulsant effect observed with 
doses of succinic semialdehyde up to 400 


mg./kg. 


a Stimulus was applied corneally at 37 ma. for 200 msec. 


Hind- 
Number Limb 


Dose, in Duration, Extension 
Treatment mg./kg. Group sec. Percent 


Saline 
Diphenylhydantoin 


12 6 . 0  100 
10 6 5 . 3  100 
20 6 3 . 5  66.6 
30 6 4 . 3  33.3 


0 40 6 


- 


- 
Sodium phenobarbital 


Succinic semialdehyde 


2 6 4 . 8  83.3 
3 6 4 . 4  50.0 
6 6 5 . 7  16.6 


0 - 10 6 
No anticonvulsant effect was observed 
with doses of succinic semialdehyde up to 


600 mg./kg. 


a Stimulus was applied corneally at 150 ma. for 200 msec. 


aid of a physiograph. Solutions of succinic semialdehyde were in- 
troduced directly into the bathing medium. 


CNS-The open-field method of determining motor activity was 
employed. The animal was placed on a 90 X 120-cm. grid, divided 
into 48 squares measuring 15 X 15 cm. The animal was given a posi- 
tive count each time the rat crossed from one square to another, 
monitoring only the position of one limb. 


RESULTS 


Purity of Succinic Semialdehyde-Succinic semialdehyde, as pre- 
pared by a modification of the method of Langheld (14), gave a 
maximum yield of 3 5  (Table I). The refraclive index after lyophil- 
izing was 1.4473 a t  29". The published (18) value is 1.4485 at 23". 
A positive peak for a carboxylic acid group and an aldehydic group 
was observed in the IR spectrum of the aldehyde in chloroform. 
Reference scan 13467 in Sadtler's index (19) of the ethyl ester of suc- 
cinic semialdehyde contains a similar aldehyde peak. TLC of succinic 
semialdehyde developed in 95 ethanol produced a homogeneous 
spot with an  RJ of 0.80. 


A melting point of 202-204" was obtained for the 2,4-dinitro- 
phenylhydrazone of succinic semialdehyde. This value is in agree- 
ment with published values of 202.5-203.5" (20) and 201" (8). 
Descending paper chromatograms of the same hydrazone produced 
an Rf of 0.68 in Solvent I and an  RJ of 0.85 in Solvent I1 (Table I). 
Both RJ values are in agreement with the data of Erwin (21). 
In the chemoshock assay, pretreatment with trirnethadione and 


sodium phenobarbital produced the expected elevation of the seizure 
threshold. The EDso convulsive dose for pentylenetetrazol was ele- 
vated from 40 mg./kg. in the control group to  approximately 65 
mg./kg. a t  a dosage of 300 mg./kg. trimethadione. For sodium 


M 
I 


0 $l0V 
-I 
m . 


SUCCl N IC SEM IALDEHY DE, rng./kg. 
1 2  3 4 5 6 7 8 9 10 


Figure I-Effect of succinic semialdehyde ot1 rat carotid blood pres- 
sure. Blood pressure was determined us discussed it, the text under 
Methods. Brackets around plotted points represent siatidard errors of 
blood pressure clianges. 
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Figure 2---Effect of succinic semialdehyde (SSA) on the isolated heart 
of the rat. Succinic semialdehyde was introduced into the perfusion 
fluid ill dmes ranging from 0. I I to 0.55 mg./kg. (origiiial whole body 
weight). 


phenobarbital, the EDso (40 mg./kg.) was elevated to 70 mg./kg. 
pentylenetetrazol. Pretreatment with succinic semialdehyde a t  doses 
up to  400 mg./kg. i.p. did not alter the threshold (Table 11). 


In the minimal electroshock assay, trimethadione reduced the per- 
cent of animals cloning from 100 t o  41 a t  a dosage of 300 mg./kg. 
Sodium phenobarbital at  40 mg./kg. lowered the percent o f  animals 
cloning to 0%. Succinic semialdehyde a t  doses up to 400 mg./kg. 
did not affect the minimal electroshock threshold (Table 111). Phen- 
obarbital and trimethadione appeared t o  reduce clonus duration 
when compared to  the control, but the amount of reduction did not 
appear related t o  dosage. 


The percent of animals exhibiting hind-leg extension in the maxi- 
mal electroshock studies was abolished with diphenylhyclantoin a t  
40 mg./kg. Phenobarbital produced the same effect at a dosage of 10 
mg./kg. However, no anticonvulsant effect was seen with succinic 
semialdehyde at  doses up to  600 mg./kg. (Table IV). No trend on 
hind-limbextension duration was observed by pretreatment with any 
of the three compounds. Duration of tonic extension was reduced 
from the control value by phenobarbital and diphenylhydantoin. 


Succinic semialdehyde injected at a dosage of 1-10 mg./kg. i.v. 
produced significant lowering of carotid blood pressure. At a dose of 
10 mg./kg., an average drop in blood pressure of 55 mm. Hg was 
observed (Fig. 1). 


A negative inotropic and chronotropic effect was observed on the 
isolated heart a t  dosages ranging from 0.1 1 t o  0.55 mg./kg. (based on 
whole body weight) (Fig. 2). At a dose of 0.55 mg./kg. of succinic 
semialdehyde, cardiac contractility appeared to  be alrnost non- 
existent. 


Smooth Muscle-Succihic semialdehyde was shown 1.0 possess 
definite smooth muscle (ileum) relaxant properties. At a concentra- 
tion of 7 X lo-' M in the tissue chamber, succinic semialdehyde 
appeared to be 1/3500 as potent as epinephrine (Table V). 


0 10 $- 20 30 40 
LOG DOSE, m /k SODIUM PHENOBARBITAL, 


& I&~HADIONE x 10 
Figure J--Comparison of modijication of convulsive dose respomc 10 


penrylenetetrazol by sodium phenobarbital and trimerhadicne. Plotted 
is rhe dose, in milligrams per kilogram, ofpentylenetetrazol (ordinate) 
that produced conculsions in 50% of the animals tested versus the 
logarithmic dose of phenobarbital or trimethadione (abscissa). Key: 
--0--, trimethadione; and -A-, sodium phenobarbital. 


Table V-Effect of Succinic Semialdehyde on Smooth 
Muscle (Ileum) Tissue 


Succinic 
Semialdehyde Final Average 


Concentration, Percent Be- Standard 
M laxationarb Error Range 


1 . 8  X 10-' 43 3~6.7 25-63 
3 . 6  X 1 0 - 4  79 zk10.4 50-122 
7 . 3  x lo-' 105 zk12.9 73-132 


a Percent relaxation values are based on the relaxation produced by 
epinephrine at 2 X 10-7 M final concentration. b At least six animals per 
group. 


No CNS effects were seen in the gross appearance screen for suc- 
cinic semialdehyde. With doses of succinic semialdehyde up to  400 
mg./kg., no modification of motor activity was observed as deter- 
mined by the open-field grid test. In addition, no activity was ob- 
served with the skeletal muscle preparation at  doses up to 400 mg./ 
kg. i.p. 


DISCUSSION 


Succinic semialdehyde was shown previously to  have only slight 
pharmacological activity, and only in very large doses (1 1 ,  12, 22). 
In contrast to other data, succinic semialdehyde in the present stud- 
ies had pharmacological activity in very small dose ranges, acting 
peripherally. In addition, succinic semialdehyde exhibited dramatic 
activity upon cardiac contractility. A direct depressant effect was 
observed with very small doses in the perfusing fluid (Fig. 2). Effects 
of succinic semialdehyde can be seen also upon smooth muscle tis- 
sue (ileum) in doses that approach physiological quantities (Table 
V). In addition, significant reductions in blood pressure are seen 
with doses of succinic semialdehyde as low as 1-10 mg./kg. (Fig. 1). 


Although part of the blood pressure decrease can be explained in 
cardiac slowing (bradycardia), relaxation of vascular smooth muscle 
is also a possible component since definite relaxant activity was ob- 
served on ileum tissue. A possible brief period of tolerance to the ef- 
fect of high doses of succinic semialdehyde was noted, which lasted 
approximately 5 min. After 5 min., the full effect of succinic semial- 
dehyde could again be seen. 


It was demonstrated in the present study that succinic semialde- 
hyde injected intraperitoneally does not modify convulsive seizure 
thresholds nor their durations caused by pentylenetetrazol or mini- 
mal and maximal electroshock stimuli (Tables 11-IV). Succinic 
semialdehyde applied intracisternally might produce different results 
under these experimental conditions since the barriers of biochemical 
oxidation of succinic semialdehyde and crossing brain membranes 
would be removed. 
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Figure 4-Modification of minimal electroshock ttireshold by tri- 
metliadione or sodium pherlobarbital. The corneal stimulus applied 
was 37 ma. for 200 msec. Key: -0--, trimethadione; and - --A- -, 
sodium phenobarbital. 
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LOG DOSE, rng./k . [DIPHENYLHYDANTOIN X 10 OR 
S O D b M  PHENOBARBITAL] 


Figure 5-Modification of maximal electroshock by sodium pheno- 
barbital or diplienylliydaritoiii. The corned stimulus applied was I50 
ma. for 200 msec. Key:  -0-, sodium phenobarbital; and -A-, 
diplietivlliydantoiti, 


A plot of the EDzo convulsant dose of pentylenetetrazol against the 
corresponding respective logarithmic dose of trimethadione or phe- 
nobarbital produces similar elevations of the seizure threshold as evi- 
denced by the parallel lines (Fig. 3). It can be stated from these data 
that these two agents are possibly acting similarly, but they differ in 
the dose required. Similar slopes indicate that the compounds may 
be acting at  similar sites since it appears that competition by those 
agents with pentylenetetrazol give similar protective effects with the 
same percent increase in dose of either sodium phenobarbital or tri- 
methadione. 


It is not possible to  draw similar conclusions about these two 
agents with respect to minimal electroshock threshold seizure tests. 
Nonparallel lines result, indicating possible activity by these two 
agents at different sites, possibly at  multisites (Fig. 4). In view of the 
type of convulsions produced by pentylenetetrazol and minimal 
electroshock stimuli, as well as the difference in severity of the two 
types of convulsions. it is reasonable to expect that the anticonvul- 
sive agents would not be acting similarly in each convulsive type. 


Diphenylhydantoin and sodium phenobarbital result in dissimilar 
sloping lines when dose-effect curves are plotted with respect t o  
modifying maximal electroshock (Fig. 5).  Similar slopes of lines 
would not be expected since it was shown that the action of diphenyl- 
hydantoin is that of preventing the spreading of the local electrical 
discharge in the cerebral cortex (23, 24). Sodium phenobarbital acts 
by elevating the threshold for spontaneous electrical discharge 
(25, 26). 


The half-life of most aldehydes in the body is of very short dura- 
tion due to the extreme rapidity of oxidation to  the acid form. It is 
possible that, in the present investigation, the dose of succinic semi- 
aldehyde necessary to elicit CNS activity was never reached. Param- 
eters such as the effect of extremely high doses and the appearance 
of the aldehyde in the brain are currently being investigated. 


CONCLUSIONS 


1. Succinic semialdehyde administered intraperitoneally does not 
exhibit anticonvulsant properties against pentylenetetrazol nor mini- 
mal electroshock at doses up to 400 mg./kg. m the rat. No anticon- 
vulsant activity was observed against maximal electroshock at  doses 
up to 600 mg./kg. 


2. Significant blood-pressure-lowering properties were observed 
in the rat by intravenous administration of succinic semialdehyde at  
doses ranging from 1 t o  10 mg./kg. 


3. A negative inotropic and chronotropic effect was observed on 
the isolated rat  heart by doses of succinic semialdehyde ranging from 
0.1 1 t o  0.55 mg./kg. 


4. Succinic semialdehyde was shown to possess smooth muscle 
(rat ileum) relaxant properties approximately 1/3500 as potent as 
epinephrine. 


5.  N o  effect was observed on gross motor activity in the rat as 
monitored by physical appearance and open-field testing after 
intraperitoneally administered succinic semialdehyde at  doses up to 
400 mg./kg. 


6. N o  effect was observed on skeletal muscle in the rat with 
intraperitoneally administered doses of succinic semialdehyde up to 
400 mg./kg. 
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Antitumor Alkaloids from Cephalotaxus harringtonia: 
Structure and Activity 


R. G. POWELL’, D. WEISLEDER, and C. R. SMITH, Jr. 


Abstract 0 Cephalotaxine and several of its esters were isolated 
from Cephalotaxus harringtoniu K. Koch var. harringtonia. Although 
cephalotaxine is inactive, harringtonine, isoharringtonine, homo- 
harringtonine, and deoxyharringtonine have shown significant 
activity against experimental P388 leukemia and against L-1210 
leukemia in mice. 


Keyphrases 0 Cephulotuxus harringtoniu alkaloids-structure, 
antitumor activity Harringtonine, isoharringtonine, homoharring- 
tonine, deoxyharringtonine-antitumor activity 0 Antitumor al- 
kaloids from Cephalotuxus hurringtoniu-structure, activity 0 NMR 
spectroscopy-identification, Cephalotaxus alkaloids 


In a search for tumor inhibitors of plant origin, an 
alcoholic extract of the seed of Cephalotaxus harring- 
tonia var. drupacea (Sieb. & Zucc.) Koidzumi’ showed 
activity against lymphoid leukemia L-1210 and P388 
leukemia in mice2. Subsequent fractionation of the 
seed extract and of an extract obtained from C. harring- 
tonia (Forbes) K. Koch var. harringtonia cv. Fastigiata 
(entire plants) revealed four alkaloids with significant 
antitumor activity (1). The active Cephalotaxus alka- 
loids are esters of cephalotaxine (I) ; these include 


1 Cephalotaxus plant materials were received from Dr. Robert E. 
Perdue, Jr., U. S. Department of Agriculture (USDA), Beltsville, Md., 
under a program developed with.USDA by Drug Research and De- 
velopment, National Cancer Institute (formerly the Cancer Chemo- 
therapy National Service Center). 


2 Assays performed under Drug Research and Development auspices. 
Procedures are described in Cancer Chemother. Rep., 25, l(1962). 


harringtonine (II), isoharringtonine (HI), homoharring- 
tonine (IV), and deoxyharringtonine (V). 


DISCUSSION 


Paudler er at. (2) first isolated cephalotaxine, and their work indi- 
cated that two partial structures were possible. Subsequent in- 
vestigations by other workers, using a combination of NMR (3) 
and X-ray crystallographic (4) techniques, revealed that cephalo- 
taxine has the structure indicated here (I). We have now char- 
acterized the active antitumor alkaloids 11-IV and report test data 
for these and several related alkaloidsa. 


The NMR spectra of alkaloids 11-V yielded initial evidence that 
these compounds are esters of cephalotaxine. This conclusion was 
based primarily on a comparison of their NMR spectra with the 
NMR spectra of cephalotaxine and acetylcephalotaxine (VII, Table 
I). If one disregards signals attributed to the R group, the NMR 
spectra of the cephalotaxine esters are nearly identical. The number 
and nature of free hydroxyl groups in alkaloids I-1V were indicated 
by NMR spectra of dimethyl sulfoxide-ds solutions befare and after 
deuterium oxide exchange (5). In the mass spectra of these alka- 
loids, the strongest ion (base peak) is at m/e 298 (C1~H2~NO3). This 
ion corresponds to cephalotaxine minus the appropriate R group. 


Transesterification of alkaloids 11-IV (sodium methoxide- 
methanol or sodium ethoxide-ethanol) gives alkaloid I, along with 
the corresponding dimethyl or diethyl esters (VIII-X or XII-XIV). 
Structures of Compounds VIII-X were deduced from NMR and 
mass spectral data. 


Significant features of the NMR spectra of dimethyl esters VIII 
and X (see Experimental section for chemical shift assignments) are 


a The previously used numbering for the cephalotaxine ring system 
was revised. The revised numbering corresponds closely to that com- 
monly used for the erythrina series of alkaloids. 
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Table I-NMR Data for Cephalotaxine and Some Cephalotaxine Esters" 
~~ 


Proton(s) 
Alkaloid -. 


I I1 111 IV V VII 


H- 1 
H-3b 
H-4b 


s 4 .89  s 5.07 s 5 .06  s 5.05 s 5 . 0 4  s 5.05 
d 4 .70  d 5.99  d 6.02 d 5.99  d 5.98 d 5 .80  


d 3.77 d 3.63  d 3.77 d 3.71  d 3.77 d 3.76  
s 6.61 s 6 .64  s 6.61 s 6 .60  s 6 .59  


s 6 .57  s 6 .54  s 6.53 s 6 .54  
Aryl-OCHZO- s 5 .86  s 5.85  m 5 .82  s 5.85  m 5.84  s 5.85  
Vinyl-OCHJ s 3.70 s 3.68  s 3.67 s 3.67 s 3.66  s 3.71 


s 6 .52  
H-14 
H-17 


0 


-&-OCH, - s 3.57 s 3 .60  s 3.58 s 3 .54  - 
- s 1.17 - s 1.18 - - 
- - d 0 . 8 6  - d 0 . 8 4  - 
- q 2 .10  - q 2.10 q 2.07 - 


--c(OHMCHa)z 
-CH(CHs)r 


I 1  
--CCHsC-' 


I I  


s 1 .58  - - - - - -0 P CHS 


6 Measured in chloroform with a Varian HA-100 spectrometer. Chemical shifts (6) are expressed in parts per million from tetramethylsilane. b In 
each of these alkaloids, protons H-3 and H:4 are coupled ( J  = 9.5 Hz.), and long-range coupling ( J  = 0.5 Hz.) is observed between protons H-t 
and H-3. c These protons show strong geminal coupling (J = 16 Hz.). 


as follows. Both show the presence of two equivalent methyl groups, 
two different carbomethoxyl groups, two tertiary hydroxyl groups, 
and an isolated methylene group. Dimethyl ester IX differs from 
VIII and X in that the two methyl groups appear as a doublet, 
characteristic of an isopropyl group; a singlet due to an isolated 
proton on a carbon bearing a secondary hydroxyl is present; and 
only one tertiary hydroxyl is apparent. The remaining protons 
appear as complex signals in the 6 1.20-1.90 region of VIII and X 
and in the 6 1.10-2.20 region of IX. The absence of a methoxyl 
resonance in the spectra of diethyl esters XII-XIV confirms the 
assignment of the carbomethoxyl signals near 6 3.60 for the parent 
alkaloids. 


Data for significant fragments in the mass spectra are given in 
the Experimental section. Although molecular ions were absent in 
the mass spectra of esters VIII and X, an Mf + 1 ion was detected 
at m/e 263 with an excessive sample pressure of X (6). That VIII 
and X are homologs was indicated by the appearance of parallel 
series of peaks differing by 14 mass units in the spectra of the two 
esters. The different number of methylene groups in the main 
carbon chains also led to some differences in the fragmentation 
patterns of these two compounds. On the other hand, the different 
location of one hydroxyl group in IX as compared to VIII leads to  
a completely distinct spectrum for IX. No molecular ion was ap- 
parent in its spectrum, and the peak of highest mass appeared at 
m/e 189 (M+ - COOCH& 


Final proof for the structures of esters VIII-X was recently 
obtained from synthetic studies directed toward the characterization 
of alkaloid V. This work resulted in the synthesis of dimethyl ester 
XI and also of pseudo-deoxyharringtonine (VI) (7). Synthetic VI 
differs from alkaloid V in that the alternative carboxyl group is 
esterified to  cephalotaxine. This conclusion is based on the NMR 
spectra; the carbomethoxyl signal appears a t  6 3.53 in the spectrum 
of V and at 6 3.70 in the spectrum of VI. The primary carbo- 
methoxyl of dimethyl ester XI was assigned to the signal a t  6 3.64, 
and the tertiary carbomethoxyl was assigned to the downfield signal 
a t  8 3.77 (similar shifts for primary and tertiary carbomethoxyl 
groups are apparent in the spectrum of trimethylcitrate). From their 
position in the NMR spectra, the carbomethoxyl groups of alkaloids 
11-IV are by analogy considered to be primary. 


Several Cephalotaxus alkaloids were tested against G1210 or 
P388 leukemia (or both) (Tables 11 and 111). From the relative sur- 
vival times of treated (T) and control (C) animals (Le., T/C, 73, it 
is evident that alkaloids 11-IV show marginal activity against G1210 
and that I and VII are inactive. 


Much greater activity is shown by alkaloids 11-V against P388 
leukemia, and this activity is apparent over a wide range of dosage 
levels. Alkaloids 11, IV, and V exhibit the greatest activity a t  a 1-2 
mg./kg. dosage level, whereas 111 has greatest activity a t  about 10 
times this level. Since these compounds differ only in the ester (R) 
group, slight modification of this moiety significantly affects anti- 
tumor activity. The importance of the R group is further emphasized 


because cephalotaxine (I) and acetylcephalotaxine (VII) are in- 
active. On the other hand, pseudo-deoxyharringtonine (VI) gave 
a T/C of 122 at  the highest dose level tested (40 mg./kg. against 
P388 leukemia) with no apparent toxic effects. Alkaloid V1 has not 
yet been tested at higher levels owing to lack of material. Synthesis 
of cephalotaxine esters having other R groups may lead to com- 
pounds having even more desirable antitumor properties than 
11-v. 


EXPERIMENTAI .4 


A typical isolation procedure for the Cephulotaxus alkaloids was 
described elsewhere (8). All attempts to  crystallize alkaloids 11-IV 
(from methanol, ether, benzene, petroleum ether, or mixtures of 
these solvents) failed; but because each gave a single spot on thin- 
layer chromatograms and a clean NMR spectrum, no contaminants 
were present in significant quantities. 


Cephalotaxine (I)-Cephalotaxine was crystallized by slow 
evaporation of an ether solution in a loosely capped vial, m.p. 134- 
136"; [a]D -189" (c 0.51 in chloroform), [U]D -209" (c 0.23 in 
ethanol); Xmsr: 290 (log E 3.64), Amin: 260 (log E 2.75), Amax: 238 nm. 
(log c 3.56); vmax: 3680, 1650, 1490, 1040, and 934 cm.-'. The mass 
spectrum of I yielded prominent ions at m/e 315 (M+, lOOx), 300 
(54), 298 (57), 284 (67), 272 (17), 254 (15), 214 (19), 166 (36), 150 
(23), 137 (26), and 115 (16). 


Anal.<alc. for ClaH2tN04: C, 68.55; H, 6.72; N, 4.44. Found: 
C,68.71; H,7.04; N,4.32. 


The NMR spectrum of cephalotaxine is given in Table I. In 
dimethyl sulfoxide-ds solution, cephalotaxine exhibits a one-proton 
doublet, at 6 4.78, which is coupled to H-3 (9.6 4.51). After exchange 
in deuterium oxide, only the H-3 signal is apparent (d, 6 4.51). 


An authentic sample of cephalotaxine (2), recrystallized from 
ether,gavem.p. 135-136", [a]D -21l0(cO.04inethanol).The NMR, 
IR, and UV spectra of this material, as well as the corresponding 
spectra of all cephalotaxine samples isolated in this study, were 
indistinguishable, 


Harringtonine (11)-Harringtonine was obtained as a white 
amorphous solid by evaporation of an ether solution under vacuum, 
[U]D - 106"(c0.13 inchloroform);Xm,,:291 (log c3.61),Xmi.:261 nm. 
(log t 2.74); vmax: 3600, 1740, 1650, 1480, 1115, 1080, and 930 
cm.-'. The mass spectrum of I1 showed peaks at m/e 531 (M+, 17 %), 


4 Melting points were determined on a Fisher-Johns block and are 
uncorrected. IR spectra were measured in chloroform solutions on a 
Perkin-Elmer model 137 instrument, and UV spectra were obtained 
in absolute ethanol on a Beckman DK-2A spectrophotometer. Optical 
rotations were determined on a Cary model 60 recording spectropola- 
rimeter at 26" in 0.5-dm. cells. Mass spectral analyses were performed 
with a Nuclide 12-90G spectrometer. Empirical formulas determined by 
high resolution are given in parentheses. along with relative intensities. 
NMR spectra were measured with a Vanan HA-100 in CDCls solution, 
unless otherwise specified. 
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Table 11-Activity of Some Cephulotuxus Alkaloids against 
Lymphoid Leukemia L-12105 


Animal 


OCH, 


I:R = -OH 
OH OH 
I I 
I I 


11: R = CH~C(CH&CCHZCO~CH, 


CHa COz- 
OHOH 
I I  


111: R = CH3CH(CH&C-CHCQCHa 
I I 


CHa Cad 
OH OH 


I I 
IV : R = CHaC(CHz)3CCH$ZOzCHa 


I I 
CH3 CG- 


OH 


V: R = CH3CH(CH&!-CH2C0,CH3 
I I 


I 
I I 


CH3 COz- 
OH 


VI: R = CHaCH(CHz),CCHzCOz- 


CH3 COzCHs 
VII: R = CH~COL- 


R 
OH OH 
I I 


CH~C(CHZ)ZCCH~COZR" VIII: R' = R" = CH3 
I XII: R' = R" = CzHs 


CH3 &&R' 
OH OH 
I I  


CH~CH(CHZ)ZC-CHCOZR" IX: R' = R" = CHa 
I I XIII: R' = R" = CzH6 


CH3 COzR' 
OH OH 
I I 


CH3C(CHz)aCCH2C0zRW X :  R' = R" = CHa 
I I XIV: R' = R" = CzH6 


CH3 COzR' 
OH 
I 


I I 
CH3CH(CH&CCHzC0zRn XI: R' = R" = CH3 


CH3 C02R' 


516 (l), 500 (4), 315 (8), 314 (7), 298 (loo), 284 (7), 282 (6), 266 (13), 
150(11), and 116 (7). Found: M+, mle 531.246; CzsHarNOs requires 
531.247. 


Anal.--Calc. for C28H37N09: C, 63.26; H, 7.02; N, 2.63; 0.27.1; 
OCH3, 11.67. Found: C, 62.30; H, 7.20; N, 2.46; OCH3, 12~36~.  


Data from the NMR spectrum of harringtonine are given in Table 
1. In dimethyl sulfoxide-d6, I1 exhibits a pair of one-proton singlets 
at 6 4.74 and 3.99. Both signals are absent after exchange with deu- 
terium oxide. 


Isoharringtonine (111)-Evaporation of an ether solution, under 
vacuum,gave isoharringtonine as awhite amorphous solid, [Ol]D-93" 
(c 0.41 in chloroform); 290 (log e 3.60), Amin: 261 nm. (log e 
2.72); vmax: 3600, 1740, 1650, 1480, 1080, and 930 cm.-'. The mass 
spectrum of I11 contains ions at mle 531 (M+, 14%), 516 (l), 500 
(3), 442 (2), 315 (6), 314 (7), 298 (loo), 284 (6), 282 (8), 266 (13), 


Althou h this analysis is not within normally accepted limits, the 
empirical formula (CzuHa7NOe) is established by the high-resolution 
mass spectrum. In addition, VIII from transesterification of I1 gave 
satisfactory elemental analysis, and I was identical to an authentic 
sample of cephalotaxine. 


Weight Survival 
Dose, Sur- Difference Time, Days 


Alkaloid mg./kg. vivors (T - C) (TIC) TIC, 


I 220 6/6 -1.2 9.819.6 102 
0 .2  10.3/9.6 107 
0.5 9.519.6 98 


110 6/6 
55 6/6 


I1 4.00 1/6 -4.1 0.0/9.1 - 
2 0 0  -2.4 12.519.1 137 
1:OO z!: -1.2 12.3/9.1 135 
0.50 616 -1.0 12.0i9.1 131 


111 15.0 616 -3.5 10.019.1 109 
7.50 -1.3 11.5/9.1 126 
3.75 z!: -0.5 11.3/9.1 124 
1.87 6/6 -1.1 10.0/9.1 109 


IV 2.00 6/6 -3.0 9.219.1 101 
1 .oo -1.4 13.019.1 142 
0.50 $2 -0.8 11.0/9.1 120 
0.25 6/6 -0.5 11.2j9.1 123 ~~ 


VII 100 6/6 -0.6 9.819.6 102 
50 6/6 0.0 10.2/9.6 106 
25 6/6 -0.3 10.219.6 106 


0 Data presented are representative of results from several assays 
with different sam les of each alkaloid (Footnote 2). Materials are 
considered active itthe survival time of animals treated (T) with them is 
5 125 % of that of the controls (C) (i.e.. TIC 5 125 Z). 


178 (7), 150 (17), 99 (9), 90 (9), and 81 (9). Found: mle 531.250; 
Cz8H3,NOs requires 531.247. NMR data are given in Table I. In 
dimethyl sulfoxide-da, isoharringtonine gave a one-proton singlet at 
6 4.54 and a one-proton doublet at 6 4.94. Both signals are absent 
after exchange with deuterium oxide. 


AnaL-Calc. for Cz8HnNOs: C, 63.26; H, 7.02; N, 2.63. Found: 
C, 63.17; H, 7.06; N, 2.58. 


Homoharringtonine OV)-Evaporation of an ether solution, under 
vacuum, gave homoharringtonine as an amorphous white solid, 
[ a ] ~  -119" (c 0.45 inchloroform); Xmsx: 290(log e 3.62), Amin: 261 
nm. (log e 2.76); vmsx: 3580, 1740, 1650,1480,1070, and 928 an.-'. 
The mass spectrum of IV gave ions at mle 545 (M+, 14W), 530 (l), 
514 (3), 315 (4), 314 (6), 298 (loo), 284 (4), 282 (6), 266 (12), 205, 
(3), 150(11), and 116 (5 ) .  Found: m/e 545.255; CzsH3sNOs requires 
545.262. Data from the NMR spectrum of homoharringtonine will 
be found in Table I. In dimethyl sulfoxide-&, IV gave a pair of one- 
proton singlets a t  6 4.75 and 3.97. Both signals are absent after ex- 
change with deuterium oxide. 


Anul.-Calc. for C2~H3sN09: C, 63.84; H, 7.20; N, 2.57. Found: 
C, 63.67; H, 7.24; N, 2.46. 


Table III-Activity of Some Cephulotuxus Alkaloids against 
P388 Lymphocytic Leukemia5 


Animal 
Weight 


Alka- Dose, Sur- Difference Survival Time, 
loid mg./kg. vivors (T - C) Days (T/C) TIC, 


I1 4.00 216 - 5 . 5  5.0/9.0 - 
2.00 -3.3 18.519.0 205 
1.00 2i: -2.3 36.519.0 405 
0.50 6/6 -1.0 26.519.0 294 


111 15.0 6/6 -4.3 9.5/9.0 105 
7.50 6/6 -3.0 24.5/9.0 272 
3.75 616 -2.8 15.519.0 172 
1.87 516 -1.3 13.5/9.0 150 


IV 2.00 -3.8 7.519.0 . . .  
1 - 0 0  % -2.x 30.519.0 338 ~- ..- 


0.50 6j6 -1.8 24.519.0 272 
0.25 616 -2.2 22.019.0 244 


V 4.00 6/6 -3.4 14.0/10.0 140 
2.00 6/6 -3.3 18.0/10.0 180 
1.00 616 -2.4 15.5/10.0 155 
0.50 616 -1.2 14.5/10.0 145 


a See Footnote a, Table 11. 
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Acetylcephdotaxine (vII)--A solution of 1.0 g. of cephalotaxine 
in 2 ml. of acetic anhydride-pyridine (1 : 1) was allowed to stand at  
room temperature for 18 hr. The resulting solution was evaporated 
to dryness, and the remaining oil was chromatographed on a column 
of Brockmann grade 111 neutral alumina. This procedure gave 0.9 
g.of acetylcephalotaxine,m.p. 144-145"; [LYID -99" (c 0.52 in chloro- 
form),[& -133" (c 0.05 inethanol); Xm.,:290(log t 3.63), Xmio: 261 
nm. (log t 2.69); vmnx: 1734 cm.-I. The mass spectrum of VII gave 
prominent ions at m/e 357 (M+, 5 8 z ) ,  342 (lo), 326 (19), 314 (27), 
298 (loo), 282 (14), 266 (31), 254 (8), 214 (lo), 150(22), 137 ( l l ) ,  and 
115 (9). Found: M+, m/e 357.164; C2~HzlNOe requires 357.158. 
Data from the NMR spectrum are recorded in Table I. 


Anal.--Calc. for C20H23N05: C, 67.21; H, 6.49; N, 3.92. Found: 
C, 67.22; H, 6.49; N, 3.86. 


TransesteriAcation Reactions-A typical transesterification reac- 
tion involved =lo0 mg. of thoroughly dried alkaloid (11-V as 
appropriate) and 2.5 ml. of 0.5 M base (sodium methoxide-meth- 
ancl or sodium ethoxide-ethanol). The reactants were placed in a 
capped vial and allowed to stand in a dry atmosphere at room 
temperature for 5 hr. Aqueous 5 %  acetic acid (30 ml.) was then 
added, and the solution was extracted repeatedly with 30-ml. por- 
tions of chloroform. The chloroform extracts were washed with 
5 acetic acid and 5 % sodium carbonate solutions and dried over 
sodium sulfate; upon evaporation, they yielded the appropriate 
dimethyl or diethyl esters. The esters were finally purified by dissolv- 
ing them in ether and passing them through a small column ( I  g.) 
of Brockmann grade 111 neutral alumina. Cephalotaxine was iso- 
lated by adding base to  the original aqueous acetic acid solution 
(to pH 10) and extracting the solution several times with chloroform. 
Evaporation of the dried chloroform extracts gave cephalotaxine. 
which was then recrystallized from ether. 


Methyl 3-Carbomethoxy-3,6-dhy droxy-6-methylheptanoate (VIII) 
and Ethyl 3-Carboethoxy-3,6dihydroxy-6-methylheptanoate (MI) 
-Alkaloid I1 (102 mg.) was transesterified (sodium methoxide- 
methanol) and yielded two products: I, 70 mg., m.p. 135-136", 
[ a ] ~  - 183" (c0.23 in chloroform); and VIII, 28 mg., colorless liquid, 
[ a ] ~  -18" (c 0.47 in chloroform), vmax: 3560 and 1740 cm.-l. The 
NMR spectrum of VIII gave signals at 6 1.19 (s, 6H, two equivalent 
methyl groups), 2.80 (4, 2H, J = 16 Hz., geminal protons in an 
isolated methylene group), and 3.64 and 3.77 (2s, 3H each, carbo- 
methoxyl groups). Two hydroxyl protons were observed (6 1.95 
and 3.95) and were readily exchanged with deuterium oxide. The 
mass spectrum of VIII showed no molecular ion but gave ions at 
m/e 231 (1 x), 215 (CIOHl5O5, 9), 171 (C9H1503, 3 9 ,  162 (25), 155 
(CBHI1Os, lo), 116 (3),99 (cbH7Oz914), 97 (CEHSO, 21),59 (58) ,  and 
31 (100). 


Anal.--Calc. for CllH200a (VIII): C, 53.21; H, 8.12. Found: 
C, 53.10; H, 7.78. 


Transesterification of I1 (111 mg.) with sodium ethoxide gave I 
(63 mg.) and the diethyl ester XI1 (36 mg.). The NMR spectra of 
VIII and XI1 are quite similar, except that XI1 exhibits two over- 
lapping quartets at 6 4.20 and two overlapping triplets at 6 1.25 
(two ethyl ester groups) rather than the methyl ester signals present 
in the spectrum of VIII. 


Methyl 3-Carbomethoxy-2,3-dihydroxy-6-methylheptanoate (IX) 
and Ethyl 3-Carboethoxy-2,3-dydroxy-6-methylheptanoate (XIII) 
-Alkaloid 111 (253 mg.) was transesterified (sodium methoxide- 
methanol) and yielded two products: I, 168 mg., m.p. 135-136", 
[U]D - 188" (c 0.41 in chloroform); and Ix, 71 mg., m.p. 92-93" (pe- 
troleum ether), [ & I  4-37' (c 0.45 in chloroform), vmnx : 3600 and 1740 
cm.-1. The NMR spectrum of IX gave signals at 6 0.87 (d, 6H, I = 
6 Hz., isopropyl group), 3.73 and 3.79 (2s, 3H each, carbomethoxyl 
groups), and 4.35 (s, lH, proton on carbon bearing secondary hy- 
droxyl). Two hydroxyl protons (exchangeable with deuterium oxide) 
were apparent as a broad singlet a t  6 3.33 (s, 2H). The 6 4.35 signal 
shifts downfield to 5.44 upon acetylation of IX. The mass spectrum 
of IX showed no molecular ion but gave ions at m/e 189 (5%) ,  99 
(CeHllO, 20), 90 (C3H~03, loo), and 81 (8). 


Anal.-Calc. for CllHZ0Oa (IX): C, 53.21; H, 8.12. Found: C, 
53.42; H, 7.75. 


Transesterification of I11 (1 16 mg.) with sodium ethoxide gave I 
(54 mg.) and the diethyl ester XI11 (29 mg.). The NMR spectra of 
IX and XI11 are quite similar, except that XI11 exhibits two over- 
lapping quartets at 6 4.22 and two overlapping triplets at 6 1.28 
(two ethyl ester groups) rather than the methyl ester signals present 
in the spectrum of IX. 


Methyl 3-Carbomethoxy-3,7-dhydroxy-7-methyloctmoate (X) 
and Ethyl 3-Carboethoxy-3,7-dihydroxy-7-methyloctanoate (XIV)-- 
Alkaloid IV (1  1 1  mg.) was transesterified (sodium methoxide- 
methanol) and yielded two products: I, 68 mg., m.p. 136-137O, 
[oI]D -189"(c0.51 inchloroform); and X, 37 mg., m.p. 34-35' (pe- 
troleum ether), [LYID - 18" (c0.70 in chloroform),v,,: 3560 and 1740 
crn.-l. The NMR spectrum of X gave signals at 6 1.18 (s, 6H, two 
equivalent methyl groups), 2.78 (4. 2H, J = 16 Hz., geminal pro- 
tons in an isolated methylene group), and 3.64 and 3.77 (2s, 3H 
each, carbomethoxyl groups). Two hydroxyl protons were observed 
(6 2.00 and 3.80) and were readily exchanged with deuterium oxide. 
The mass spectrum of X gave ions at m/e 245 (14z ) ,  229 (C11H1705, 


44), and 1 1  1 (C7H110,27). No molecular ion was observed; however, 
an M+ + 1 ion was detected with an excessive sample pressure, 
m/e 263 (273. 


Transesterification of IV (100 mg.) with sodium ethoxide gave I 
(54 mg.) and the diethyl ester XIV (32 mg.). The NMR spectra of 
X and XIV are quite similar, except that XIV exhibits two over- 
lapping quartets a t  6 4.20 and two overlapping triplets at 6 1.25 
(two ethyl ester groups) rather than the methyl ester signals present 
in the spectrum of X. 


Anal.--Calc. for ClrH2aOs (XIV): C, 57.91; H, 9.03. Found: C, 
57.91; H, 8.92. 


38), 185 (CIOH1703, 84), 169 (CsH,,Oa, 30), 167 (73), 162 (20). 145 
(C#i&, loo), 129 ( C E H ~ O ~ ,  55) ,  116 (CsHaO3, 34), 113 (CEH~OZ, 


REFERENCES 


(1) R. G. Powell, D. Weisleder, C. R. Smith, Jr., and W. K. 


(2) W. W. Paudler, G. I. Kerley, and J. R. McKay, J.  Org. Chem., 


(3) R. G. Powell, D. Weisleder, C. R. Smith, Jr., and I. A. WOW, 


(4) D. J. Abraham, R. D. Rosenstein. and E. L. McGandy, 


( 5 )  0. L. Chapman and R. W. King, J .  Amer. Chem. SOC., 86, 


(6) K. Biemann, in "Mass Spectrometry: Organic Chemical 


(7) K. L. Mikolajczak, R. G. Powell, and C. R. Smith, Jr., Tetra- 


(8) R. G. Powell, Phytochemistry, 11, 1467(1972). 


Rohwedder, Tetrahedron Lett., 1970, 815. 


28, 2194(1963). 


Tetrahedron Lett., 1969,4081. 


ibid., 1969, 4085. 


1256(1964). 


Applications," McGraw-Hill, New York, M. Y., 1962, pp. 55-57. 


hedron, 28, 1995(1972). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received October 18, 1971, from the Northern Regional Research 
Laboratory, Agricultural Research Service, U. S.  Department of 
Agriculture, Peoria, IL 61604 


Accepted for publication April 19, 1972. 
Presented at the 162nd National Meeting of the American 


Chemical Society, Washington, D. C., September 1971. 
The authors are indebted to Mrs. M. Wakeman and Mr. R. 


Freidinger for technical assistance; to  Mrs. C. E. McGrew for ele- 
mental analyses; to  Dr. D. J. Abraham and Dr. W. K. Rohwedder 
for mass spectra; to  Dr. W. W. Paudler for an authentic sample of 
cephalotaxine; and to Dr. W. H. Tallent, Dr. I. A. Wolff, Dr. R. B. 
Bates, Dr. J. L. Hartwell, and Mr. K. L. Mikolajczak for helpful 
discussions. 


References to  specific equipment or commercial firms are made 
for clarity and do not necessarily constitute endorsement by the 
U. S. Department of Agriculture over other products or firms not 
mentioned. 
A To whom inquiries should be directed. 


1230 0 Journal of Pharmaceutical Sciences 








GLC Analysis of Menadione Bisulfite Addition Compounds by 
On-Column Pyrolysis to Menadione 


VICTOR W. WINKLER', F. E. REGNIER*, JOHN M. YODER, and LOWELL R. MACY 


Abstract 0 The G C  determination of the on-column pyrolysis prod- 
uct of menadione bisulfite addition compounds as menadione is de- 
scribed. Differential thermal analysis, mass spectroscopy, and G C  re- 
tention times conclusively prove the feasibility of on-column pyroly- 
sis of menadione bisulfite addition compounds to menadione. Re- 
covery values of menadione content of powdered and liquid inject- 
able menadione bisufite compounds were the following: menadione 
sodium bisulfite (trihydrate) powder, 98.59 i 3.4%, 5 mg./ml. liquid 
injectable, 97.04 f 1.46%, and 10 mg./ml. liquid injectable, 100.40 
f 0.50%. 


Keyphrases 0 Menadione bisulfite addition products-GLC analy- 
sis, on-column pyrolysis to menadione, thermal decomposition con- 
firmed by differential thermal analysis and GC-mass spectroscopy 
Pyrolysis, rnenadione bisulfite to menadione-GLC analysis of 
menadione bisulfite addition products, thermal decomposition con- 
firmed by differential thermal analysis and GC-mass spectroscopy 0 
GLC-analysis, menadione bisulfite ciu pyrolysis to menadione 0 
Differential thermal analysis-determination, menadione bisulfite 
pyrolysis to menadione 0 GC-mass spectroscopy-determination, 
menadione bisulfite pyrolysis to rnenadione 


Menadione sodium bisulfite (sodium salt of 2-methyl- 
1,4-naphthoquinone-2-sulfonic acid) is a water-soluble 
derivative of menadione (2-methyl-l,4-naphthoqui- 
none); menadione is the primary synthetic analog with 
the physiological properties of vitamin K. The N F  XI1 
method for analysis of menadione sodium bisulfite 
consists of extraction of menadione with chloroform 
(formed from an alkaline solution of menadione sodium 
bisulfite), followed by a reduction step and ceric sulfate 
titration (1). Menadione sodium bisulfite also is quanti- 
tated by comparing the UV spectra of extracted mena- 
dione with a solution of menadione reference standard 
in chloroform (2). 


However, with chloroform extraction of menadione 
from an alkaline solution, decomposition of mena- 
dione subsequently results and often low recovery 
yields are obtained. To  avoid the decomposition prob- 
lem, Johnson (3) recently described a diatomaceous 
earth' chromatographic method which removes mena- 
dione from an aqueous alkaline solution nearly as 
quickly as it is formed. GC methods also have been 
used to analyze menadione and menadione sodium bi- 
sulfite solutions (4-6), but here again the chloroform 
extraction of alkaline solutions of menadione sodium 
bisulfite is employed. Without a doubt, direct analysis 
of menadione sodium bisulfite without alkaline treat- 
ment would be the method of choice. This report de- 
scribes a direct G C  analysis of menadione sodium bi- 
sulfite as the on-column desulfonated pyrolytic product, 
menadione. Results generated by differential thermal 
analysis and GC-mass spectroscopy establish that 


Celite. 
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menadione is the major volatile product of the thermal 
decomposition of menadione sodium bisulfite. 


EXPERIMENTAL 


Materials-The following materials were used : (a) reference 
standard of menadione NF2; (h )  menadione sodium bisulfite (tri- 
h ~ d r a t e ) ~ ;  ( c )  menadione sodium bisulfite complex (trihydrate)*; 
(d) 5- and 10-mg./ml. menadione sodium bisulfite injection solu- 
t i o n ~ ~ ;  (e )  diethyl phthalate for internal standards; (f') A. W. 
Chromosorb W support, 8&100 mesh."; (g) Gas Chrom Q support, 
1W120  mesh7; ( h )  OV-17 liquid phase6 (silylated); (i) Dexsil 300 
liquid phases; and ( j )  methanol, analytical gradeg. 


Pretreatment of Solid Samples-Methanolic solutions containing 
0.5 mg./ml. diethyl phthalate as the internal standard and 0.0625, 
0.10,0.25,0.50, 1.0, 1.5, and 2.0 mg./ml. menadione or 0.0625, 0.25, 
0.50, and 1 .O mg./ml. menadione sodium bisulfite (trihydrate) were 
employed to prepare the standard curves. Methanolic solutions con- 
taining 0.5 mg./ml. diethyl phthalate and 1.0 mg./ml. menadione 
sodium bisulfite complex (trihydrate) also were prepared for analy- 
sis. 


Pretreatment of Liquid Samples-Aliquots of 50 mcg. mena- 
dione sodium bisulfite (trihydrate) taken from 5- and lO-mg./ml. 
menadione sodium bisulfite injection solutions were placed in 2- 
ml. conical tubes (G. S.) and evaporated to  dryness at  37" with a 
stream of nitrogen. The evaporated samples were redissolved in 
methanol to a final concentration of 0.883 mg./ml., allowed to stand 
for 2-3 hr., and centrifuged immediately before G C  analysis. 


Column Preparation-2z OV-I7 on A .  W. Chromosorb W 
(Slylared)-Prior to coating, 19.6 g. of A. W. Chromosorb W, 80- 
100 mesh, was added to 100 ml. of chloroform in a 1-1. round-bot- 
tom indented boiling flasklo. This mixture was slurried for 2-3 min. 
To the slurry, 0.4 g. of OV-17 was added and mixed well for 2-3 
min. This mixture was placed on a rotating evaporator with high 
vacuum applied. After the chloroform evaporated, the material was 
left on the rotating evaporator for 2 hr. to ensure that it was dry. 
The flask occasionally was tapped to prevent the material from ad- 
hering to the sides which ensured even distribution of the liquid 
phase coating. The support was packed into a 1.83-m. (6-ft.) glass 
column with 0.32-cm. (0.125-in.) i.d., and the column was condi- 
tioned by attaching it to the inlet port only. The oven temperature 
was set at  250", and the carrier gas (nitrogen) flow rate was 25 ml./ 
min. The column was left overnight under these conditions. After 
conditioning, the 2% OV-17 column was silylated by injecting 
(about five times) 2 pl. of N,O-bis(trimethyl)acetamidell + tri- 
methylchlorosilanell (5 + 1 v/v) solution. 


3% Dexsil300 on Gas Chrom Q,  100-120 Meslz-The 3 % Dexsil 
300 column was prepared in a manner similar to that described for 
the 2% OV-17 column, but this column was not silylated. 


Differential Thermal Analysesl*-The samples studied were mena- 
dione, menadione sodium bisulfite (trihydrate), and menadione so- 
dium bisulfite complex (trihydrate). All analyses were performed 


2 Abbott Laboratories, North Chicago, Ill. 
3 Nutritional Biochemicals Corp., Cleveland,, Ohio. 


Hykinone, Abbott Laboratories, North Chicago, Ill.  
Aldrich Chemical Co., Milwaukee, Wis. 


6 Supelco, Inc., Bellefonte, Pa. 
7 Applied Science Labs., Inc., State College, Pa. 
8 Analabs, Inc., New Haven, Conn. 
9 Mallinckrodt Chemical Works, St. Louis. Mo. 
10 Morton G. S. 
11 Purchased from the Pierce Chemical Co., Rockford, Ill. 
1 2  Differential thermal analyses were carried out on a Dupont 9000 


DTA unit. 







under a nitrogen atmosphere. The settings used for each sample 
are described in Fig. 1. 


GC-Mass Spectroscopy-Mass Spectrum of Menadione Sodium 
BisulJite Products-A GC-mass spectroscopy instrument13 operated 
a t  70 ev. ionizing energy, 60 pamp. ion current, and 270" ion source 
temperature was used to obtain this speclrum. Sample introduction 
was by direct probe. 


Mass Spectrum of Menadione and Volatile Menadione Sodium 
Bisulfite Pyrolysis Product Obtainedjrom GC-Mass Spectroscopy- 
The spectrum was obtained from a GC-mass spectroscopy instru- 
ment13 operated under the same conditions as already described. The 
molecular separator temperature was set at  250" and the sample was 
introduced through the G C  inlet. A 2.4-m. (8-ft.) X 0.63-cm. 
(0.25411.) i.d. glass column, packed with lW120-mesh Gas Chrom 
Q with 3 % Dexsil 300, was used for all the combination GC-mass 
spectral analyses. The chromatographic conditions were the same 
as those already described. 


GC Analyses-A gas chromatograph14 equipped with the silyl- 
ated 1.83-m. (6-ft.) X 0.32-cm. (0.125-in.)i.d., 2z OV-17 on A. W. 
Chromosorb W 8&100-mesh column and a hydrogen flame-ioniza- 
tion detector was used for analysis of menadione and menadione 
sodium bisulfite compounds. The injector port temperature was set 
at  250", the column oven at  140", and the detector block at  235". 
The nitrogen flow rate was 25 ml./min., the hydrogen flow rate was 
25 ml./min., and the air flow rate was 300 ml./min. A recorderl5 with 
a chart speed of '/z division/min. and an integratorI6 with attenuation 
at  I ,  digital baseline corrector at  75% maximum, slope sensitivity 
of peak width at 30, and filtering of peak width at  10 were used. 
For each determination, a volume of sample solution (2 pl.)  con- 
taining 0.5 mcg./pl. of internal standard (diethyl phthalate) was in- 
jected at an attenuation of 32 X lo-" amp./mv. The (sample/inter- 
nal standard) counts ratio was applied to  a (menadionelinternal 
standard) standard curve to obtain milligrams of menadione per 
milliliter of sample. This value was then multiplied by the appro- 
priate factor to obtain the total content of the sample analyzed. 
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Differential Thermal Analysis-Differential thermal analyses 
were run to determine the thermal stability of menadione and mena- 
dione sodium bisulfite compounds. The results are shown in Fig. 1 .  


The ditrerential thermal analysis plot of menadione shows a strong 
endotherm at m.p. 105-107". There are no additional endotherms or 
exotherms until one exceeds 200". Therefore, one concludes that 
menadione is thermally stable up to  200". 


The diRerential thermal analysis plot of menatlione sodium bisul- 
fite (trihydrate) ( I )  shows several endotherms. One observes a strong 
endotherm at 1 1  5--120". There are two more small endotherms at  
142 and 161 ". It Is quite probable these are related to dehydration 
and phase transformations. Thermal gravimetric analysis would be 
helpful in furthei determining the chemical nature of these endo- 
therms. The major endotherm that appears above 200" has been 
shown to be desulfonation of I to menadione. 


The ditrerential thermal analysis plot of menadione sodium bisul- 
fite complex (trihydrate) (11) is nearly identical with that of 1. Again, 
there are several endotherms which are believed to be related to de- 
hydration and bisulfite complex bond breaking. The desulfonation 
endotherm of I1 appears a bit below 200". From these data, it ap- 
pears that it is feasible to  pyrolyze menadione bisulfite compounds 
upon injection into a G C  inlet port set above 200" and chromato- 
graph the resulting menadione pyrolysis product through a column 
set at  140". 


GC-Mass Spectroscopy-Mass spectral analyses of the volatile 
menadione bisulfite thermal decomposition product were carried out 
in two ways. In the first the bisulfite compound was introduced di- 
rectly into the ion source of the mass spectrometer in a small glass 
vial on the direct probe. The probe was heated until thermal de- 
composition occurred and a mass spectrum of the volatile products 
was taken. This technique results in the analysis of all volatiles 
produced in the decomposition. The second technique consisted of a 
combination GC-mass spectral analysis of the volatile product with 


l 3  LKB-9000. 
l 4  Varian model 2100, 
' j  Varian model 20. 
I C  Varian model 48 1. 
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Figure 1-Differential thermal analysis of: (top) menadione, (center) 
menadione sodium bisulfite (trihydrute), and (bottom) menadiorie 
sodium bisulfite complex (trihydrate). 


Vol. 61, No. 9, September 1972 [7 1463 







(2.0) Direct proba analysis on M S B . 3 H p  


loo 1 


g 8 0 -  
>: 
t -  cn 5 6 0 -  
I- z -  


50 100 150 172 


R 
I 


2 %  O V - 1 7  
I pg MENADIONE 
2 ~ 9  MSB.3H20 


or 


z w  INJECTOR 250' 
I- COLUMN 140' z :  =x H 2  FLAME 


E :  ATT 32 XIO-" 
I 


w a  = *  2 I  


50 


100 1 


100 150 172 
m l e  


] ( 2 , ~ )  GC-MS ono1yais on mmodionm 


I I 


50 100 
m/e 


150 172 


Figure 2-Mass spectral analysis of: (a) menadione sodium bisu&te 
(trlhydrute) direct probe uolutile pyrolytic product(s), (h) menadioiie 
sodium bisu&te (trihydrate) GC colatile pyrolytic product, atid (c) 
menadiotie GC colatile product. Conditions are giueti in text. 


G C  properties identical to menadione. GC-mass spectral analysis 
of both the volatile bisulfite decomposition product and menadione 
showed that mass spectra of these compounds (Figs. 26 and 2c) are 
identical. The mass spectrum of volatile product(s) obtained by di- 
rect probe analysis (Fig. 2a) is also very similar to the other spec- 
tra but has additional fragment ions at  m/e 64, 101, and 149. From 
these spectra, it may be concluded that the thermal decomposition of 
menadione bisulfite compounds yields menadione and at  least one 
additional volatile product. This additional product(s) exhibits a 
prominent fragment ion at  m/e 64 and apparently does not pass 
through the chromatograph for reasons of polarity or volatility. 
Thus, it may be concluded that menadione is a product of the ther- 
mal decomposition of the menadione bisulfite derivative. Although 
the pyrolysis equation (Scheme I)  shows sodium bisulfite as a by- 
product for convenience, the authors are aware that there is insuffi- 
cient evidence to determine the nature of the by-product(s), i .r . .  
products at m / ~  64, 101, and 149. 


0 


0 
menadione sodium bisulfite in 


methanol 


0 
menadione 


Scheme I-Pyrolysis of Metradiotie Sodium Bisulfte 


GC Analyses-Since it is now known that the various bisulfite 
addition products of menadione can be pyrolyzed to mena- 
dione, one is led directly into a GC analytical procedure for these 
derivatives. By adjusting the injection port temperature to 250" and 
the column temperature to 140", desulfonation of menadione bisul- 
fite occurs on initial injection and the resulting menadione 
pyrolysis product is chromatographed without being destroyed. 
There are no problems involved in the GC pyrolysis of bisulfite 
addition compounds, with the possible exception that the column is 
made acidic with the release of by-products as already mentioned. 
This is not a problem unless one attempts to  use the same column 
for analyses of acid-labile compounds. The pyrolysis conditions re- 
main constant for a t  least 2 months without further attention. 


A typical chromatogram is shown in Fig. 3. By using diethyl 
phthalate as an internal standard, the concentration of the test bi- 
sulfite sample is determined by comparing the menadione/internal 
standard peak areas and multiplying the menadione content by the 
appropriate factors: 1.92 for I or 2.56 for 11. 


The standard curve for menadione shows linearity as measured by 
internal standard ratios of integrated counts and/or menadione inte- 
grated counts against micrograms of menadione injected (Fig. 4). 
When the bisulfite addition products of menadione are pyiolyzed 
and subjected to  G C  measurements under the same conditions, the 
retention times are the same and peak areas are in proportion to  the 
theoretical menadione concentration. The plot of micrograms of 
menadione sodium bisulfite (trihydrate) uersiis micrograms of men- 


-- 
0 450 600 


Rt, sec. 


Figure 3-Gas chromatograni of metiadiorie aridlor menadione sodium 
bisuljite (rrihydrate) (MSB'3HzO) with dierhyl phthalate as internal 
standard. The 2% OV-17 012 A .  W. Chromosorb W ,  80-100 mesh, 
column is silylated. 
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Figure &Standard curve of menadione versus peak area integrated 
counts andlor (menadione/diethylphthalate) ratio counts. 


adione shows menadione sodium bisulfite (trihydrate) t o  be about 
52% menadione, in accordance with the molecular weight calcula- 
tion (Fig. 5). 


The accuracy and precision of the analytical method were tested 
on the following powdered and liquid samples: analytical grade 
(94+ %) and liquid injectable (5 and 10 mg./ml.) menadione sodium 
bisulfite (trihydrate) and commercial grade (33 + % menadione) 
menadione sodium bisulfite complex (trihydrate). 


For the powdered sample of I, six different concentrations at  
0.125,0.25,0.374,0.50,0.75, and 1.0 mg./ml. were assayed in tripli- 
cate, making a total of 18 different determinations. The final result 
showed 0.5127 mg. menadione/mg. bisulfite sample or 98.59 f 
3.4% CV of theory. 


The results for six determinations on the bisulfite complex sample 
showed 0.331 f 0.005 ( S D )  mg. menadione/mg. The commercial 
menadione sodium bisulfite complex usually contains about 
33 % menadione, and the G C  value obtained was statistically equiva- 
lent to the menadione content determined by UV analysis. 


The results for six determinations on the liquid injectable samples 
were as follows: 5 mg./ml. sample = 97.04 f 1.46% CV,  and 10 
mg./ml. sample = 100.40 f 0.50% CV.  When six liquid injectable 
samples were spiked with an additional 0.3 mg. menadione sodium 
bisulfite (trihydrate)/ml., the final recovery value was 101.27 f 
2.6% CV. 


CONCLUSION 


The G C  method described is accurate, sensitive, and specific for 
the determination of the menadione content in bisulfite addition 
compounds. The method is applicable to parenterals and solid and 
liquid dosage forms of menadione bisulfite compounds. 


The principle of the assay is on-column desulfonation of the bisul- 
fite upon injection at a temperature of 250” and subsequent chro- 
matography of the menadione pyrolysis product a t  a temperature of 
140”. Conclusive evidence of this process was obtained from dif- 
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Figure 5-Standard curves of menadionr~ and menadione sodium 
bisulfte (triliydrate) (MSB .3HzO) versus dietliyl phthalate internal 
standard. 


ferential thermal analysis, mass spectroscopy, and retention times of 
menadione and bisulfite addition compounds. 
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cis- and trans-3-Methylamino-2-phenyltetrahydropyran 


D. R. GALPIN', S. R. BOBBINK, and T. E. ARY 


Abstract 0 The syntheses of cis- and trarrs-3-methylamino-Z- 
phenyltetrahydropyran are described and their configurations are 
established by NMR. The stereochemistry of previously reported 
3-bromo-2-phenyltetrahydropyran was also ascertained. 


Keyphrases 0 3-Methylamino-2-phenyltetrahydropyran, cis and 
trutrs--synthesis, configuration established by NMR 0 3-Bromo-2- 
phenyltetrahydropyran-stereochemistry determined 0 NMR 
spectroscopy-configuration confirmation of cis- and rrutis-3- 
met hylamino-2-phenyltetrahydropyran 


As part of a series of studies on the configurational 
and conformational preferences for compounds in- 
volved in various biological processes utilizing adrener- 
gic amines, it was necessary to synthesize cis- and trans- 
3-methylamino-2-phenyltetrahydropyran (I and 11, re- 
spectively). These compounds are configurationally 
related to pseudoephedrine and ephedrine, respectively; 
in their predominant conformations, they represent 
single rotameric forms of their corresponding open- 
chain analogs. Subsequent to the synthesis of I, it was 
learned that this compound had been prepared by 
Jenkins (1) via an almost identical route. However, he 
did not stipulate the stereochemistry of his product. 
We now wish to report the synthesis of the trans-isomer 
I1 and to make configurational assignments to the 
products of the reaction sequence leading to I and I1 
(Scheme I). 


DISCUSSION 


The cis-isomer I was prepared by displacement of halide with 
methylamine from trutis-3-bromo-2-phenyltetrahydropyran (111). 
lsomerization of 1 in sulfuric acid yielded a mixture of I and 11 
consisting of 80-85% 11, from which the trarwisomer I1 was iso- 
lated by column chromatography over silica gel. The synthesis of 
111 was effected by the condensation of phenylmagnesium bromide 
with dibromotetrahydropyran according to Paul (2). 


Apparently the geometry of 111 obtained by this synthesis was not 
previously determined (1, 2). We established its configuration by 
NMR. Since the benzylic hydrogen is coupled significantly with 


H 
- 1  Qqq- CH,NH, 


H 
I11 


H H 


only one other hydrogen, its signal is uncomplicated and quite 
diagnostic for determining configuration. In carbon tetrachloride, 
the signal of this hydrogen appears as a doublet a t  4.236, exhibiting 
an apparent coupling constant of 9.5 Hz. and indicating axial-axial 
coupling to  the vicinal hydrogen a t  C-3. This result is consistent 
with the tetrahydropyran ring predominantly in a chair form, the 
aromatic group equatorially oriented, and a trarwconfiguration of 
the substituents (uide infru). 


The pertinent portions of the NMR spectra of the free bases of I 
and I1 in deuteriochloroform appear in Fig. 1. The spectrum of I 
shows a doublet for the signal of the benzylic hydrogen a t  4.576 
with a coupling constant of 1.9 Hz. The signal for the hydrogen a t  
C-3 appears as an unresolved multiplet at  2.838 with a W I / ~  of -7 
Hz., indicating that this hydrogen occupies predominantly an  equa- 
torial position. The assignment of this signal was confirmed by 
decoupling experiments in which irradiation of C-3 a t  2.836 re- 
sulted in the collapse of the doublet for the benzylic hydrogen into a 
singlet. The signals appearing between 4.57 and 2.836 are those of 
the axial and equatorial hydrogens a t  C-6. The signals of the re- 
maining hydrogens appear as a series of overlapping unresolved 
peaks from about 2.4 to 1.06. The low intensity peak just downfield 
from the signal for the C-3 hydrogen is a rotational side band from 
the N-methyl group. The coupling constant of 1.9 Hz. between the 
C-2 and C-3 hydrogens is consistent with values observed for axial- 
equatorial coupling (3, 4); this fact, in conjunction with the equa- 
torial orientation of the C-3 hydrogen, shows the product t o  be cis 


I /  n-2 


H-3 


4.57 2.8 3 


Scheme I 


Figure I-Porrions of the 60-MHz. NMR spectra of I (upper) arid 
I1 (lower) measured in about 1 M solurioris of deuteriochloroform. 
Chemical shifts are expressed in 6 units. 
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Figure 2-Tk  60-MHz. N M R  signal of the C-3 kydrogeri of I1 at 
the 100-Hz. sweep measured in about a I M solution of deuterio- 
cliloroform, sliowirig a first-order analysis .for upparent coupling 
constants. 


in configuration. While a coupling constant of 1.9 Hz. could also be 
indicative of equatorial-equatorial coupling for these hydrogens 
(3-5), making the product trans, such a configuration would re- 
quire a preferred conformation having the aromatic ring axial, which 
is highly unlikely due to  1,3-diaxial interactions. An equatorial 
orientation of the aromatic ring has been established for similar 2- 
phenylmorpholines (4), 2-aryl cyclohexylamines (6), and 2-aryl 
cyclohexanols (7). 


In the NMR spectrum of I1 in deuteriochloroform, the signal 
for the benzylic hydrogen a t  C-2 appears as  a doublet at  3.986 
superimposed on another signal exhibiting a coupling constant of 
8.8 Hz. which is consistent with axial-axial coupling. The vicinal 
hydrogen at  C-3 is a multiplet centered at  2.556, which is partially 
overlapped with the signal of another ring hydrogen. The breadth 
of this signal indicates that this hydrogen is also axially oriented and 
coupled with two adjacent axial and one equatorial hydrogens. 
These observations establish the predominant conformation of the 
tetrahydropyran ring as a chair, with the phenyl ring equatorial, and 
a trans-configuration for the compound. 


An expanded spectrum of the signal for the C-3 hydrogen of I1 is 
shown in Fig. 2. Because C-2 is bonded to  a n  electronegative oxygen 
atom whereas C-4 is not, it might be anticipated that the coupling 
constants of the C-3 hydrogen with the adjacent axial hydrogens a t  
C-2 and C-4 would differ. By a first-order analysis, this unequal 
coupling, in conjunction with that of the equatorial hydrogen at  C-4, 
should give rise to  an eight-peak multiplet for the C-3 hydrogen, 
since it is being split by three nonequivalent hydrogens with dif- 
ferent coupling constants. That this is the case can be seen in Fig. 2, 
where seven of the eight peaks are visible; the last is obscured by a 
portion of another signal. Analysis of this signal gives apparent 
coupling constants of Je,,,  (2,3) = 8.8 Hz., Ja,a (3,4) = 10.6 Hz., and 


The Grignard synthesis of 111 and the displacement of bromide 
from 111 t o  form I appear to  yield stereochemically pure products. 
The other geometric isomer of each could not be detected a t  any 
stage of the workup of these reactions by N M R  analysis, indicating 
a composition of a t  least 95% one isomer. These results strongly 
suggest that the Grignard reaction proceeds with complete retention 
of configuration and that the displacement of bromide is exclusively 


(3,4) = 4.0 Hz. 


by an S N ~  process. The results also show that the product reported 
by Jenkins (1) was the cis-isomer I. 


EXPERIMENTAL' 


trans-3-Bromo-2-phenyltetrahydropyran (111)-This compound 
was prepared according to Paul (2). Following distillation, it was 
recrystallized from methanol-water, m.p. 40.5-41.5' [lit. (1) m.p. 


cis-3-Methylamino-2-phenyltetrahydropyran (I)-This compound 
was prepared in an almost identical process as  that described by 
Jenkins (l), differing only in that n o  solvent other than methyl- 
amine was employed and the temperature was 100" for 40 hr. 
Yields were comparable. The hydrochloride salt meltedat 216217.5" 
[lit. (1) m.p. 216.5-218.5'1. 


trans-3-Methylamino-2-phenyltetrahydropyran (11)-This com- 
pound was obtained by isomerization of I in sulfuric acid in a pro- 
cedure similar t o  that oiitlined by Dvornik and Schilling (8) for the 
isomerization of phendimetrazine diastereoisomers. Five grams of I 
was dissolved in 20 ml. of sulfuric acid and allowed to  stand over- 
night. The solution was then diluted to  about 10 times its volume 
with water, made alkaline with solid sodium carbonate, and ex- 
tracted three times with small portions of ether. The combined ether 
extracts were washed twice with water and dried over anhydrous 
sodium sulfate. Following filtration and removal of solvent, the 
mixture of isomers, estimated to  be 8Cr85Z I1 from integration of 
the NMR spectrum, was chromatographed over silicic acid2 using 
chloroform-ethanol, 80:20, as  the eluent; 11 eluted first. Fractions 
were analyzed by NMR. The combined fractions containing I1 were 
distilled (60-66" a t  0.04-0.07 mm. Hg). The hydrochloride salt was 
prepared in ether and recrystallized from ethyl acetate-chloroform, 
m.p. 147-148.5". 


Anal.-Calc. for C12HI8C1NO: C, 63.29; H, 7.97; N, 6.15. Found: 
C, 63.35; H, 8.04; N ,  5.93. 


41.5-42.5 "I. 


REFERENCES 


(1) H. Jenkins, U. S. pat. 3,419,555; through Clrern. Absrr., 71, 


(2) R. Paul, BUN. Soc. Chim., 2, 311(1935). 
(3) H. Booth and G .  C. Gidley, Tetrakedrorr, 21, 3429(1965). 
(4) P. S. Portoghese, J. Med. Chern., 10,1057(1967). 
(5) L. M. Jackman, "Applications of Nuclear Magnetic Reso- 


nance Spectroscopy in Organic Chemistry," Pergamon, New York, 
N. Y., 1959, p. 86. 


(6) W. F. Trager and A. C. Huitric, J .  Pliarm. Sci., 54, 1552 
(1965). 


(7) A. C. Huitric and J. B. Carr, J. Org. Chem., 26,2648(1961). 
(8) D. Dvornik and G. Schilling, J.  Med. Chem., 8,466(1965). 


ACKNOWLEDGMENTS AND ADDRESSES 


3276w( 1969). 


Received November 15, 1971, from the College of Pharmacy, 


Accepted for publication February 9, 1972. 
Supported in part by Grant GM-16838 from the National In- 


stitutes of Health, U. S. Public Health Service, and by funds pro- 
vided for medical and biological research by State of Washington 
Initiative Measure No. 171. 


Waslzingtori State University, Pullman, WA 99163 


A To whom inquiries should be directed. 


1 The NMR spectra were obtained on a Varian T-60 spectrometer at 
37" using tetramethylsilane as the reference. Melting points were deter- 
mined on a Kofler micro hot stage and are corrected. The elemental 
analyses were performed by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 


2 Merck. 


964 0 JournaI of Pharmaceutical Sciences 








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


5-Fluorouracil and Derivatives in Cancer 
Chemotherapy I1 : Possible In Vivo 
Formation and Stabilization of 
5-Fluoro-2’-deoxyuridine 


Keyphrases 0 5-Fluorouracil-in vivo conversion to 5-fluoro-2’- 
deoxyuridine in presence of nucleosides 0 5-Fluoro-2’-deoxy- 
uridine--in uiuo formation from 5-fluorouracil in presence of nucleo- 
sides, stabilization Cancer chemotherapy-in vivo formation 
and stabilization of 5-fluoro-2’-deoxyuridine 


Sir. 


Following the synthesis of 5-fluoro-2’-deoxyuridine 
by Duschinsky et L I Z .  (l), it was shown that the nucleoside 
was approximately lo3 times as effective as 5-fluoro- 
uracil in vitro (2). Ansfield and Curreri (3) suggested 
that this drug has profound advantages in the treatment 
of breast and colon cancer. However, the relatively high 
effectiveness of 5-fluoro-2‘-deoxyuridine in respect to 
5-fluorouracil has not been borne out in further in uivo 
systems. This probably can be attributed to the fact that 
5-fluoro-2’-deoxyuridine, like other pyrimidine nucleo- 
sides, cleaves and gives rise to the pyrimidine base and 
the sugar moiety (4). This apparent instability in viuo 
has been a serious problem in the utilization of this 
drug in cancer chemotherapy. 


We have become interested in conducting bio- 
pharmaceutical and pharmacokinetic studies on 5- 
fluorouracil as well as its derivatives such as 5-flUOrO- 
2’-deoxyuridine. Preliminary work for this study has 
involved the development of analytical procedures for 
5-fluorouracil ( 5 )  and 5-fluoro-2’-deoxyuridine. The 
work dealing with the analysis of 5-fluoro-2‘-deoxy- 
uridine revealed that the instability or cleavage of the 
drug observed in in uiuo systems continues in blood 
samples in vitro to the extent that approximately 75z 
of the drug is destroyed in 24 hr. Obviously, any 


Table I-Stability of 5-Fluoro-2’-deoxyuridine in the Presence 
of Other Nucleosides under Dialysis Conditions 
in Whole Human Blood 


S-FluO- 
ro-2‘-de- 
oxyuri- 


dine 
Initial Initial Found 


5- Fluoro-2 ’- (Other after 
deoxyuridine, Nucleoside), 24 hr., 


Combination M M z 
5-Fluoro-2’-deoxy- 2 .14 X lW4 2.03 X 10-3 82.6 


uridine + 5-trifluoro- 
methyl-2’-deoxyuri- 
dine 


dine + deoxyuridine 


dine 


5-Fluoro-2’-deoxyuri- 2.07 X 2.63 X 58.6 


5-Fluoro-2’-deoxyuri- 4 .14  X - 25.1 


Table II-5-Fluoro-2’-deoxyuridine Derived from 5-Fluorouracil in 
the Presence of Various Nucleosidesa 


~~ 


Percent 
Initial 5-Fluoro- Conver- 


Concentration of 2’-deoxyuridine sion 
Nucleoside, Found, after 


Combination M M 24 hr. 


5-Fluorouracil + 2.00 X 1.38 X lW4 35.8 
deoxycytidine 


7-trifluoromethyl-2’- 
deox y uridine 


deoxyuridine 


5-Fluorouracil + 2.00 x 1 0 - 3  1.99 x 10-4 51.7 


5-Fluorouracil + 2.44 X lo-* 2.44 X 63.4 


5 Initial [5-fluorouracil] = 3.85 X 10-4 M under dialysis conditions in 
whole human blood. 


analytical method must be capable of determining the 
level of the drug present at the time samples are with- 
drawn from the patient. Therefore, it was necessary to 
stabilize the 5-fluoro-2’-deoxyuridine. 


A survey of the literature indicated that others had 
made this attempt utilizing two approaches: (a) the 
introduction of methylated 5-fluoro-2’-deoxyuridine 
derivatives (6), and (b) the use of substances believed to 
inhibit nucleoside phosphorylase (7,8). 


It has been reported that compounds such as 5 -  
trifluoromethyl-2’-deoxyuridine were reasonably suc- 
cessful. Some simple dialysis studies were carried out in 
which human blood was placed in a dialysis cell, as in 
our previous report (5 ) .  Samples of 5-fluorouracil and 
5-fluoro-2’-deoxyuridine were each dialyzed under 
conditions of added nucleosides. The results, as shown 
in Tables I and 11, indicate two findings: 


1. The cleavage of 5-fluoro-2’-deoxyuridine is in- 
hibited. 


2. 5-Fluoro-2’-deoxyuridine is formed from 5-fluoro- 
uracil and the nucleosides. 


These findings, which we feel are highly significant, 
tend to suggest that the previous so-called inhibition of 
nucleoside phosphorylase may to some part be due to a 
reversible reaction which leads to  the formation of 
5-fluoro-2’-deoxyuridine. It is also significant that this 
reaction did not take place in simple aqueous buffer 
solutions but must be catalyzed by some blood com- 
ponents. 


The impact of this finding on the clinical use of 
5-fluorouracil and 5-fluoro-2’-deoxyuridine has led us 
to investigate this reaction further. It appears that the 
reaction of Scheme I might to some extent explain our 


5-fluorouracil + pyrimidine base. deoxyuridine -S 
5-fluoro-2’-deoxyuridine + pyrimidine base 


Scheme I 


findings and also be the basis to explain some of the 
rather anomalous findings of other investigators (9). 


Each sample of blood containing the drug(s) was 
dialyzed against a pH 7.4 phosphate buffer for 24 hr. 
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After this period, a known volume of the dialyzate was 
evaporated to dryness, dissolved in a known volume of 
absolute ethanol, and spotted on a fluorescent thin- 
layer plate. Following multiple-pass, discontinuous 
developing in a developer consisting of ethyl acetate- 
absolute alcohol-I0 aqueous ammonia (200: 5 : 2), 
the air-dried plates were scanned using a thin-film 
scanning attachment for a spectrophotofluorometerl. 
An activation wavelength of 280 nm. and a fluorescent 
wavelength of 530 nm. were used. The scan was quanti- 
tated by comparing areas of unknowns to  those of 
known standard compounds. 


The data show that the exchange reaction did take 
place for all the nucleosides tried. Furthermore, for 
optimum conversion of 5-fluorouracil t o  5-fluoro-2’- 
deoxyuridine, an excess of the nucleoside is necessary. 


The implication for cancer chemotherapy is that one 
can, by using an excess of a relatively inexpensive, 
possibly nontoxic substance like deoxyuridine, obtain 
within the body at desired levels the more effective 
5-fluoro-2‘-deoxyuridine from 5-fluorouracil. Obtaining 
5-fluoro-2’-deoxyuridine this way may provide an 
antitumor agent for such forms of cancer as rectal 
cancer, for which 5-fluoro-2’-deoxyuridine seems by far 
superior to 5-fluorouracil. The hope that such a con- 
version may in  fact take place is supported by the 
results of the extensive study of inhibitors referred to  
earlier in this report (4). In light of the present 
results, Birnie and Heidelberger’s observation of great 
toxicity in the use of uridine with 5-fluoro-2’-deoxy- 
uridine may be explained in terms of the exchange re- 
action, where one of the products is the very toxic 
5-fluorouridine. As an extension of this, it may be sug- 
gested that the effect which has up to now been attribu- 
ted to inhibition of the nucleoside phosphorylase may 
be due to a contribution from the exchange reaction 
noted earlier. 


Experiments to test this speculation of the increased 
efficacy of 5-fluorouracil and 5-fluoro-2‘-deoxyuridine 
are now underway in mice?. Preliminary data on both 
solid and liquid tumors appear to bear out the initial 
findings. These results will be published. 


( I )  R. Duschinsky, E. Pleven, J. Malbica. and C. Heidelbcrger. 
Abstracts of the 132nd Meeting of the American Chemical Society, 
1957, p. 19C. 


(2) K.  L. Mukherjee and C. Heidelberger, Concur Res., 22,815 
( I  962). 


(3) F. J. Ansfield and A. R. Curreri, Cuncer Chemorher. Rep., 
32, lOl(1963). 
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61, 361(1972). 
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Conformational Stabilization by o-Methyl 
Groups of a Sulfanilamide 


Keyphrases 0 Sulfanilamides-nformational stabilization by 
o-methyl groups, NMR, PMR spectroscopy 0 Conformation, 
sulfanilamides-NMR evidence for stabilization by o-methyl 
groups 0 NMR spectroscopy -stabilization of sulfanilamides 0 
PMR spectroscopy-stabilization of sulfanilamides 


Sir : 


The conformational attributes of drug molecules are 
frequently alluded to in order to  account for variations 
in  drug response among members of a noncongeneric 
or pseudocongeneric series. Conformationally distinct 
molecules might be expected to differ in  their physical 
properties, e.g., partition coefficient ( I )  or pKa (2), 
and in this way differences between the magnitudes of 
their biological responses could be “explained.” 
Alternatively, the conformational distinction between 
molecules could be translated at the receptor level as 
providing differing degrees of stimulus which, in turn, 
become elicited as variations in the relative responses. 
The relative importance of each of these alternatives 
most probably will have to be established for each drug 
system of interest, but studies having this intent are 
notably lacking in the literature. In view of recent prog- 
ress in the study of sulfonamide action (3, 4), i t  seems 
appropriate to  point out certain of our experimental 
findings which have significance in relation to the con- 
formational attributes of sulfanilamides in solution. 


Table I-Calculated Chemical Shifts for the Sulfanilyl Ring 
Protons of Some N1-Phenylsulfanilamides 


A b  
sorbance of 


Anilyl Ring N4-Acetyl Jobs, Ortho Meta 
Substituent Derivative 6, H Z . ~  Hz. 6.4, Hz. 6 ~ ,  Hz. 


45.8 8 . 8  18 .0  73.6 2-CH30 S 
47.5  8 . 8  23.6 71 .4  
46.7 9 . 0  21.9 71.6 


2-CH3; 6-CH3 Q 
44 .2  8 .9  16.6 71 .9  
44.8 8 . 8  17.2 72.4 


2-CH 3 
2-c1 
2-Br S 
2- I S 44 .0  8 . 9  16.8 71 .2  


39 .5  9 . 0  9 .7  69 .4  2-NO? S 


? 


a Chemical shift measured to center of patterr. relative to the sul- 
fanilyl ring absorption of N‘-acetylsulfanilamide (singlet, T 2.30). 
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Functional Group Contribution in Ion-Pair 
Extraction of Tricyclic Amines 


HO-LEUNG FUNG' and YIM-HING OW 


Abstract 0 The use of ion-pair extraction data to obtain group 
contribution values necessitates an assumption of countcrion in- 
dependency. This assumption was examined in the present study, 
using the extraction of four tricyclic antidepressants with several 
anions as examples. It was found to  be valid, and a consistent 
relative functional group value could be obtained when substitu- 
tion on the tricyclic amines was distant from the charged center. 
However, when substitution was a t  the charged center, as exem- 
plified by comparison of the methylated and demethylated anti- 
depressants, the observed group contribution value was anion de- 
pendent. 


Key phrases Ion-pair extraction of tricyclic amine antidepressants 
-functional group contribution, linear free energy relatioriships 
Tricyclic amine antidepressants-ion-pair extraction, ftinctional 
group contribution, linear free energy relationships 0 Linear free 
energy relationships-tricyclic amine antidepressants 0 Functional 
group contribution in ion-pair extraction-tricyclic amine anti- 
depressants 0 Counterion independency-interrelationship between 
ion-pair extraction and group contribution, tricyclic aminc: antide- 
pressants 


The functional group contribution approach, first 
proposed by Butler ( I ) ,  has recently been applied to 
pharmaceutical systems to permit thermodynamic 
analyses of structure -activity relationships of drugs 
(2) and of buccal (3) and intestinal (4) absorption data 
of n-alkanoic acids. Individual functional group con- 
tribution values, F values, can be derived from various 
physicochemical measurements '. Recently, it has been 
suggested that these values can also be obtained from 
ion-pair extraction data (2). This method, however, 
necessarily assumes that F is independent of the counter- 
ion with which extraction is effected (see Appmdix); 
otherwise, its usefulness would be severely limited. 
Validity of this assumption, on the other hand, not 
only would allow consistent F values to be obtained 
but it would also permit, in principle, apriori prediction 
of ion-pair extraction constants from previously docu- 
mented group contribution values. 
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I: imipramine, R = CH, In: amitriptyline, R = CH3 
I1 desipramine, R =  H IV: nortriptyline, R = H 


~ 


1 S. S. Davis, T. Higuchi, and J. H. Rytting, personal communica- 
tion. 


The present article is concerned with the preliminary 
testing of the validity and limitations of this assumption 
of counterion independency in the interrelationship 
between ion-pair extraction and group contribution. 
The ion-pair extractions of four tricyclic antidepressants 
(I-IV) and several anions were used as examples. 


EXPERIMENTAL 


Reagents-The tricyclic amines were donated by their respective 
manufacturers* and were used without purification. Inorganic coun- 
terions were present as their sodium or potassium salts, all of which 
were of analytical reagent grade. p-Toluenesulfonic acid was the 
monohydrate crystal. 2-Naphthalenesulfonic acid was recrystallized 
from an etherxhloroform mixture, and the white crystals obtained 
were dried in a vacuum oven for 8 hr. 


A 0.1 N sulfuric acid solution was prepared from standardized 
1 N solution3 and distilled water. Chloroform (analytical grade) was 
washed with distilled water three or four times before it was co- 
saturated with 0.1 N sulfuric acid solution; these solvents were 
then used immediately. 


The Extraction Constant-The extraction of ion-pairs into the 
organic layer may be represented by Eq. 1 ( 5 ) :  


BH+., + X, e BH+X,,, 0%. 1) 


where BH+,, represents the protonated amine in the aqueous 
phase; X-,,, is the anion in the aqueous phase, and BH+X-,,, is 
the ion-pair in the organic phase. The ion-pair extraction constant, 
E, is defined as in Eq. 2: 


In the absence of side reactions, such as dimerization and tetra- 
merization of the ion-pair in the aqueous or organic phase (6) ,  the 
extraction constant can be directly obtained from the slope of plot 
of [BH+X-I,,, cersus [BH+],,[X-],,. In the concentration ranges 
employed, all of the systems studied showed good linear plots. It was 
then possible to neglect contributions from side reactions. In some 
cases, a small positive intercept was obtained, presumably due to 
the contribution from the partitioning of the free base and/or the 
sulfate ion-pair. This, however, did not affect the magnitude of the 
extraction constant obtained from the slope of the plot. 


Procedure for Determination of Ion-Pair Extraction Constants- 
The tricyclic amine hydrochloride and counterions were dissolved 
separately in 0.1 N sulfuric acid solution presaturated with chloro- 
form. Different volumes of the two solutions were mixed and ad- 
justed to volume so as to provide various initialconcentrations of the 
amine and counterion ([a~nine],,~.l, 10-4-10-3 M; [X-Itot,~, lo-'- 
lo-' M depending on X-). The aqueous phase was then added to a 
known volume of chloroform, previously saturated with 0.1 N 
sulfuric acid, in a centrifuge tube. The solutions were tumbled 
end-over-end continuously at 25.0 d~ 0.2" for at least 20 min. The 
phases were then allowed to separate on standing or centrifuging, 
and an aliquot of the aqueous phase was obtained through a pipet, 
the tip of which was wrapped with glass wool t o  remove any minute 
globules of chloroform. The concentration of unextracted amine 


* Desipramine hydrochloride and imipramine hydrochloride from 
Geigy Pharmaceuticals, Division of Ciba-Geigy Corp.. Ardsley. N. Y.; 
nortriptyline hydrochloride from Eli Lilly and Co.. Indianapolis, Ind.; 
and arnitriptyline hydrochloride from Merck Sharp and Dohme, West 
Point, Pa. 


Dilut-it, J. T. Baker Chemical Co.. Phillipsburg. N. J. 
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Table I-Log E of Tricyclic Amines with Various Anionsa 


[NTPHl.,[CIO~]., X lo7 


Figure 1-Extraction of nortriptyline cation by perchlorate by single 
extraction procedure. 


was then determined spectrophotometrically at the appropriate 
wavelength. Since the pH was sufficiently low so that the con- 
centration of the free base, [B],,. could be ignored, [BH'-X--],,, was 
obtained by [amine]&t,,l - [BH+],, (with the appropriate volume 
correction factor). In cases where [BH+X-I,,, was experimentally 
determined by UV measurement of the organic phase, the experi- 
mental concentration was found to be the same as the calculated 
one. When [X-Itot,~ >> [amineltotal, [X-]>, was approximated by 
[X-IMt.l; otherwise, appropriate correction was made to account for 
loss due to ion-pair formation. 


When the anion interfered with the UV determination of the 
amine in the aqueous phase, a double-extraction procedure was 
employed in which the aqueous aliquot was made alkaline with 
0.1 N NaOH and subsequently extracted with cyclohexane. The 
amine concentration was then determined by UV measurement of 
the cyclohexane phase, using a calibration curve obtained under 
ident ical conditions. 


Strongly buffered solutions were not used in this study, because 
formation of ion-pairs between buffer salts and all the amine cations 
was extensive. The effect of ionic strength on the extraction con- 
stants was found to be small, since addition of sodium sulfate had 
a negligible effect on the extractions. Thus, under the experimental 
conditions described, reproducible results were obtained without a 
rigorous control of pH and ionic strength of the aqueous phase. 


RESULTS AND DISCUSSION 


Figure 1 shows a typical plot of Eq. 2. The data shown were for 
the single extraction of nortriptyline with perchlorate ([amineIbt.l = 
5.6 X M ) .  The slope ob- 
tained for this plot, which is identical to the extraction constant E.  
was found to  be 31.2 M--I. Figure 2 shows a plot of Eq. 2 for the same 
extraction system, except that a double-extraction procedure (see 


M;[C1O,-]t,t,l = 6 X 10-'-6 x 


Figure 2- -Exrraciioii of' nortriptyliiie cation by perclilorate by 
doiibfe exrruction procedure. 


p- Log E - 
Anion ramine ramine tyline tyline 


Imip- Desjp- Amitrip Nortrip- 


Chloride 2.14 0.42 2.30 0.49 
Bromide 2.71 0.94 2.90 1.10 
Chlorate 2.78 1.43 2.98 1.51 
Nitrate 3.06 1.17 - 1.32 
Iodide 3.61 2.31 - - 
p-Toluenesulfonate _ _  - 3.74 3.01 
2-Napht halenesulfonate - - 4.28 3.98 


a Solvent was chloroform. 


Experinientol section) was used and the concentrations of the ex- 
tracting species were higher ([amineIbt,~ = 9 X lo-' M ;  [C104-]t,t.l 
= 2 X 10-3-6 X lo-' M ) .  The extraction constant was found to be 
32.6 M - *  from this plot. Lt can be seen that within the  ranges of 
concentration used, the extraction constant appeared to be relatively 
insensitive to concentrations of the species added and, hence, to 
any slight variation of pH and ionic strength resulting from different 
initial concentrations of the amine hydrochloride and the counter- 
ion. Similar results were obtained for all extraction systems. Table 
I tabulates log Eof  the four lricyclic amines with the anions studied. 
These extraction constants may be examined in two separate fash- 
ions. 


First, the azepine tiicyclic compounds [iniipramine ( I )  and desip- 
ramine (l l)]  may be compared with the cycloheptene series [ami- 
triptyline ( I l l )  and nortriptyline (IV)]. Compounds I and I l l  and 
Compounds I I  and IV, respectively, are structurally identical except 
for one constituent group connected with the tricyclic ring; i.e., 
the >N-CH, - group (group (1) i n  1 and 11 is replaced by the 
>C--CH- group (group b)  in 111 and 1V. Thus, it is possible to 
obtain the group contribution value of N relative to h from extraction 
constants of either the imipramine amitriptyline pair or the 
desipramine -nortriptyline pair. 


Figure 3 shows a linear free energy plot in which the logarithms 
of the ion-pair extraction constants of the azepine tricyclic amines 
were plotted against their corresponding cycloheptene tricyclic 
analogs. For the anions shown, a linear relationship was obtained. 
The slope of the line was, within experimental errors, unity and the 
x-intercept was found to be 0.15. The latter value, therefore, rep- 
resented the group contribution value of the >C=CH- moiety 
relative to that of the >N-CH2-- moiety. It is apparent that i n  
this instance, a consistent group value could be obtained irrespec- 
tive of: (u )  the choice of counterion, and (b )  the extent of substitu- 
tion at  the terminal aliphatic nitrogen atom. The cycloheptene 
derivatives were 1.4 times more extractable than their corresponding 
azepine Compounds. 


Second, the tetriary amines ( I  and 111) may be compared with 
their corresponding secondary amines ( I 1  and IV) to obtain the 
group contribution value of the N-substituted methyl moiety. A 
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Figure 3-Liireur Jree energy plot of estrucrion constaiirs: uzepine 
versus cyclolieprene tricyclic utiiidqmssmiis. Key: A, irnipramine 
versus rrmitriprylino; orid., desipraniine versus nortript>he. 
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Table 11-Calculated Group Contribution Constant Valucs, A log 
E, for the N-Substituted Methyl Group from Different Ion-Pairs 


log EI - log L ~ I I I  - 
Anion log EII log EIV 


Nitrate 1.89 __  
Bromide 1.77 1.80 
Chloride 1.72 1.81 
Chlorate 1.35 1.47 
Iodide 1.30 -_ 


0 73 p-Toluenesulfonate - 


0 30 2-Naph thalenesulfonate - 


similar linear free energy plot (Fig. 4) showed, however, that this 
value was highly anion dependent (Table 11). For example, the 
extraction of the tertiary amines was approximately 80 tirnes more 
favorable than that of the secondary amines with the nitrate 
anion; for the 2-naphthalenesulfonate anion, the tertiary amines 
were only about twice more extractable. 


These preliminary data, therefore, indicated some serious limita- 
tions in the assumption of counterion independency in the utiliza- 
tion of ion-pair extraction constants to obtain group contribution 
values. When alteration of substituent groups were carried out 
away from the charged center, as when azepine derivatives were 
compared with the cycloheptene derivatives, the assumption seemed 
to hold and a consistent group contribution value could be obtained 
from ion-pair extraction data. Conversely, u priori prediction of 
ion-pair extraction constants might then be possible in these systems. 
However, the assumption was shown to  be invalid when substitu- 
tion was carried out at  the charged head, in which case the mutual 
application of group contribution approach and ion-pair extraction 
was not appropriate. 


The observed results may be rationalized in terms of the funda- 
mental premise of the group contribution approach vis-a-vis the 
the energetics of ion-pair extraction. The group contribution ap- 
proach is essentially an extrathermodynamic one, utilizing linear 
free energy relationships (see Appendix). Its validity is, 1 herefore, 
based on the assumption that the total free energy change involved 
for the process is additively composed of independent contributions 
from the constituent groups’. The addition or alteration of a con- 
stituent group must not, according to this assumption, cause a 
concomitant change in the contributions of other functional groups. 
This criterion, when applied to  ion-pair extraction, requires that 
the mechanism of electrostatic interaction and subsequent solvation 
of the ion-pair, the main driving force for extraction, be essentially 
unchanged on substitution; otherwise, the relative coniributions 
from functional groups would be severely affected. This criterion 
was apparently met when the azepine tricyclic compounds were 
compared with their corresponding cycloheptene derivatives to  
obtain the group contribution value of the >C=CH-- moiety 
relative to the >N-CH2- group. This was expected since alteration 
of the constituent group was too distant from the charged center t o  
affect significantly the mechanism of electrostatic interaction be- 
tween the terminal nitrogen cation with each individual anion and 
subsequent solvation of the ion-pair. On the other hand, N-methyl 
substitution at the charged head of the tricyclic amines probably 
affects the hydrogen-bonding capability and/or the steric: arrange- 
ment of the cation so that the mechanism of electrostatic interaction 
and solvation becomes anion dependent. 


APPENDIX 


If the group contribution approach can be applied t o  ion-pair 
extraction systems, it will then be possible to write a linear free 
energy relationship (Eq. I )  to describe the extraction: 


AGACX) = AGaicx) 0%. Al )  
A i  


where AGA(s) is the “overall” free energy change involved for the 
extraction of cation A and anion X ;  A i  represents the ith functional 
group which constitutes A; and ACA,~X) ,  therefore, represents the 
partial free energy contribution for the extraction of the functional 
group, Ai, with anion X .  Assuming that activity coefficient correc- 


1 2 3 4 
LOG E (SECONDARY AMINE) 


Figure 4-Linear free energy plot of extraction consraiits: methy- 
luted versus demethyluted tricyclic antidepressatits. Key: 0,  im- 
iprumiiie versus desiprumiiie; uiid A, umitriptyliiie versus tiortrip- 
tyletie. PTS = p-toluetiesulfotiate, atid NS = 2-iiuphthaleriesul fotiate. 


tions are negligible: 


ACACX) = -RTIn EA(x)  (Eq. A21 


where EA(x)  is the ion-pair extraction constant for ions A and X .  
From Eqs. A1 and A2: 


log EACX) = log w,(x) (Eq. A3) 
Ai 


where C A , ( S )  represents the partial contribution of functional group 
A,  to the total ion-pair extraction. This parameter is similar to the 
Fvalue as definied by Higuchi and Davis (2). 


A relationship similar to Eq. A3 can be written for any other 
cation, e.g., B ;  thus: 


Bi 


If the functional groups that constitute both A and B are all 
identical except for one functional group, e.g., Group (1 in Com- 
pound A is replaced by Group b in Compound B,  it follows that: 


log - log &(x) = log E ~ ( x )  - log € b ( X )  (Eq. A5) 


This relationship is also valid for any other counterion, e.g., Y: 


(Eq. A61 


The terms on the right-hand side of Eqs. A5 and A6 then rep- 
resent the group contribution value of Group a relative to  Group 
b as obtained from the ion-pair extraction with anions X and Y,  
respectively. These two values, as well as those obtained with other 
anions, should be identical if ion-pair extraction data are to  be used 
to determine functional group contribution values. It follows then 
that the relative extraction constant of cation A over cation B is 
also anion independent: 


log EA(Y)  - log EB(Y) = log t a ( ~ )  - log Cb(y)  


log EA - log EB = constant for all anions (Eq. A7) 


Equation A7 is, in effect, a Hammett up relationship (7) extended 
to ion-pair extraction. A similar equation can, of course, be derived 
when substitution in the anion is considered instead. 
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Influence of Gibberellic Acid on 
Growth, Flowering, and Alkaloidal Content of 
Atropa belladonna L. Grown in Egypt 


F. REDA’ and S .  A. BAKER 


Abstract 0 Gibberellic acid seed treatment and dripping at the 
fourth to fifth leaf stage of Atropu belludonnu L. increased the stem 
length, number of leaves, and number of branches. Gibberellic acid 
had a differential effect on the area of the leaf at different internodes. 
The dry weight of shoots of treated plants was increased, especially 
at the full-flowering stage. A pronounced increase in the alkaloidal 
content was obtained in the shoots of treated plants at 50 mg./l. 
gibberellic acid, especially at flowering phases. 


Keyphrases 0 Gibberellic acid-effect on growth, flowering, and 
alkaloidal content of Atropu belladonna L. 0 Atropa belladonna L.- 
effect of gibberellic acid on growth, flowering, and alkaloidal con- 
tent 0 Plant growth regulators-effect of gibberellic acid on Atropa 
belladonna L. 


Gibberellic acid has been reported to  influence the 
vegetative growth, flowering process, and major 
metabolic pathways i n  plants (1-5). In addition, its 
influence on the biosynthesis of some active constituents 
of medicinal plants has been studied, especially on 
Datura stramoiiiirm L., Catharanthus roseus L., Hyoscy- 
amus niger L., and Atropa belladonna L. (6-12). 


This work was carried out to  study the effect of soak- 
ing the seeds in gibberellic acid and then dripping gib- 
berellic acid on the same plants raised from the treated 
seeds on the growth, development, and alkaloidal pat- 
tern of A .  helladonna L. at different physiological stages. 


EXPERIMENTAL 


Growing the Plant-Seeds of A. belladonna L. were germinated in 
culture flats. After 1 month, the uniform young seedlings (two to 
three leaves) were transplanted into small pots and were kept there 
for an additional month. The plants were then transferred to larger 


1 The seeds of A .  belladonna L. were supplied through the courtesy 
of Prof. Dr. R.  T. Voigt, College of Pharmacy, University of Illinois 
at the Medical Center, Chicago, IL 60680. 


pots (30 cm. in diameter), containing 12 kg. of soil*, until the end of 
the experiment. At I-month intervals, plants within each pot were 
fertilized with 3 g. of a mixture containing calcium superphosphate, 
potassium sulfate, and calcium nitrate. 


Treatment-The seeds were soaked for 24 hr. in different concen- 
trations of a freshly prepared aqueous solution of gibberellic acid3 
(25, 50, and 100 mg./l.). Furthermore, 2 ml. of the same concentra- 
tions of gibberellic acid was dripped on the terminal buds and the 
young unfolded leaves of the plants raised from the treated seeds. 
Dripping of gibberellic acid was carried out, using a graduated 
pipet, at the fifth to sixth leaf stage. Dripping was repeated four times 
at  4-day intervals. 


Samples of the shoots and roots from each treatment were drawn 
at random for dry weight determination before flowering, a t  flower 
budding, at full flowering, and at fruiting stages. The samples were 
dried to constant weights in a circulating hot air oven at  70°, 
reduced to powder (40 mesh), and stored in airtight containers for 
chemical analysis. The leaf area per plant (after 10 days from the 
end of gibberellic acid dripping) was determined using a planimeter. 


Growth and Flowering Studies-The length of the main stem and 
each of the successive 10 internodes, as well as the number of leaves 
and branches, was recorded at 10-day intervals. Flowering and fruit- 
ing dates were also recorded. The flowering date was calculated as 
the days from germination to the appearance of the first visible flow- 
erbud for each treatment. The numbers of flowers and fruits were 
recorded daily. In all cases, the mean of 10 plants for each treat- 
ment was calculated. 


Alkaloidal Content Determination-Extraction of the alkaloids 
from the plant samples was carried out according to the procedure 
of Allport and Wilson (13). The spectrophotometric determination 
of the alkaloids was performed using the method of Durick e f  a/ .  
(14). The total alkaloidal content was calculated as milligrams hyo- 
scyamine per gram dry weight as well as per dry weight of every plant 
organ. 


Statistical Analysis-Available data were subjected to analysis of 
variance to calculate the F test and the least significant difference at 
0.01 according to the design of complete randomized plots with in- 
teraction (15). The least significant difference was calculated between 


2 Loamy clay soil having the following mechanical analysis: sand, 


3 Gibberellic acid was supplled by Merck Sharp & Dohme, Rahway, 
24%;ti l t ,47%; andclay.29Z.. 


N. J. 
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Substituted Tetralins IV: Synthesis and Stereochemistry of 
4,4-Disubstituted 1,2,3,4-Tetrahydro-2-naphthoic Acids 


EZZAT M. KANDEEL, LERAY J. ANDERSON, JOHN H. BLOCK*, 
ALLEN I. WHITE, and ARNOLD R. MARTIN' 


~ ~~ ~ ~~ ~~ 


Abstract 0 The syntheses of four 4-methyl-4-phenyl-l,2,3,4-tetra- 
hydro-Znaphthoic acids are described. The stereospecific cyclization 
of the cis-isomers and proton NMR studies establishing c is t rans  
product ratios are also reported. 


Keyphrases 0 Tetralins, substituted-synthesis, stereochemistry of 
4,4-disubstituted 1,2,3,4-tetrahydro-Z-naphthoic acids 0 1,2,3,4- 
Tetrahydro-2-naphthoic acids, 4,4-disubstituted-synthesis, stereo- 
chemistry NMR spectroscopy-determination, stereochemistry 
of 4.4-disubstituted 1,2,3,4-tetrahydro-Z-naphthoic acids IJ Stereo- 
chemistry of 4,4-disubstituted 1,2,3,4-tetrahydro-Z-naphthoic 
acids-determination, NMR spectroscopy 


Because of continuing interest in the analgesic (1, 2) 
and cardiac antiarrhythmic (3, 4) properties of various 
substituted 2-aminotetralin derivatives, the synthesis 
and pharmacological evaluation of the isomers of N,N- 
dimethyl-4-methyl-4-phenyl- 1,2,3 ,Ctetrahydro- 2 - naph- 
thylamine (I) and its 6-methoxy analog (11), which 
were to be prepared sequentially from I11 and IV, re- 
spectively, were performed. Although a number of 
1,2,3,4-tetrahydr0-2-naphthoic acids have been reported 
in the literature (1,2,  5,6),  to our knowledge no system- 
atic studies assigning stereochemistry in such com- 
pounds have been reported. We report here an im- 
proved synthesis for 4,4-disubstituted 1,2,3,4-tetra- 
hydro-2-naphthoic acids including I11 and IV, the stereo- 
specific cyclization of the cis-isomers' IIIa and IVa, 
and proton NMR studies establishing cis-trans product 
ratios. 


DISCUSSION 


cis-trans Mixtures of 111 and IV were obtained uia anhydrous 
hydrogen fluoride-catalyzed cyclization of the olefins V and VI 
followed by hydrolysis and decarboxylation of the resulting di- 
esters VII and VIII (Scheme I). The olefins were prepared by alkyla- 
tion of diethyl 2-benzylmalonate or diethyl 2-p-methoxybenzyl- 
malonate with 3-bromo-2-phenyl-1-propene (IX). Compound IX 
was prepared by slight modifications of the method of Hatch and 
Patton (7), which gave a mixture of IX and l-bromo-2-phenyl-l- 


I: R N(CH& X H 
II: R =N(CHJ,, X OCH3 


111: R = COOH, X = H 
W. R = COOH, X = OCH3 


For the purpose of this discussion, the cis-isomer is arbitrarily 
chosen to be the one wherein the 2-carboxyl and 4-phenyl groups bear 
a cis-relationship to each other. 


propene (X). The separation of these isomers, as reported by Pines 
et al. (8), was not found to be practical. Therefore, the mixture was 
used without separation. 


To effect olefin cyclizations, anhydrous hydrogen fluoride 
was chosen instead of other acid catalysts as a result of the work 
of Darzens and Hienz (9), who obtained lactone XI using sulfuric 
acid as a catalyst for the cyclization of diethyl 2-allyl-2-(p-methyl- 
benzy1)malonate. Similarly, lactone XI1 was obtained from the 
attempted cyclization of diethyl 2-(p-methoxybenzyl)-2-(2-methyl- 
ally1)malonate (XIV) with polyphosphoric acid (Scheme 11). 
Treatment of the diethyl 2-benzyl-2-(2-methylallyl)malonates 
(XI11 and XIV) with anhydrous hydrogen fluoride (Scheme 
11) gave the 2,2-dicarbethoxytetralins (XV and XVI, respectively), 
which were converted to the known acids XVII and XVIII by con- 
ventional procedures (1). Furthermore, hydrolysis and decarboxyl- 
ation of XII, followed by treatment of the resulting lactone (XIX) 
with anhydrous hydrogen fluoride gave XVIII. That six-mem- 
bered ring derivatives were obtained from these cyclizations was 
confirmed by methyl absorption in the NMR spectra. 


The NMR spectra of the mixtures of acids I1Ia-lllh (1Va- 
IVb) exhibited sharp singlets at 1.71 and 1.78 (1.71 and 1.76) 6. 
The acids were separated by fractional recrystallization (acetic 
acid and water), using the NMR methyl signals as a monitor; 
each was then treated with anhydrous hydrogen fluoride for 24 hr. 
at about 25". A nearly quantitative yield of the bridged ketones 
XX and XXI was obtained from IIIa and IVa, whereas IIIb and 
IVb were recovered unchanged under the same conditions. It may 
be concluded that IIIb and IVb do not epimerize to IIIa and IVa, 
respectively, under the conditions employed. Julia et at. (10) ob- 
tained the similar ketone XXII from polyphosphoric acid-catalyzed 
cyclization of 4-phenyl-1,2,3,4-tetrahydro-2-naphthoic acid. Cy- 
clization data thus established cis-stereochemistry for llla and IVa 
and trans-stereochemistry for IIIb and IVb. 


Because the half-chair conformation is considered the most 
energetically favored for the tetralin system (1 l), it is fair to assume 
that cyclization of IIIa and IVa proceeds through the half-chair 
conformation XXIII wherein the Zcarboxyl group is axial and the 
4-phenyl group is quasiaxial. 


EXPERIMENTAL2 


3-Bromo-2-phenyl-1-propene ( I X t T h e  procedure used was 
adapted from the one used by Hatch and Patton (7), A solution of 
178 g. (1.0 mole) of N-bromosuccinimide, 118 g. (1.0 mole) of 
a-methylstyrene, and 300 ml. of dry carbon tetrachloride was 
heated at reflux for 48 hr. in an oven-dried, 1-l., three-necked, 
round-bottom flask equipped with a ground-glass stirrer and an 
efficient reflux condenser. The solid succinimide and unreacted 
N-bromosuccinimide were removed by filtration, and the flask was 
rinsed with carbon tetrachloride; the washing then was run through 
the filter cake. Excess a-methylstyrene and carbon tetrachloride 
were removed by distillation (water aspirator). Then 50 ml. of low 
boiling petroleum ether (3&60") was added, causing the separa- 
tion of a viscous oily liquid which was thick enough to be filtered 
off. The filtrate, on distillation, gave 148 g. of product, b.p. 90- 


* Melting points were determined on a calibrated Fisher-Johns melt- 
ing-point block. Microanalyses were performed by the Galbraith 
Laboratories, Knoxville, Tenn. IR spectra were obtained with Beckman 
IR-5 and IR-8 spectrophotometers. NMR spectra were obtained with a 
Varian A-60 spectrometer, using approximately 15 % concentrations 
of compound in carbon tetrachloride or deuterochloroform, with tetra- 
methylsilane as an internal standard. 
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lOO0/5 mm. The NMR spectrum of the mixture exhibited a sharp 
singlet due to the allylic CHz of IX at 4.026 and a doublet due to 
the vinyl CH of X at 6.216. The ratio of these two peaks was taken 
as a measure of the percent of IX in the mixture (70%). 


Diethyl 2-Benzyl-2-(2-phenylallyl)mlonate ( V t I n  a dry 1-I., 
three-necked, round-bottom flask equipped with a stirrer, an addi- 
tion funnel, and a Friedricks condenser with a drying tube was 
placed 350 ml. of dry absolute ethanol. With stirring and slight 
warming, 20.7 g. (0.9 g.-atom) of clean sodium was dissolved in 
alcohol. The flask was then cooled to room temperature, and 225 


X - @ H z E Y f i ,  


0 CH3 
XII: X = OCH, 


XIII: X - H  
XIV: X = OCH, 


XIX: X == OCH, 


1 hydrogen fluoride hydrogen fluoride I 
X x mCO" CH3 CH3 


XV:X=H 
XVI: X = OCH, 


X W : X - H  
XVm: X-OCH3 


XI 
Scheme I1 


g. (0.9 mole) of diethyl 2-benzylmalonate was added from the addi- 
tion funnel, with stirring, over a 5-min. period. With continuous 
stirring of the yellow solution, a 254.2-g. mixture of IX and X, cal- 
culated to contain 177.3 g. (0.9 mole) of IX, was added during 
I hr. at a rate to cause gentle refluxing. Stirring while heating at 
reflux was continued for 24 hr. Most of the alcohol was then re- 
moved (water aspirator), and 175 ml. of distilled water was added to 
dissolve the inorganic salt formed. The mixture was then trans- 
ferred to a separator and extracted with benzene (4 x 100 ml.), 
after which the benzene fractions were combined and dried over 
anhydrous sodium sulfate. After the benzene had been removed 
(water aspirator), distillation gave 77 g. of the unreacted X, b.p. 
90'15 mm., and 275 g. (80.2%) of V as a viscous oil, b.p. 190"/0.2 
mm. The NMR spectrum showed adoublet due to the CH2= group 
at 5.406. 


Anal.-Calc. for G3HZ6O4: C, 75.39; H, 7.12. Found: C, 75.35; 
H, 7.22. 


Diethyl 2-(p-Methoxybenzyl)-2-(2-phenylallyl)malonate ( V I b  
Diethyl 2-(p-methoxybenzyl)malonate (XII, 252 g., 0.9 mole) was 
treated with the mixture of IX and X under conditions described for 
V. The desired product (VI) distilled at 200"/0.25 mm., yielding 
300 g. (84%). The NMR spectrum showed a doublet for the CHz= 
group at 5.256. 


Anal.-Calc. for C21H280:,: C, 72.71; H, 7.11. Found: C, 72.60; 
H, 7.14. 


Diethyl 2-Benzyl-2-(2-methylaIlyl)malonate (XII1)-Diethyl (2- 
methylallyl)malonate, 192 g. (0.9 mole), was reacted with 113.4 g. 
(0.9 mole) of benzyl chloride under the same conditions used for V. 
The product (XIII) distilled at 125"/0.15 mm., yielding 175 g. 
(65x).  The NMR spectrum showed a broad singlet for a CHF 
group at 4.606. 


Anal.-Calc. for C18H2101: C, 71.02; H, 7.97. Found: C, 70.95; 
H, 7.88. 


Diethyl 2-(p-Methoxybenzyl)-2-(2-methylallyl)malonate ( X I V F  
Diethyl2-(p-methoxybenzyl)malonate, 252 g. (0.9 mole), was treated 
with 72 g. (0.9 mole) of 3-chloro-2-methylpropene under the same 
conditions described for V. The product XIV distilled at 170"/1.3 
mm., yielding 258 g. (8673. 


Anal.-Calc. for Cl9HI6O5: C, 68.24; H, 7.84. Found: C, 68.58; 
H, 8.02. 


Diethyl 1,2,3,4-Tetrahydro-4-methyI-4-phenylnaphthalene-2,2-di- 
carboxylate (VI1)-Compound V, 109.8 g. (0.3 mole), and 400 g. of 
anhydrous hydrogen fluoride in a 1-1. polyethylene bottle were kept 
in an ice bath for 12 hr. The hydrogen fluoride was then allowed to 
evaporate spontaneously during 24 hr. of stirring at room tempera- 
ture. Water was then added, and the organic material was extracted 
several times with ether. The ether extracts were combined and 
washed with a 10% sodium bicarbonate solution until the solution 
remained slightly basic; then they were washed with a saturated 
solution of sodium chloride and dried over anhydrous sodium sul- 
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fate. The ether was then evaporated, and vacuum distillation gave 
98.8 g. (90%) of a very viscous white oil at 200"/0.3 mm. The di- 
carboxylate crystallized out on standing. Crystallization from alco- 
hol gave white crystals (100%), m.p. 52", of VII. The NMR spec- 
trum showed a sharp methyl singlet at 1.616. 


Am/.-Calc. for C2,HZ6O4: C, 75.39; H,  7.12. Found: C, 75.28; 
H, 7.26. 


Diethyl 1,2,3,4-Tetrahydro~-methoxy-4-methyl-4-phenylnaphtha- 
lene-2,2-dicarboxylate (VII1)-Using the same cyclization pro- 
cedure as was employed for VIJ, 118.8 g. (0.3 mole) of VI was treated 
with hydrogen fluoride. The desired product distilled at 195"/0.05 
mm., yielding 100 g. (89%) of VIII. The NMR spectrum exhibited 
a singlet for the methyl group at 1.646. 


And.-Calc. for C24H2805: C, 72.70; H, 7.12. Found: C, 73.00; 
H, 6.95. 


Diethyl 1,2,3,4-Tetrahydro-4,4-dimethylnaphthalene-2,2-dicarbox- 
ylate (XV)-Cyclization of 75 g. of XI11 with hydrogen fluoride, 
using the same procedure as for VII, gave 68 g. (90%) of viscous 
oil, b.p. 150"/0.1 mm. The NMR spectrum exhibited a sharp 
singlet, corresponding to two CH3 groups at 1.226, and no olefinic 
CH?= group at 4.606. 


Aira/.-Calc. for ClsH2404: C, 71.02; H, 7.97. Found: C, 70.97; 
H, 7.84. 


Diethyl 1,2,3,4-Tetrahydro-6-methoxy-4,4-dimethylnaphthalene- 
2,2-dicarboxylate (XV1)-By employing hydrogen fluoride as a 
cyclizing agent, 60 g. of XIV gave 51 g. (85%) of a very viscous 
clear liquid. b.p. 167-168"/0.9 mm. Crystallizations from benzene- 
petroleum ether (30-60") yielded a crystalline waxy solid, m.p. 
58 '. 


Amd-Calc. for C1'1H2605: C, 68.23; H, 7.84. Found: C, 68.34; 
H, 7.68. 
1.2,3,4-Tetrahydro-4-methyl-4- phenylnaphthalene-2,2 - dicarbox- 


ylic Acid-An alcoholic solution of 51 g. (0.28 mole) of VII and 32 
g. (0.56 mole) of potassium hydroxide was heated at reflux for 12 
hr. The alcohol was allowed to evaporate, and the resulting solid 
was redissolved in water. The aqueous solution was extracted with 
ether and then acidified with 6 N hydrochloric acid. The resulting 
oil and/or solid were extracted with several portions of ether. The 
ether extracts were washed with water until neutral and then with 
a saturated solution of sodium chloride; they then were dried over 
anhydrous sodium sulfate. Reagent grade benzene was added to 
the dry ether, and the mixture was distilled (water aspirator) until 
it became turbid. Upon refrigeration, white crystals formed and 
were collected by filtration. The mother liquor was evaporated and 
the additional solid material collected was combined with the first 
batch. Recrystallization from methanol-benzene produced 43 g. 
(100%) of white crystals, m.p. 180" with effervescence. The partially 
purified diacid was subjected directly to  decarboxylation without 
further purification. 
1,2,3,4-Tetrahydro-6-methoxy-4-methyl-4- phenylnaphthalene 4 2 -  


dicarboxylic Acid-Hydrolysis of 56 g. of VIII was carried out 
using the same procedure as for VII. The dicarboxylic acid was ob- 
tained as white crystals which, on recrystallization from methanol- 
benzene, gave 45 g. (10Oz) of white crystals, m.p. 172" with ef- 
fervesence. The partially purified diacid was subjected directly to 
decarboxylation without further purification. 


1,2,3,4-Tetrahydro-4,4-dimethylnaphthalene-2,2-dicarboxylic Acid 
-The alkaline hydrolysis of 55 g. of XV gave 25 g. (54%) of 


1,2,3,4-tetrahydro-4,4-dimethylnaphthalene-2,2-dicarboxylic acid as 
white crystals from benzene-arbon tetrachloride, m.p. 175" with 
effervescence. The partially purified diacid was subjected directly 
to decarboxylation without further purification. 
1,2,3,~Tetrahydro-6-methoxy-4,4-dimethylnaphthalene-2,2 - dicar- 


boxylic Acid-Alkaline hydrolysis of 55 g. (0.165 mole) of XVI 
gave 45 g. (100 %) of 1,2,3,4-tetrahydro-6methoxy-4,4-dimethyl- 
naphthalene-2,2-dicarboxylic acid as a white crystalline solid, m.p. 
171' with effervescence. The partially purified diacid was subjected 
directly to decarboxylation without further purification. 
1,2,3,4-Tetrahydro-4-methyl-4-phenyI-2-naphthoic Acid (III+ 


Decarboxylation of 37.6 g. (0.12 mole) of 1,2,3,4-tetrahydro-4- 
methyl-4-phenylnaphthalene-2,2-dicarboxylic acid was accom- 
plished by heating in a flask in an oil bath at 180" until the evolution 
of carbon dioxide ceased. It was noted that the weight had de- 
creased by 12 g. more than the theoretical loss. One crystallization 
from glacial acetic acid resulted in 25 g. (78%) of a mixture of IIIa 
and IUb, m.p. 120-145". The NMR spectrum showed a doublet 
of equal intensity at 1.746 for a methyl group. 


A careful fractional recrystallization in glacial acetic acid re- 
sulted in 10 g. of IIIb, m.p. 187". The NMR spectrum showed a 
methyl absorption at 1.786. 


And-Calc. for ClsH1802: C, 81.20; H, 6.77. Found: C, 81.49; 
H, 6.94. 


A second fraction of 10 g. of IIIn, m.p. 162". was obtained from 
the mother liquors. The NMR spectrum showed a sharp singlet for 
themethyl group at 1.716. 


Ana[.--Calc. for CisHis02: C, 81.20; H, 6.77. Found: C, 81.11; 
H, 6.84. 


1,2,3,4-Tetrahydro-6-methoxy-4-methyl-4-phenyl-2-naphthoic Acid 
(1V)-Decarboxylation of 40 g. (0.13 mole) of 1,2,3,4-tetra- 
hydro-&methoxy-4-methyl- 4- phenylnaphthalene - 2,2- dicarboxylic 
acid was accomplished at 175" (see IIIa and IIIb) to give 25.8 g. 
(72%) of a mixture of IVa and IVb, m.p. 125-142". The NMR 
spectrum showed a methyl doublet at 1.746. A careful fractional 
recrystallization in acetic acid-water gave 11 g. of IVa, m.p. 156". 
The NMR spectrum showed a sharp singlet for the methyl group 
at 1.716. 


Aid.-Calc. for C19H2003: C, 77.00; H, 6.80. Found: C, 76.84; 
H, 7.00. 


A second fraction of 9 g. of IVb, m.p. 147", was obtained from 
the mother liquors. The NMR spectrum showed a sharp singlet 
for the methyl group at 1.766. 


Anal.-Calc. for Cl9HZaOa: C, 77.00; H, 6.80. Found: C, 77.05; 
H, 6.76. 
1,2,3,4-Tetrahydro-4,4-dimethylnaphthoic Acid (XVI1)-Decar- 


boxylation of 34 g. (0.14 mole) of 1,2,3,4-tetrahydr0-4,4-dimethyl- 
naphthalene-2,2-dicarboxylic acid gave 28 g. (93 %) of XVII, m.p. 
106" [lit. (1) m.p. 106'1. The NMR spectrum showed two singlets 
of equal intensity at 1.26 and 1.326 corresponding to two methyl 
groups. 


1,2,3,4-Tetrahydro-6-methoxy -4,4- dimethyl -2-naphthoic Acid 
(XVII1)-Decarboxylation of 45 g. (0.16 mole) of 1,2,3,4-tetrahy- 
dro-6- methoxy-4,4-dimethylnaphthalene-2,2-dicarboxylic acid 
yielded 30 g. (70%) of XVIII as white crystals. Recrystallization 
from benzene-petroleum ether (65-1 10") gave a white crystalline 
solid, m.p. 154" [lit. (1) m.p. 154"]. 


7,12- Dihydro - 12 -methyl - 6,12 - methanodibenzo[a,d]cycloocten- 
5(6H)-one (XX)-Cyclization of 2.66 g. (0.01 mole) of IIIa with 40 
g. of hydrogen fluoride was effected in a 250-ml. polyethylene bottle 
with stirring for 24 hr. at room temperature while allowing a spon- 
taneous evaporation of the hydrogen fluoride. Water was then 
added, and the organic material was extracted several times with 
ether. The ether extracts were combined, washed with 10% sodium 
bicarbonate solution, washed with a saturated solution of sodium 
chloride, and dried over anhydrous sodium sulfate. The ether was 
then evaporated (water aspirator), leaving a white solid which, on 
recrystallization from ethanol, gave 2.6 g. (98z) ,  m.p. 150", of 
the cyclic ketone XX. The IR spectrum (KBr) exhibited a maxi- 
mum of p 5.97, cyclic G O .  


Am/.-Calc. for C18H&: C, 87.09; H, 6.45. Found: C, 86.92; 
H, 6.52. 


An attempt to cyclize IIIb under the same conditions resulted in 
100% recovery of the starting material. 
7,12-Dihydro-lO-methoxy-12- methyl - 6,12 - methanodibenzo[a,d]- 


cycloocten-5-one (XX1)-Cyclization of 2.96 g. (0.01 mole) of IVa 
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was achieved using the same procedure employed for the cyclization 
of IIIa. yielding 2.86 g. (97'73 of the cyclic ketone XXI, m.p. 120". 
The IR spectrum (KBr) exhibited a maximum of p 5.91, cyclic 
c=o. 


And-Calc. for CleHlsOz: C, 82.01; H, 6.47. Found: C, 82.10; 
H, 6.56. 


An attempt to cyclize IVb under the same conditions resulted in 
100% recovery of the starting material. 


2-Carbethoxy-2-(p-methoxybenzyl)-4,4-dimethy~-~-butyrolactone 
(XI1)-To 155 g. (0.46 mole) of XIV in a 2-1. resin reaction flask, 
equipped with an efficient mechanical stirrer, an addition funnel, 
and a thermometer and cooled in an ice bath, was added 500 g. of 
polyphosphoric acid in a steady stream. Stirring, which was difficult 
due to the viscosity of the mixture, was carried on during the addi- 
tion and then at the ice bath temperature for 30 min. thereafter. 
About 400 ml. of ice and water was added, and the reaction mix- 
ture was allowed to stand overnight to decompose the complex. 
When all of the mixture had been decomposed as evidenced by a 
change in color of the mixture from red to white, it was transferred 
to a separator and extracted with ether (4 X 100 rnl.). The ether 
solutions were combined and dried over anhydrous sodium sulfate. 
The ether was removed by distillation and the residue was distilled, 
b.p. 168-171 "l0.5 mm., yielding 103 g. (73 %) of XI1 as a viscous 
colorless liquid. The IR spectrum showed a maximum of p 5.64, 
which is consistent with a y-lactone C=O. 


Atra1.-Calc. for CnH2206: C, 66.64; H, 7.24. Found: C, 67.22; 
H, 7.45. 
2-(p-Methoxybenzyl)-4,4-dimethyl-Y-butyrolactone (XIX)-The 


lactone XI1 dissolved in 40 ml. of ether was placed in a 250-ml. 
round-bottom flask equipped with a reflux condenser. To this was 
added 15 g. of potassium hydroxide in 50 ml. of water, and the 
mixture was heated under reflux for 2 hr. The ether was removed 
(aspirator), and the aqueous solution was transferred to a separator 
and extracted with ether (2 X 50 ml.). Only a slight amount of 
residue remained upon evaporation of the ether solution. The 
aqueous solution was acidified with concentrated hydrochloric 
acid, causing the separation of a white solid which was removed by 
filtration and dried. The dry solid was transferred to a 100-ml. 
round-bottom flask and heated to 175-180" for 2 hr. until no further 
evolution of gas was seen. The material in the flask was cooled and 
dissolved in 200 ml. of ether, and the ether solution was extracted 
with 10% sodium bicarbonate solution (2 X 75 ml.). Acidification 
of the combined aqueous bicarbonate solutions produced only a 
slight turbidity. The ether solution was evaporated to dryness, 
leaving an oily semisolid which solidified when left in the refrigera- 
tor overnight. The solid was dissolved in hot 5 % sodium hydroxide 
solution. The resulting solution was cooled to room temperature 
and washed with 50 ml. of ether. The alkaline solution was acidified 
with concentrated hydrochloric acid, causing a white precipitate. 
The solid was recrystallized three times from petroleum ether (65- 
110") to which had been added a small amount of benzene to yield 
shiny white crystals of the lactone (XIX), m.p. 45". The IR spec- 
trum showed a maximum of p 5.67, which is consistent with a 
y-lactone C=O. 


And-Calc. for CI4Hl8O3: C, 71.77; H, 7.74. Found: C, 71.64; 
H, 7.73. 


Formation of 1,2,3,4-Tetrahydro-7-methoxy-4,4-dirnethyl-2- 
naphthoic Acid (XVIII) from XIX-To 10.5 g. (0.045 mole) of the 


decarbethoxylated lactone contained in a dry 250-ml. polyethylene 
bottle was added, with occasional mixing, about 100 ml. of liquid 
anhydrous hydrogen fluoride. The bottle was allowed to stand in 
the hood at room temperature for several days until all of the hy- 
drogen fluoride had evaporated. There resulted a solid residue 
which was dissolved in ether. The ether solution was transferred 
to a separator, washed with 50 ml. of a saturated sodium chloride 
solution, and then extracted with a 10% sodium bicarbonate solu- 
tion (4 X 75 ml.). Insoluble material that separated in the funnel 
was removed by filtration. The aqueous bicarbonate extracts were 
combined and acidified with Concentrated hydrochloric acid. The 
solid material which separated was removed by filtration and dried 
to yield 4.7 g. (45%) of a white solid. The solid was dissolved in 
hot benzene, and petroleum ether (65-1 10') was added to the point 
of incipient cloudiness. Upon cooling, a white crystalline com- 
pound formed. A second recrystallization produced crystals, m.p. 
153.6-154.2". There was no depression in melting point when 
mixed with a sample of the acid XVIII prepared by decarboxylation 
of 1,2,3,4-tetrahydro-6-methoxy-4,4-dimethylnaphtha~ene - 2,2 - di- 
carboxylate. 
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TECHNICAL A R T I C L E S  


Tablet Granulations Composed of Spherical-Shaped Particles 


IBRAHIM M. JALAL, HENRY J. MALINOWSKI, and WILLIAM E. SMITH. 


Abstract 0 A novel pelletizing process, spheronization, was used 
to prepare spherical particles for use in tablet compression. Di- 
basic calcium phosphate, acetaminophen, magnesium hydroxide, 
and sulfadiazine granulations were prepared and compressed into 
acceptable tablets. Tests showed that the spheronizing process 
resulted in an improved granulation flow rate and narrow particle- 
size distribution as compared lo a conventionally processed wet 
granulation. Granulation reproducibility and change of size dis- 
tribution with processing time were also studied. Tablets were com- 
pressed from all granulations, and hardness and disintegration 
times were determined. 


Keyphrases 0 Spheronization---preparation of spherical particles 
for tablet compression, compared to conventional wet granulation 
method 0 Granulation-effect of  spheronization on flow rate and 
particle-size distribution, compared to conventional wet method 0 
Tablet granulations-spheronization method compared to con- 
ventional wet granulation, hardness, disintegration times 


Spherical particles formed using pelletizing equip- 
ment', described by Conine and Hadley (1) and Reyn- 
olds (2), afford several possible advantages over con- 
ventional wet granulations. This process of spheroniz- 
ing, they reported, should result in faster drying times, 
shorter and less complex processing, minimal dust and 
cross-contamination, and optimal flow rate. 


I n  the early stages of investigating the properties of 
these spherical particles, it was observed that spheres 
could be prepared using only 10-20z inactive 
ingredients. Obviously, this process might present ad- 
vantages in preparing granulations for large dose medi- 
cations. 


This report compares data obtained from a wet granu- 
lation of a common tablet diluent, dibasic calcium phos- 
phate, by conventional and pelletizing techniques. In 
addition, three different granulations consisting of 80 % 
active ingredient and 20% binder were prepared and 
evaluated. Tablets were compressed from both con- 
ventional and pelletized granulations and compared 
with respect to hardness and disintegration properties. 


Previous work (3, 4) showed microcrystalline cellu- 
lose to be an acceptable binder for the wet granulation 
process. Tablets compressed from granules containing 
microcrystalline cellulose binder exhibit acceptable 
disintegration characteristics without addition of a dis- 
integrating agent. Microcrystalline cellulose as a dry 
binder for tablets was investigated in detail by Fox et al. 
(4) and Shangraw era]. ( 5 ) .  


' Extruder type EXDS-60 and Marumerizer type Q-230, available 
from Elanco Products Co., 'I division of Eli Lilly and Co., Indianapolis, 
Ind. 
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EXPERIMENTAL 


Materials-Microcrystalline cellulose2, dibasic calcium phos- 
phate3, magnesium hydroxide NF3, sulfadiazine USP4, acetamino- 
phen NF5, acetaminophen NF micropowdere, and magnesium 
stearate USP7 were used. 


Manufacturing and Testing Procedures-The binder (micro- 
crystalline cellulose) and active ingredient (or placebo diluent) were 
combined in a blender6. Purified water was added until the material 
was sufficiently wetted. The amount used was held constant for 
each particular formulation. 


For the conventionally processed wet granulations, the wet mass, 
500-600 ml. of water/kg. of dry granulation, was passed through an 
8-mesh screen, spread on trays, and dried overnight at 40". The 
dried granulations were forced through a 12-mesh screen and, in 
the case of sulfadiazine only, lubricated with 1% magnesium 
stearate. Approximately 500 tablets of each were compressed on 
the single-punch tablet pressg using 0.8-cm. (0.33-in.) standard 
concave punches. 


The granulations to be pelletized were blended, wetted with 
purified water (400-500 ml./kg. of dry ingredients), passed through 
the extruder equipped with either 0.5- or 1.0-mm. screens, and 
transferred to the Marumerizer for 60 sec. The resulting spheres 
were dried (lubricated in the case of sulfadiazine only) and com- 
pressed into tablets as already described. 


Tests performed on the dried, unlubricated granulations included 
the following: flow rate, using 500 g. of granulation allowed to 
pass through the standard funnel described in Table I ;  sieve analysis 
utilizing a sieve shakerlo, number six setting, for 5 min. with a 
200-g. sample size; and final moisture content, determined on a 
moisture determination balance11 (5.5-w. lamp setting for 15 min. 
with standard 10-g. sample). All tests were performed in triplicate 
and showed reasonable reproducibility. 


Hardness and disintegration time of the resulting tablets were 
determined; the reported values represent an average of tests on 
three and six tablets, respectively. 


R E S a T S  AND DISCUSSION 


Spherical particles and tablets from pelletized material were 
successfully prepared containing 80% dibasic calcium phosphate, 
magnesium hydroxide, sulfadiazine, or acetaminophen. All of the 
granulations were also prepared by the conventional wet granulation 
process, and a comparison of the results showed that pelletizing 
increased flow rate from 38 to  102z and provided a narrower 
particle-size distribution and much less fines. U p  to  80% of a 
pelletized granulation may be contained in one sieve fraction 
(Table I). 


Since 1.0-mm. screens were used in the extruder, it would be 
expected that, with the pelletized granulations, the 16-20-mesh 


Avicel RC-581, FMC Corp., Marcus Hook, Pa. 
3 Mallinckrodt Chemical Works, Jersey City, N. J. 
4 American Cyanamid Co., Pearl River, N. Y. 
Amend Drug and Chemical Co., New York, N. Y. 


6 S. B.  Penick and Co.. New York. N. Y. 
7 Ruger Chemical Co.,'Irvington, N. Y.- 
8 Erweka KUl ,  Chemical and Pharmaceutical Industry Co., Inc., 


9 Stokes model E. 
In Cenco-Meinzer, Central Scientific Co., Chicago, Ill. 
I 1  Model 6010, Ohaus Scale Corp., Union, N. J. 


New York, N. Y. 







Table I-Properties of Granulations and Tablets Prepared by Conventional (CWG) uersus Pelletizing (P) Wet Granulation Techniquesa 


Test 


Sieve analysis, 
7 3  W/W" 


8 mesh 
8-16 mesh 
16-20 mesh 
20-40 mesh 
40-80 mesh 
80-100 mesh 
>lo0 mesh 


Flow rated, g./sec. 
Tablet hardness, 


Dibasic 
-Calcium Phosphate-. -Magnesium Hydroxide- -Sulfadiazineb-- 


CWG P CWG P CWG P 


0.0 6 . 0  0.0 0.0 0.0 0 . 2  
37 5 15.1 30.8 0.1 21.6 2 .2  _ .  . _  
19.7 46.i 22.3 38.9 23.7 76.3 
19.0 12.0 30.3 60.4 24.6 21.1 
1 0 . 0  0 . 1  12.7 0 .5  14.8 0.3 


1 6  0.0 0 . 6  0.0 2.8 0.0 . .  


12.2 0.7 3 .3  0.0 12.6 0.0 
14.3 24.5 13.4 19.7 8 .2  16.6 
7.8 7 . 0  9.5 5.0 9 . 0  3 . 5  


-Acetaminophen-- 
CWG P 


0.0 0 .4  
23.7 0 . 5  
29.0 15.7 
23.9 81.6 
12.9 1 . 7  
1.6 0.0 
8.9 0.0 


13.1 18.1 
7 . O  5 . 5  


k g e  


time, min.' 
Disintegration 1 .o 1 .o 0.8 0 . 3  3.5 6.5 1 .3  12.5 


a Process conditions for all runs: extruder speed, SO r.p.m.; Marumerizer speed, 1000 r.p.m.; residence time of segments for spheronizing, 60 sec.; 
final watcr content, 1-1.5 z: binder, 20% Avicel RC 581 ; and extruder screen. 1 .O mm. b 1% magnesium stearate USP. c U. S .  Standard sieves, rated 2.38 
mm. (8). 1.19 mm. (16). 0.84 mm. (20). 0.42 mm. (40), 0.177 mm. (80). and 0.149 mm. (100). respectively. d Grams of granulation per second flowing 
through 1.27-cm. (0.5-in.) diameter orifice of a conical funnel. (A flow rate of 10.0 g./sec. was considered the minimum acceptable rate.) e Stokes 
hardness tester. f USP Vanderkamp apparatus. 


Table 11-Reproducibility of Granulations and Tablets Prepared by Conventional (CWG) 
versus Pelletizing (P) Wet Granulation Techniquesa 


Test 
----Dibasic Calcium Phosphate-- 
CWG CWG P P 


Magnesium Hydroxide---. 
CWG CWG P P 


Sieve analysis, 


8 mesh 
8-16 mesh 
16-20 mesh 
20-40 mesh 
40-80 mesh 
80-100 mesh 
>lo0 mesh 


Flow rate", g./sec. 
Tablet hardness, k g d  
Disintegration 


time, mime 


73 WIWb 
0.0 0.0 0.0 0.0 


41.5 37.5 3.0 3.8 
18.4 19.7 79.6 77.0 
19.7 19.0 17.3 19.2 
10.7 10.0 0.0 0 .1  
1 .4  1.6 0.0 0.0 
8 . 3  12.2 0.0 0.0 


16.1 1 4 . 3  22.1 25.5 
7.8 7 . 8  7 . 8  7.0 
1 .o 1 . o  0 . 5  1 . o  


0.0 0 .0  0.0 0.0 
26.5 30.8 0.3 0 . 1  
22.9 22.3 24.7 38.9 
31.6 30.3 72.8 60.4 
12.7 12.7 2.1 0 . 5  
1 .o 0 .6  0.1 0.0 
5.3 3 . 3  0.0 0.0 


12.5 13.4 20.8 19.7 
10.5 9 .5  5 .0  5 .0  
0 . 5  0 . 8  0 .3  0 .3  


.Process conditions for all runs: binder, 20% Avicel RC 581; extruder speed, 50r.p.m.; Marumerizer speed, 1000 r.p.m.; residence time of 
segmentsforspheronizing, 60sec.: finalwater content, l-l.S%; andextruder screen, 1.0 mm. b U. S .  Standard sieves, rated 2.38 mm. (8). 1.19 mm. (16). 
0.84 mm. (20), 0.42 mm. (40). 0.177 mm. (80), and 0.149 mm. (100). respectively. c Grams of granulation per second flowing through a 1.27-cm. 
(0.5-in.) diameter orifice of a conical stainless steel funnel. (A rate of 10.0 g./sec. was considered the minimum acceptable value.) d Stokes hardness 
tester. e USP Vanderkamp apparatus. 


fraction would contain the largest percentage of particles. This 
was true for the dibasic calcium phosphate and sulfadiazine pel- 
letized granulations, whereas the magnesium hydroxide and 
acetaminophen pelletized granulations had the largest percentage of 
particles on the next smaller size sieve fraction, which is somewhat 
smaller than the screen size used in the extruder. 


Table I1 shows the reproducible size distribution and minimal 
amount of fines that may be expected from replicate pelletizing 
experiments. These preliminary trials indicate that this technique 
may provide an efficient, rapid process for preparing tablet granu- 


Table 111-Change of Size Distribution with Residence Time in 
the Marumerizer, Percent by Weighta 


Sieve Fractionb 1 Minute 2 Minutes 5 Minutes 


12-16 
16-20 
20-30 
30-40 
40-60 
60-80 


0.08 0.09 0.17 
0.08 0.18 0.42 
1.43 1.40 1.60 


27.37 26.39 50.97 
67.58 59.02 43.79 
2.84 2.26 2.00 


80-1 00 0.30 0.40 0.70 
>I00 0.30 0.26 0.25 
Flow rate, g./sec. 23.3 23.3 23.3 


a Process conditions: acetaminophen micropowder, 80%; Avicel 
RC-581, 20%; final moisture content, 1.5%; extruder screen, 0.5 mm.; 
extruder speed, 50 r.p.m.; and Marumerizer speed, 1200 r.p.m. b U. S .  
Standard sievcs. 


lations of large dose medicinals, which frequently require special 
processing and compacting equipment to provide acceptable tablets. 
The spheronizing step also gives evidence of affording a more con- 
venient way of lubricating the granulation because lubricant may 
be added into the Marumerizer immediately after formation of the 
spheres. Pelletizing of materials may also provide an advantage in 
reduced drying time requirements. The materials used in this 
study were dried to a water content of 1.0-1.5% in 6-7 hr. of 
heating at  an oven temperature of 40", compared to 18 hr. for 
conventional wet granulation. In addition, the cake formed is 
easily broken without use of granulating equipment. 


The Marumerizer utilizes screens with openings varying from 0.5 
to 3.0 mm. While little data have been accumulated using the 
largest size, all results seem to  indicate that pelletized granulations 
can be prepared in which 95 or more of the particles, by weight, 
occur in two consecutive sieve fractions. Table 111 shows the effect 
of residence time in the Marumerizer on size distribution. These 
sizes appear to be characteristic for a particular screen size over a 
wide variety of conditions and for a variety of active ingredients. 


These preliminary studies will be expanded to determine the 
process variables that are significant in forming pelletized spheres 
suitable for tableting, capsule filling, or coating and to propose 
control tests that are meaningful in relation to providing products 
with desirable drug availability. 
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Circuit for Simulation of Multiple-Dosing Kinetics 


EDWARD B. KIRSTEN*A and SAMUEL M. ROSS 


Abstract 0 An electronic circuit is described which simulates the 
theoretical curves associated with multiple-dosing kinetics. The 
output is an analog voltage which generates plasma concentration 
oersrts time curves consistent with the assumptions in a one-com- 
partment open model with rapid intravenous injection. Potenti- 
ometer settings offer wide variations in dosing schedules, distribu- 
tion volumes, and elimination rate constants. Also, once steady- 
state levels are achieved, a second circuit can be used to  produce 
sudden changes in the elimination rate constant. Both circuits use 
commercially available electronic components and have been used 
in student lecture/demonstrations to display multiple-dosing ki- 
netics graphically. 


Keyphrases 0 Multiple-dosing kinetics-simulation, electrical 
circuits 0 Electrical circuits--simulation of multiple-dosing 
kinetics 0 Simulation of multiple-dosing kinetics-electrical cir- 
cuits 


An understanding of drug accumulation through 
repeated administration is an important aspect in the 
teaching of pharmacology. Concepts such as dosing 
interval, volume of distribution, and half-life can be 
made more meaningful if time-concentration curves 
are generated to illustrate significant points. Both analog 
and digital computers can simulate models of multiple- 
dosing kinetics (1-3). Likewise, hydrolic analogies have 
been employed in discussions of one- and two-compart- 
ment systems (4, 5) .  These models, however, are often 
expensive or inconvenient to  use during a lecture/dem- 
onstration. The purpose of this report is to present a 
simple and inexpensive electrical circuit which can be 
used to simulate the theoretical curves associated with 
multiple-dosing kinetics. The device can be used in both 
the training of research scientists and the teaching of 
medical students. 


DISCUSSION 


The model discussed in this paper is an analog device which was 
constructed from standard electronic components to simulate the 
theoretical plasma concentration cersus time curves associated 
with repetitive dosing. This simple analog consists of two indepen- 
dent circuits. The first, or multiple-dosing circuit, generates an out- 
put voltage proportional to the time-varying drug concentration. 
The time-concentration curves are consistent with the multiple- 


dosing conditions set on four potentiometers representing dosing 
interval, volume of distribution, dose magnitude, and elimination 
half-life. Plasma concentration falls exponentially between individ- 
ual administrations, with drug accumulation from sequential ad- 
ministrations following equations given by Goldstein e t  ul. (6 )  
and Wagner (7). 


A second. or level-change circuit, employs a level controller to 
alter automatically the elimination half-life when a certain preset 
voltage, i .e.,  drug concentration, is reached. The multiple-dosing 
circuit functions independently of the level-change circuit. 


The multiple-dosing circuit is shown in Fig. 1. The circuitry 
consists of an oscillator to control pulse rate, a monostable multi- 
vibrator to regulate pulse duration, and a constant-current source 
to charge rapidly capacitor C of the RC network. These active 
components control drug injection parameters, while the R C  net- 
work is analogous to the “patient.” A +5-v. power supply1 drives 
all of the circuitry with the exception of the battery supply? to  the 
operational amplifier in the constant-current circuit. 


The first component, a unijunction oscillator, produces a pulse 
train output. Each pulse is analogous to  a single dose. The pulse 
frequency is variable, with a rate determined by potentiometer 
R, in the oscillator circuit. In the parameters of pharmacokinetics, 
altering R1 would be analogous to varying the dosing interval. 
The output pulse rate can be accurately monitored by an oscillo- 
scope as indicated in Fig. 1 and is variable from 3 t o  60 pulses/sec. 


The oscillator output drives a monostable multivibrator3. The 
multivibrator provides a pulse at  the oscillator rate but with a dura- 
tion that is a function of potentiometer RP. Altering RP is equivalent 
to changing the volume of distribution on a multiple-dosing time- 
concentration curve. The exact electrical analogy of varying the 
volume of distribution consists of a change in capacitor C, i.e., a 
change in the distribution volume of the patient. This, however, is 
technically difficult to accomplish without also changing the time 
constant of the R C  network and, consequently, the drug half-life. 
To simplify the circuitry in this particular model, pulse duration is 
used as the electrical parameter corresponding to  distribution vol- 
ume. For pragmatic reasons the volume of drug distribution is 
controlled by the electronic circuit involved with drug injection 
rather than the circuit components of the patient. 


The multivibrator is coupled to a constant-current source by a 
photoi~olator~. A constant-current circuit is employed to accomplish 
rapid buildup of charge across the passive RC network. thereby 
adequately describing instantaneous drug absorption. Constant 
current is achieved by using an operational amplifier5. The output 


12.6.100, Semiconductor Circuits, Inc. 


3 9601, Fairchild, Inc. 
4 MCTZ, Monsanto Corp. 


TRII5R-6.75 V, Mallory, Inc. 


UC-4250C. Solitron Devices, Inc. 
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Biliary Excretion of Conjugated Hydroxyl 
Benzodiazepines after Administration of Several 
Benzodiazepines to Rats, Guinea Pigs, and Mice 


PAOLO BERTAGNI*, FRANCA MARCUCCI, EMILIO MUSSINI, and SILVIO GARATTINI' 


Abstract 0 The extent of biliary excretion of diazepam, N-demethyl- 
diazepam, N-methyloxazepam, and oxazepam was studied in rats, 
guinea pigs, and mice. The intravenous administration of diazepam 
and N-demethyldiazepam was not followed by the excretion of these 
compounds or the corresponding hydroxylated free metabolites N- 
methyloxazepam and oxazepam. respectively, in the bile of the 
three animal species. In rats, no conjugated derivatives were de- 
tected in the bile; in guinea pigs and mice, 3 and 4 %  and 13 and 33 
of diazepam and N-demtthyldiazepam, respectively, were recovered 
as conjugated oxazepam. The injection of N-methyloxazepam re- 
sulted in a lower excretion of conjugated N-methyloxazepam and 
oxazepam in rats than in guinea pigs or in mice. When oxazepam 
was injected intravenously, conjugated oxazepam was 6.5 and about 
10 times higher in the bile of guinea pigs and mice, respectively, 
than of rats. The fact that hydroxylated metabolites are excreted as 
conjugated derivatives more by mice and guinea pigs than by rats 
may suggest the hypothesis of a more extensive enterohepatic cir- 
culation of these compounds in mice and guinea pigs than in rats. 


Kepphrases 0 Benzodiazepines, conjugated hydroxyl-biliary ex- 
cretion in rats, guinea pigs, mice 0 Biliary excretion+onjugated 
hydroxyl benzodiazepines in rats, guinea pigs, mice 0 Diazepam 
and N-demethyldiazepam-biliary excretion in rats, guinea pigs, 
mice 0 Oxazepam and N-methyloxazepam-biliary excretion in 
rats, guinea pigs, mice 


Diazepam is metabolized through at least two different 
pathways, N1-demethylation and C3-hydroxylation 
(1-3). The two metabolites N-demethyldiazepam and 
N-methyloxazepam are metabolized through hy- 
droxylation and N-demethylation, respectively, to form 
the final common metabolite oxazepam (4). The extent 
of these processes is different according to the animal 
species both in uitro (5 ,6 )  and in uiuo (7,8). 


To consider all the factors involved in the metabolism 
of benzodiazepines, it was of interest to measure the 
excretion of these drugs in the bile. The conjugated 
derivatives of hydroxylated benzodiazepines possess a 
molecular weight close to the one considered the thresh- 
old for biliary excretion. It has been suggested (9) that 
conjugated metabolites (glucuronic acid, sulfate, or 
glycine derivatives) below a molecular weight of around 
400 are mostly excreted through the urine, while above 
that weight they may be partially eliminated through 
the bile. Since the metabolism and the plasma half-life 
of benzodiazepines differ according to the various 
species, the biliary excretion was studied in rats, guinea 
pigs, and mice. 


MATERIALS AND METHODS 


Male Sprague-Dawley rats (body weight 20&250 g.), male 
albino guinea pigs (body weight 300-350 g.), and male Swiss 
mice (body weight 30-32 g.) were used in all experiments. The 
rats and mice were anesthetized with an intraperitoneal injection 
of urethan, 1.25 g./kg. (solution 25% w/v). 


The guinea pigs first received a light ether anesthesia for the time 
of the surgical operation; then the injection of the benzodiazepine 
was enough to  maintain the animals immobile. 


Each animal received, by intravenous injection, 5 mg./kg. of the 
drug under study (diazepam, N-demethyldiazepam, N-methyloxaze- 
Pam, and oxazepam)' dissolved in a solvent containing propylene 
glycol, glycofurol, benzyl alcohol, and water (30: 30:2:48). Control 
animals received an equivalent volume of this solvent. No signifi- 
cant changes of the biliary excretion were observed with control 
animals compared to benzodiazepine-treated animals. At least 
four animals were used for each drug. 


The bile duct was surgically exposed by a midline incision and 
cannulated with a polyethylene tube (0.10-0.20 mm.). The surgical 
condition was the same in the rats, guinea pigs, and mice, except 
that in mice and guinea pigs the gallbladder was excluded before 
the cannulation of the bile duct. The muscle and the skin were 
sewed in two separate layers, and the bile was collected for 3 hr. 
Since it has been shown (10) that hypothermia develops under the 
conditions of these experiments, a heating lamp was used over each 
animal to maintain a normal body temperature. 


The pH of an aliquot of the collected bile was adjusted to 7.2 and 
the amount of unconjugated benzodiazepine was determined. 
Another aliquot of the bile was incubated for 1 hr. a t  37" and pH 
4.5 with P-glucuronidase and arylsulfatase from Helix pomatia2 
(50 pl./ml. of bile), and the benzodiazepines were determined again. 
With these experimental conditions, a complete hydrolysis of the 
glucuronides of the hydroxylated metabolites was accomplished. 
Diazepam and its metabolites were measured by GLC as previously 
described (1 1). 


RESULTS AND DISCUSSION 


Table I summarizes the results obtained. The intravenous ad- 
ministration of diazepam and N-demethyldiazepam is not followed 
by the excretion of these compounds or the hydroxylated derivatives 
(N-methyloxazepam and oxazepam) in the bile of rats and guinea 
pigs. In rats, no conjugated derivatives were detected in the bile; 
in guinea pigs and mice, 3 and 4% and 13 and 33% of diazepam and 
N-demethyldiazepam, respectively, were recovered as conjugated 
oxazepam. 


chemical structure of diazepam and its metabolites 


diazepam: R1 = CHa, RZ = H 
N-demethyldiazepam: RI = H, RZ = H 


N-methyloxazepam: RI = CH3, RZ = OH 
oxazepam: R1 = H, Rz = OH 


1 Drugs used in this work were kindly supplied by U. Ravizza, 


2 Biochemia. 
Muggib, Milan, Italy. 
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Table I-Biliary Excretion of Conjugated Hydroxylated Benzodiazepines in the Rat, Guinea Pig, and Mousea 


- Percent of Administered Dose f SE 
Drug Administered N-Meth yloxazepam-- - Oxazepam 


(5 mg./kg. i.v.) Rat Guinea Pig Mouse Rat Guinea Pig Mouse 


Diazepam - - - - 3 . 0  f 0 . 8  13.1 f 1.9 


N-Methyloxazepam 8 . 5  =t 0 . 2  20.8 f 1 . 1  9 . 9  f 1 Traces 8 .1  f 0 . 8  23.0 f 0 . 8  
N-Demethyldiazepam - - - - 4 . 0  f 0 . 7  33.4 f 3 . 9  


Oxazepam - - - 5 . 3  f 0 .4  34.7 f 3 . 4  49.7 i 5 .3  
_ _ _ _ _ ~  ~ ~ ~ ~ ~~ _______ 


a The figures are the averages of four determinations and represent the conjugated forms present in the bile collected during 3 hr. after drug admin- 
istration. No diazepam or N-demethyldiazepam, in the free or conjugated form, was found in the bile and no free N-methyloxazepam or oxazepam was 
found after administration of the four benzodiazepines. The method permits detection of amounts higher than 0.15 % of the administered benzo- 
diazepines. 


The administration of N-methyloxazepam resulted in a lower 
excretion of conjugated N-methyloxazepam and oxazepam in 
rats than in mice or in guinea pigs. When oxazepam was given by 
the intravenous route, the excretion of conjugated oxazepam was 
6.5 and about 10 times higher in the bile of guinea pigs and mice, 
respectively, than of rats. The low biliary excretion of administered 
oxazepam in the rat may indicate a more rapid biotransformation of 
this compound in the rat than in the other two species, according to 
previous studies (4). The method utilized allows for the detection of 
the benzodiazepines at a level not lower than 0.15% of the ad- 
ministered dose. 


As far as the nature of the conjugated hydroxylated benzodiaze- 
pines, other studies in progress have established that they are mostly 
glucuronides. The fact that the anesthesia was different in the 
guinea pigs was not significant, because when guinea pigs were 
anesthetized with urethan the biliary excretion of conjugated 
oxazepam after administration of oxazepam was similar to the 
excretion obtained with ether anesthesia:. The excretion of conju- 
gated oxazepam in guinea pigs after administration of diazepam or 
N-demethyldiazepam was interesting, because these two compounds 
are not hydroxylated by guinea pigs liver microsomal preparations 
(12) and oxazepam was detected only in traces in viuo in blood, 
brain, or adipose tissue (13). In the three species considered, the 
order of importance in the biliary excretion of Cshydroxylated 
benzodiazepines is: mice > guinea pigs > rats. It is remarkable 
that the blood and tissue half-life after oxazepam administration 
follows the same order as far as species is concerned, suggesting that 
the enterohepatic circulation of oxazepam may be an important 
factor in sustaining oxazepam blood levels. 
In rats, unlike guinea pigs and mice, oxazepam can be methylated 


on the hydroxyl group and the seven-member ring can be broken 
(14). 
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After this period, a known volume of the dialyzate was 
evaporated to dryness, dissolved in a known volume of 
absolute ethanol, and spotted on a fluorescent thin- 
layer plate. Following multiple-pass, discontinuous 
developing in a developer consisting of ethyl acetate- 
absolute alcohol-I0 aqueous ammonia (200: 5 : 2), 
the air-dried plates were scanned using a thin-film 
scanning attachment for a spectrophotofluorometerl. 
An activation wavelength of 280 nm. and a fluorescent 
wavelength of 530 nm. were used. The scan was quanti- 
tated by comparing areas of unknowns to  those of 
known standard compounds. 


The data show that the exchange reaction did take 
place for all the nucleosides tried. Furthermore, for 
optimum conversion of 5-fluorouracil t o  5-fluoro-2’- 
deoxyuridine, an excess of the nucleoside is necessary. 


The implication for cancer chemotherapy is that one 
can, by using an excess of a relatively inexpensive, 
possibly nontoxic substance like deoxyuridine, obtain 
within the body at desired levels the more effective 
5-fluoro-2‘-deoxyuridine from 5-fluorouracil. Obtaining 
5-fluoro-2’-deoxyuridine this way may provide an 
antitumor agent for such forms of cancer as rectal 
cancer, for which 5-fluoro-2’-deoxyuridine seems by far 
superior to 5-fluorouracil. The hope that such a con- 
version may in  fact take place is supported by the 
results of the extensive study of inhibitors referred to  
earlier in this report (4). In light of the present 
results, Birnie and Heidelberger’s observation of great 
toxicity in the use of uridine with 5-fluoro-2’-deoxy- 
uridine may be explained in terms of the exchange re- 
action, where one of the products is the very toxic 
5-fluorouridine. As an extension of this, it may be sug- 
gested that the effect which has up to now been attribu- 
ted to inhibition of the nucleoside phosphorylase may 
be due to a contribution from the exchange reaction 
noted earlier. 


Experiments to test this speculation of the increased 
efficacy of 5-fluorouracil and 5-fluoro-2‘-deoxyuridine 
are now underway in mice?. Preliminary data on both 
solid and liquid tumors appear to bear out the initial 
findings. These results will be published. 
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Conformational Stabilization by o-Methyl 
Groups of a Sulfanilamide 


Keyphrases 0 Sulfanilamides-nformational stabilization by 
o-methyl groups, NMR, PMR spectroscopy 0 Conformation, 
sulfanilamides-NMR evidence for stabilization by o-methyl 
groups 0 NMR spectroscopy -stabilization of sulfanilamides 0 
PMR spectroscopy-stabilization of sulfanilamides 


Sir : 


The conformational attributes of drug molecules are 
frequently alluded to in order to  account for variations 
in  drug response among members of a noncongeneric 
or pseudocongeneric series. Conformationally distinct 
molecules might be expected to differ in  their physical 
properties, e.g., partition coefficient ( I )  or pKa (2), 
and in this way differences between the magnitudes of 
their biological responses could be “explained.” 
Alternatively, the conformational distinction between 
molecules could be translated at the receptor level as 
providing differing degrees of stimulus which, in turn, 
become elicited as variations in the relative responses. 
The relative importance of each of these alternatives 
most probably will have to be established for each drug 
system of interest, but studies having this intent are 
notably lacking in the literature. In view of recent prog- 
ress in the study of sulfonamide action (3, 4), i t  seems 
appropriate to  point out certain of our experimental 
findings which have significance in relation to the con- 
formational attributes of sulfanilamides in solution. 


Table I-Calculated Chemical Shifts for the Sulfanilyl Ring 
Protons of Some N1-Phenylsulfanilamides 


A b  
sorbance of 


Anilyl Ring N4-Acetyl Jobs, Ortho Meta 
Substituent Derivative 6, H Z . ~  Hz. 6.4, Hz. 6 ~ ,  Hz. 


45.8 8 . 8  18 .0  73.6 2-CH30 S 
47.5  8 . 8  23.6 71 .4  
46.7 9 . 0  21.9 71.6 


2-CH3; 6-CH3 Q 
44 .2  8 .9  16.6 71 .9  
44.8 8 . 8  17.2 72.4 


2-CH 3 
2-c1 
2-Br S 
2- I S 44 .0  8 . 9  16.8 71 .2  


39 .5  9 . 0  9 .7  69 .4  2-NO? S 


? 


a Chemical shift measured to center of patterr. relative to the sul- 
fanilyl ring absorption of N‘-acetylsulfanilamide (singlet, T 2.30). 
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Figure 1-PMR spectra of N4-acetyl-N1-(2,6-dimethylphenyl)sulfanilarnide. 


In this communication, we present NMR evidence 
which suggests that an N1-substituent on sulfanilamide 
that has a suitably placed methyl group can lead to 
conformational stabilization. Our findings are for sul- 
fanilamides derived from 2-methylaniline and 2,6- 
dimethylaniline, but analogous results may also be 
anticipated for other similarly substituted sulfonamides, 
e.g., sulfisoxazole. 


The basis for this study stems from our earlier 
observation ( 5 )  that, of a series of N4-acetyl-N1-phenyl- 
sulfanilamides, only the compound derived from 2- 
methylaniline had a PMR spectrum (60 MHz.) exhibit- 
ing a quartet for the sulfanilyl ring (S-ring) absorbance. 
The corresponding absorbance for all other compounds 
in the series was a singlet. This spectral behavior is 
consistent with a situation where, in solution, there is 
relatively unrestricted rotation about the SO2-N bond 
of a sulfanilamide, except when a stabilizing Coulombic 
interaction is possible between the sulfonyl (SOz) 
group and a substituent on the N1-moiety. In this latter 
instance, an additional partial rotational mode about 
the amido C-N bond is possible, which would change 
the population distribution of the various rotomers and 
could lead to  the seemingly anomalous S-ring absorb- 
ance for the 2-methyl-substituted compound. 


If such an interaction is assumed to  occur, it might be 
predicted that increasing the temperature of a solution 
of N4-acetyI-N~-(2,6-dimethylphenyI)sulfanilamide (I) 
would increase the probability for rotation about the 
sulfonamido (S02-N) bond at the expense of any con- 
formation stabilized by sulfonyl-methyl (S02-CH,) 
interactions. Conformational stabilization by the in- 
teraction of a methyl group with electron-rich bonds, 
such as a carbon-carbon double bond (C=C) or car- 
bony1 (C=O), is well documented (6), and an analogous 
type of interaction involving the sulfonyl and methyl 


groups of appropriately substituted sulfanilamides is a 
distinct possibility. Thus, the S-ring quartet observed 
in the PMR spectrum of I is expected to  collapse to a 
singlet as the temperature of the solution is increased. 


Figure 1 shows the collapse of the S-ring quartet for 
I as the temperature is increased from 39 to 70" and 
finally to 100". For this determination, dimethyl 
sulfoxide was used as the solvent and the spectra were 
obtained using an NMR spectrometer l. 


In efforts to  substantiate further a sulfonyl-methyl 
group interaction in sulfanilamides, the PMR spectra 
for a series of N1-phenylsulfanilamides derived from 
o-substituted anilines. were determined using a spectrom- 
eterz at  the normal operating temperature and with 
the compounds in 2-5 (w/v) tetrahydrofuran solu- 
tion. Chemical shifts for the S-ring protons that are 
ortho (6,) and meta (ae) to  the sulfonyl group were 
estimated under the assumption that the S-ring quartet 
observed for these compounds fit the simple A B  case 
(7, 8). Table I summarizes the results of these calcula- 
tions. The chemical shift 6, estimated for the 2-methy1 
and 2,6-dimethyl derivatives indicates that protons 
ortho to  the sulfonyl group in the S-ring are more 
shielded than the corresponding protons in the other 
derivatives. This increased shielding could be viewed 
as indicating increased polarity of the sulfur-oxygen 
(S-0) bond due to  an interaction with a methyl group. 


More direct measurements on the sulfur-oxygen 
bond character in these same N1-phenylsulfanilamides 
were made in the IR spectral region (9-1 1). This study 
was done using a grating IR ~pectrophotometer~ with 


1 Varian A56-60. We are indebted to Dr. Frank ,B. Mallory of Bryn 
Mawr College, Bryn Mawr, Pa., For the determinatlon of these spectra. 


2 Varian A60. 
3 Perkin-Elmer model 257. 
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Table It-Force Constants for the Sulfur-Oxygen (S-0) Bond 
of Some N1-Phenylsulfanilamides 


kso X 
Anilyl Ring 10-6, 
Subst it uent vsym, cm.-l vasym, cm.-* dynes/cm. 


2-CH3O 1153.6 1342.5 9.78 
2-CH3; 6-CH3 1152.6 1335.7 9.72 
2-CH3 1153.0 1337.0 9.73 
2-CI 1153.8 1341 .o 9.77 
2-Br 1153.8 1341 . O  9.77 
2-1 1153.6 1338.9 9.75 
2-NOz 1147.6 1348.6 9.78 


the compounds in tetrahydrofuran solution. Beer’s 
law plots for the symmetric and asymmetric sulfonyl 
absorptions were constructed to determine the con- 
centration range within which intermolecular associa- 
tion effects could be considered negligible. At concen- 
trations of 0.1 M or less, the position of the asymmetric 
band was not found to vary with concentration. How- 
ever, a slight concentration dependence was noted for 
the symmetric band position. Consequently, the posi- 
tions of the sulfonyl absorptions in 0.132, 0.100, 0.067, 
0.050, and 0.025 M solutions of the compounds were 
measured relative to the 1181.4 cm.-’ band of poly- 
styrene, and band positions were assigned as the inter- 
cept at zero concentration in a plot of absorption fre- 
quency against molar concentration. Absorption fre- 
quencies assigned in this manner may be considered 
accurate to within *0.5 cm.-]. Force constants for the 
sulfur-oxygen bond were subsequently calculated (12) 
using the relation in Eq. 1 : 


kso = 0.1570 (vsym + ~ ~ e ~ ~ ) ~  (Eq. 1) 


Based on the error associated with the assignment of 
band position, the calculated force constants (Table 11) 
are subject to a variation of +0.02 X lo5 dynes/cm. 
Inspection of Table I1 shows the force constants for the 
sulfur-oxygen bond in the 2-methyl and 2,6-dimethyl 
derivatives to be essentially equal in magnitude but 
slightly lower in value than the force constants for the 
other derivatives. It could be inferred, therefore, that 
the sulfur-oxygen bond in the methyl derivatives is 
induced to be more polar as a result of an interaction 
with a methyl group. 


Because of the small difference in the force constant 
between the methyl and the alternatively substituted 
compounds, the force constants for a series of benzene- 
sulfonanilides were also determined. The intent here 
was to establish the optimum range in kso for our ex- 
perimental conditions, when a conjugative interaction 
is possible between the sulfonyl group and a group 
situated para to it. Table 111 presents these findings. In 


Table 111-Force Constants for the Sulfur-Oxygen (S-0) Bond 
of Some Benzenesulfonanilides 


Sulfanilyl 
Ring, p -  kso x 10-6, 


Substituent vsym, cm.-1 v,,,.,,,, cm.-l dynesfcm. 


N B  1151.5 1346.8 9.80 
CH3 1158.7 1350.3 9.89 


H 1159.5 1350.8 9.89 
Cl 1161.2 1353.2 9.93 


NO2 1161.5 1349.0 9.90 


this instance the force constant was relatively insen- 
sitive to the electronic nature of the substituent, except 
for N1-phenylsulfanilamide. Conjugation between the 
sulfonyl group and a p-amino group was cited pre- 
viously (13-15) so this finding was not unexpected. 
Based on the values for kso given in Table 111, a range 
of about 0.10 X lo5 dynes/cm. is as large as could be 
expected under the most ideal conjugative conditions 
involving the sulfonyl group. From this, the reduction 
in kso by about 0.05 X lo5 dyneslcm. due to  a methyl 
group substitution on the compounds in Table I1 may 
be considered an appreciable difference. 


In conclusion, the NMR spectral evidence presented 
suggests that N4-acetyl-N1-(2,6-dimethylphenyl)sul- 
fanilamide adopts a preferred conformation in solu- 
tion which can be equilibrated with other conformations 
upon heating. Information gained by supporting 
NMR and IR studies tends to suggest that an interac- 
tion between sulfonyl and methyl groups stabilizes 
this preferred conformation. This interaction is best 
described as Coulombic in origin and perhaps may 
resemble a type of hydrogen bond. Conformational 
studies that make use of molecular orbital methods may 
allow an estimate of the three-dimensional structure 
for such conformationally stabilized sulfanilamides and 
might also contribute to a description of the sulfonyl- 
methyl group interaction. 
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Influence of Gibberellic Acid on 
Growth, Flowering, and Alkaloidal Content of 
Atropa belladonna L. Grown in Egypt 


F. REDA’ and S .  A. BAKER 


Abstract 0 Gibberellic acid seed treatment and dripping at the 
fourth to fifth leaf stage of Atropu belludonnu L. increased the stem 
length, number of leaves, and number of branches. Gibberellic acid 
had a differential effect on the area of the leaf at different internodes. 
The dry weight of shoots of treated plants was increased, especially 
at the full-flowering stage. A pronounced increase in the alkaloidal 
content was obtained in the shoots of treated plants at 50 mg./l. 
gibberellic acid, especially at flowering phases. 


Keyphrases 0 Gibberellic acid-effect on growth, flowering, and 
alkaloidal content of Atropu belladonna L. 0 Atropa belladonna L.- 
effect of gibberellic acid on growth, flowering, and alkaloidal con- 
tent 0 Plant growth regulators-effect of gibberellic acid on Atropa 
belladonna L. 


Gibberellic acid has been reported to  influence the 
vegetative growth, flowering process, and major 
metabolic pathways i n  plants (1-5). In addition, its 
influence on the biosynthesis of some active constituents 
of medicinal plants has been studied, especially on 
Datura stramoiiiirm L., Catharanthus roseus L., Hyoscy- 
amus niger L., and Atropa belladonna L. (6-12). 


This work was carried out to  study the effect of soak- 
ing the seeds in gibberellic acid and then dripping gib- 
berellic acid on the same plants raised from the treated 
seeds on the growth, development, and alkaloidal pat- 
tern of A .  helladonna L. at different physiological stages. 


EXPERIMENTAL 


Growing the Plant-Seeds of A. belladonna L. were germinated in 
culture flats. After 1 month, the uniform young seedlings (two to 
three leaves) were transplanted into small pots and were kept there 
for an additional month. The plants were then transferred to larger 


1 The seeds of A .  belladonna L. were supplied through the courtesy 
of Prof. Dr. R.  T. Voigt, College of Pharmacy, University of Illinois 
at the Medical Center, Chicago, IL 60680. 


pots (30 cm. in diameter), containing 12 kg. of soil*, until the end of 
the experiment. At I-month intervals, plants within each pot were 
fertilized with 3 g. of a mixture containing calcium superphosphate, 
potassium sulfate, and calcium nitrate. 


Treatment-The seeds were soaked for 24 hr. in different concen- 
trations of a freshly prepared aqueous solution of gibberellic acid3 
(25, 50, and 100 mg./l.). Furthermore, 2 ml. of the same concentra- 
tions of gibberellic acid was dripped on the terminal buds and the 
young unfolded leaves of the plants raised from the treated seeds. 
Dripping of gibberellic acid was carried out, using a graduated 
pipet, at the fifth to sixth leaf stage. Dripping was repeated four times 
at  4-day intervals. 


Samples of the shoots and roots from each treatment were drawn 
at random for dry weight determination before flowering, a t  flower 
budding, at full flowering, and at fruiting stages. The samples were 
dried to constant weights in a circulating hot air oven at  70°, 
reduced to powder (40 mesh), and stored in airtight containers for 
chemical analysis. The leaf area per plant (after 10 days from the 
end of gibberellic acid dripping) was determined using a planimeter. 


Growth and Flowering Studies-The length of the main stem and 
each of the successive 10 internodes, as well as the number of leaves 
and branches, was recorded at 10-day intervals. Flowering and fruit- 
ing dates were also recorded. The flowering date was calculated as 
the days from germination to the appearance of the first visible flow- 
erbud for each treatment. The numbers of flowers and fruits were 
recorded daily. In all cases, the mean of 10 plants for each treat- 
ment was calculated. 


Alkaloidal Content Determination-Extraction of the alkaloids 
from the plant samples was carried out according to the procedure 
of Allport and Wilson (13). The spectrophotometric determination 
of the alkaloids was performed using the method of Durick e f  a/ .  
(14). The total alkaloidal content was calculated as milligrams hyo- 
scyamine per gram dry weight as well as per dry weight of every plant 
organ. 


Statistical Analysis-Available data were subjected to analysis of 
variance to calculate the F test and the least significant difference at 
0.01 according to the design of complete randomized plots with in- 
teraction (15). The least significant difference was calculated between 


2 Loamy clay soil having the following mechanical analysis: sand, 


3 Gibberellic acid was supplled by Merck Sharp & Dohme, Rahway, 
24%;ti l t ,47%; andclay.29Z.. 


N. J. 
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Table I-Effect of Gibberellic Acid on Vegetative Growth of A.  belladonna L. 
~~ ~~~ 


Concen- 
tration of 
Gibberellic Mean 


Plant Acid, -Plant Age, Days - (Treat- 
Characteristic mg./l. 175 182 190 197 205 215 224 234 241 ment) 


___ 


Stem length, cm./plant 00 
25 
50 


100 
Mean 


Diameter of stem, cm./plant 00 
25 
50 


100 
Mean 
00 
25 
50 


100 
Mean 


Number of branches 00 
per plant 25 


50 
100 
Mean 


Number of leaves per plant 


Least significant difference <0.05 


Stem length 
Diameter of stem 
Number of leaves 
Number of branches 


3.2a 
11.5 
12.0 
14.1 
10.2 
- 
- 
- 
- 
- 


9.1 
10.2 
11.2 
10.5 
10.2 
- 
- 
- 
- 
- 


4.5 
12.3 
12.5 
14.5 
10.6 
- 
- 
- 
- 
- 


9.6 
11.3 
12.3 
12.2 
11.3 
- 
- 
- 
- 


- 


9 . 6  16.0 30.0 34.0 54.0 62.0 63.0 30.7 
20.0 22.5 37.5 46.8 55.2 63.2 64.3 35.6 
22.5 27.5 44.3 47.3 58.2 58.2 62.0 67.3 
28.2 30.5 45.2 60.2 63.0 66.0 70.2 67.9 
20.1 24.0 39.2 47.1 57.6 54.1 67.9 - 


6.1 7 . 3  7 . 7  7 . 7  7.9  8.3 7 .5  
6.0 6 .7  6.9 7 .2  7 .3  7 . 5  6.9 
6.2 6.6 7 . 2  7 .4  7 . 7  7.8 7.1 
6.5 6.7 6.9 7 . 0  7.3 7 .6  7 . 0  


- 6.2 6 .8  7.2 7.3 7 .5  7.8 - 


12.2 15.0 17.0 20.5 25.2 27.5 30.0 17.8 
16.2 17.0 21.0 23.2 26.2 31.5 33.0 21.4 
17.5 18.5 22.5 25.2 28.5 32.0 34.5 20.5 
18.4 19.5 24.0 26.2 31.5 32.0 36.0 21.1 
16.1 17.5 21.1 23.8 27.8 30.8 33.4 - 
- 1.5 2 .0  2.4 2.6 2.8 3.0 2.4 


1.6 1.9 3.2 3.2 3.6 3.6 2.9 
- 3.0 3.1 3.1 3.1 3 .4  3.4 3.2 
- 3.0 3.0 3.1 3.2 3.8 3.8 3.3 
- 2.3 2.5 2.9 3.0 3 .4  3.5 - 


- 
- 
- 
- 


- 


Treatment Age 
3.9 5.9 
0 .4  0.4 
0.8 4.4 
0.6 0 . 7  


- 


a Average of 10 plants per treatment. 


means of treatments within the same stage of growth, between 
means of stages within the same treatment, and that of the inter- 
action to compare the means in all directions. 


RESULTS AND DISCUSSION 


Vegetative Growth-The treated plants demonstrated character- 
istic gibberellic responses. Stem length, number of leaves, and num- 
ber of branches were significantly increased by treatment with gib- 
berellic acid, especially at 100 p.p.m. (Table I). However, the diam- 
eter of the main stem of treated plants was significantly decreased. 
This stimulatory effect of gibberellic acid was pronounced at the 
early stage of growth and continued at a decreasing rate until the 
end of growth. This might be due to the combined effect of soaking 
the seeds and dripping gibberellic acid on division and elongation 


of the cells. The increase of stem length occurred mainly in the 
third to the seventh internode of treated plants (Table 11). This 
promotion of growth by stem elongation as a result of gibberellic 
acid treatment was observed previously for several plants, including 
Atropa (7,8,11). 


Although there were no significant increases in the dry weights 
of the roots, the dry weights of shoots were significantly above the 
controls, especially at full flowering stage (Table 111). This result 
clearly indicates that the physiological stage may play an important 
role in obtaining a beneficial response from gibberellic acid treat- 
ment. The increase in dry weight of shoots of Atropa as a result of 
gibberellic acid treatment was confirmed by Brummett and Sciuch- 
etti (8). The gain in dry weight of tops often was not accompanied by 
a corresponding increase in root weight (16, 17). The areas of the 
first and second leaves were increased by the treatment with 100 
mg./l. gibberellic acid (Fig. 1). However, the areas of the fourth to  
the seventh leaves of treated plants were markedly decreased. 


Table II-Influence of Gibberellic Acid on the Length of Different Internodes (Centimeters per Plant) of A .  belladonria I,. 


Gibberellic Acid 
Plant Age, Concentration, -- Internode Arrangement 7 


Days mg./l. 1 st 2nd 3rd 4th 5th 6th 7th 8th 9th loth 


205 


215 


224 


234 


00 
25 
50 


100 
00 
25 
50 


100 
00 .. 


25 
50 


100 
00 
25 
50 


100 


2.5" 1 . 7  2.2 2 . 2  1 .9  1.6 1 .5  1.5 I . 4  1 .8  
2.6 2 .3  2.3 2.4 2.2 2.0 2 . 2  1.8 2.1 2.0 
2.9 2.7 2.6 2.8 2.9 2.4 2.6 2.0 2.1 2.2 
3.8 2.9 3.1 3.1 3.4 3 .O 3 .O 2.9 3 .0  2 .8  
2.6 2.3 2 . 3  2 .4  1 .9  1.7 1.6 1 . 7  1.5  2 .2  
2.7 2.6 2.7 2.6 2.3 2.2 2.4 2. I 2 .5  2.5 
3.2 3.1 2.9 3 .2  3 . 0  2 .8  2.8 2.4 2.3 2.6 
2.8 3 .2  3.2 3.4 3.5 3.2 3.3 3.4 3 .2  3.6 
3.1 2.9 2.4 2.6 2.4 2 .2  1.8 1.9 1 . 8  2.5 
3.2 3.3 2 . 9  2.9 2.7 2 .4  2.7 2.3 2.6 2.9 
3.4 3.5 3.1 3 .4  3 .2  3 .O 2 .9  2 .6  2.7 3 .0  
3.9 3.6 3.8 3.7 3 . 7  3.4 3.7 3.9 3.3 3.7 
3.2 3.0 2 .6  2.8 2.6 2.6 2.1 2 .3  2.2 2.6 
3.3 3 . 3  3.2 3.2 2.8 2.6 2.8 2.6 3 .O 3 .1  
3 .4  3 .6  3.4 3.6 3.3 3 . 3  3.0 2 .9  3.1 3.4 
3.9 4 .0  4.0 3.9 3.4 3.6 3 .8  3.9 3.6 3.8 


a Average of 10 plants per treatment. 
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Figure 1--Effect of gibberellic acid on Ieaf area. 
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Therefore, the increase in the dry weight of the shoots of the 
treated plants might be explained by the increased number of 
branches and leaves. In this respect, the response was attributed to 
the increase in carbon fixation of gibberellic acid-treated plants ( I )  
and to the redistribution of materials from the roots to the shoots 
(16). 


Flowering and Fruiting Responses-It is obvious from Table IV 
that treatment with gibberellic acid significantly enhanced both the 
processes of flowering and of fruiting compared with the controls. 
The plants treated with 100 mg./l. gibberellic acid yielded flowers 14 
days earlier and fruits 12 days earlier than the controls. Early flower- 
ing after gibberellic acid treatment was reported previously for other 
plants (18-21). 


The flowering rate was increased for all treatments during the 
first period of the flowering season, reaching the highest values a t  
I 0 0  mg./l. gibberellic acid (Fig. 2). However, as the season of 
flowering progressed, the flowering rate declined for plants treated 
with gibberellic acid a t  concentrations of 50 and 100 mg./l. These 
results indicate that gibberellic acid plays an  indirect and im- 
portant role in the stimulation and promotion of the flowering 
process during its first period. 


It was found that gibberellic acid significantly increased the 
number of fruits, especially for plants treated with 50 mg./l. (Table 
IV). This result shows that treatment with 50 mg./l. of gibberellic 
acid might have a more favorable influence on the retention of 


Table V-Efkct of Gibberellic Acid on Total Alkaloidal Content 
(as Milligrams Hyoscyamine per Gram Dry Weight) 


Gibberellic 
Acid 


Con,en- -Physiological Stages-- 
Plant tration, Before At Flower At Full 
Organ mg./l. Flowering Budding Flowering Mean 


Shoot 00 7.  2Za 4.11 3.71 5.01 
25 6.84 5.40 4.52 5.59 
50 7.41 6.54 5.53 6.49 


100 7.62 4.90 4.60 5.71 
Mean 7.27 5.24 4.78 - 


Least significant difference (0.01): 
Gibberellic acid treatments 1.38 
Stages 
Interaction 


I .21  
Not significant 


Root 00 3.20 2.73 5.12 3.68 
25 4.60 3.32 5.21 4.38 
50 4.34 3.52 5.50 4.45 


5.20 4.20 100 4.30 3.10 
Mean 4.11 3.17 5.28 -_ 


Least significant difference (0.01): 
Gibberellic acid treatments 0.32 
Stages 0.28 
Interaction 0.56 


Average based on three replicates per treatment. 


flowers and the development of fruits of Atropa. The promotion of 
fruit setting and the development of tomatoes treated with gibberel- 
lic acid were reported by Wittwer et al. (22). In addition, the re- 
tention of flowers was observed for cotton plants treated with 
gibberellicacid (23, 24). 


Alkaloidal Analysis-The alkaloidal content (milligrams hyoscy- 
amine per gram dry weight) of shoots and roots of treated plants 
was significantly increased at  different stages of growth (Table V). 


A pronounced increase in alkaloidal content of shoots was re- 
corded for plants treated with 50 mg./l. gibberellic acid, especially 
a t  flowering stages. This response was true whether the alkaloidal 


Table 111-Influence of Gibberellic Acid on Dry Weight of Shoots and Roots of A. belladonna L. 


Stage of -Shoot ,--. Root 7 


Growth 00 25O 50 100 00 25 50 100 


Before flowering 0.  36b 0.43 0.50 0.43 0.04 0.06 0.10 0.08 
At flower budding 4.86 4.93 5.90 7.10 0.71 0.48 0.74 0.83 
At full flowering 12.83 12. I6 15.20 16.66 2.40 2.17 2.03 2.20 
At fruiting 16.76 16.80 17.83 19.86 5.70 6.00 6.87 6.57 
Least significant ditference: 


Gibberellic acid treatments 0.94 Not significant 
Stages 0.94 0.49 
Interaction 1.95 Not significant 


4 Concentration of gibberellic acid as milligrams per liter. b Average in grams of three replicates per plant per treatment. 


Table IV-Flowering and Fruiting Times and Number of Fruits as Influenced by Gibberellic Acid Treatments 


Gibberellic Acid 
Concentration, Floweringa Fruit ing -Number of Fruits per Plant 


mg./l. Time Time 233b 238 243 248 253 Mean 


00 210. 5c 223 .O 16.8 19.2 21.8 23.9 24.6 21.3 
25 201.7 224.0 17.5 24.1 22.0 26.2 28.2 23.6 
50 196.3 210.9 16.0 25.9 28.3 29.7 30.7 26.0 


100 196.0 211.4 18.0 19.7 21.9 25.7 28.8 22.8 
Mean -_ - 18.2 19.4 23.0 26.9 29.7 - 


Least significant difference (0.01) : 
Flowering 2.4 
Fruiting 4. I 
Gibberellic acid treatments 4.98 
Stages 5.57 


Days from germination to the first visible flowerbud or fruit. b  Plant age in days from germination. Average per plant based on 20 plants per 
treatment. 
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Table VI-Effect of Gibberellic Acid on Total Alkaloidal Content (as Milligrams per Total Dry Weight) 


Stage of - Shoot Root---- 7 


Growth 00 2 9  50 100 00 25 50 100 


Before flowering 2. 59b 2.94 3.71 3.28 0.13 0.28 0.43 0.34 
At flower budding 19.97 26.62 38.59 34.79 1.94 1.59 2.61 2.57 
At full flowering 47.59 54.96 84.05 76.63 12.29 11.31 11.16 11.44 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~~~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ 


a Concentration of gibberellic acid as milligrams per liter. * Average based on three replicates per treatment. 


content of shoots was calculated Der unit or oer total drv weieht REFERENCES 
(Tables V and VI). However, thLalkaloida1 Content of roots &d 
not show any significant changes on the basis of the total weight of 
roots (Table VI). An increase in alkaloidal content due to gibberellic 
acid treatment might be the result of an indirect influence of the 
stimulation of the vegetative growth, flowering process, and meta- 
bolic activity of the plants. Yunusov (25) explained the increased 
alkaloidal content of different plants by the intensive metabolism of 
the substances in which the alkaloids serve as biochemical catalysts. 
Furthermore, Brummett and Sciuchetti (8) reported that due to 
increased growth, the older plants of Atropa displayed about a 32 
increase in total alkaloid production following gibberellic acid 
treatment. 


SUMMARY 


Plants treated with gibberellic acid showed significant increases 
In the following characteristics: stem length (mainly at the third 
to the seventh internodes), number of leaves, number of branches, 
leaf area (first and second leaves), and dry weight of shoots. How- 
ever, the dry weight of roots did not show any significant increase. 
The stem diameter was significantly decreased. 


Gibberellic acid treatment enhanced and stimulated the flowering 
process of Atropa, especially a t  the first period. 


An increased alkaloidal content of shoots was obtained for 
plants treated with 50 mg./l. gibberellic acid at the full flowering 
stage. 
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Figure 2-Efect of gibberellic acid on theflowering rate. 
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Circuit for Simulation of Multiple-Dosing Kinetics 


EDWARD B. KIRSTEN*A and SAMUEL M. ROSS 


Abstract 0 An electronic circuit is described which simulates the 
theoretical curves associated with multiple-dosing kinetics. The 
output is an analog voltage which generates plasma concentration 
oersrts time curves consistent with the assumptions in a one-com- 
partment open model with rapid intravenous injection. Potenti- 
ometer settings offer wide variations in dosing schedules, distribu- 
tion volumes, and elimination rate constants. Also, once steady- 
state levels are achieved, a second circuit can be used to  produce 
sudden changes in the elimination rate constant. Both circuits use 
commercially available electronic components and have been used 
in student lecture/demonstrations to display multiple-dosing ki- 
netics graphically. 


Keyphrases 0 Multiple-dosing kinetics-simulation, electrical 
circuits 0 Electrical circuits--simulation of multiple-dosing 
kinetics 0 Simulation of multiple-dosing kinetics-electrical cir- 
cuits 


An understanding of drug accumulation through 
repeated administration is an important aspect in the 
teaching of pharmacology. Concepts such as dosing 
interval, volume of distribution, and half-life can be 
made more meaningful if time-concentration curves 
are generated to illustrate significant points. Both analog 
and digital computers can simulate models of multiple- 
dosing kinetics (1-3). Likewise, hydrolic analogies have 
been employed in discussions of one- and two-compart- 
ment systems (4, 5) .  These models, however, are often 
expensive or inconvenient to  use during a lecture/dem- 
onstration. The purpose of this report is to present a 
simple and inexpensive electrical circuit which can be 
used to simulate the theoretical curves associated with 
multiple-dosing kinetics. The device can be used in both 
the training of research scientists and the teaching of 
medical students. 


DISCUSSION 


The model discussed in this paper is an analog device which was 
constructed from standard electronic components to simulate the 
theoretical plasma concentration cersus time curves associated 
with repetitive dosing. This simple analog consists of two indepen- 
dent circuits. The first, or multiple-dosing circuit, generates an out- 
put voltage proportional to the time-varying drug concentration. 
The time-concentration curves are consistent with the multiple- 


dosing conditions set on four potentiometers representing dosing 
interval, volume of distribution, dose magnitude, and elimination 
half-life. Plasma concentration falls exponentially between individ- 
ual administrations, with drug accumulation from sequential ad- 
ministrations following equations given by Goldstein e t  ul. (6 )  
and Wagner (7). 


A second. or level-change circuit, employs a level controller to 
alter automatically the elimination half-life when a certain preset 
voltage, i .e.,  drug concentration, is reached. The multiple-dosing 
circuit functions independently of the level-change circuit. 


The multiple-dosing circuit is shown in Fig. 1. The circuitry 
consists of an oscillator to control pulse rate, a monostable multi- 
vibrator to regulate pulse duration, and a constant-current source 
to charge rapidly capacitor C of the RC network. These active 
components control drug injection parameters, while the R C  net- 
work is analogous to the “patient.” A +5-v. power supply1 drives 
all of the circuitry with the exception of the battery supply? to  the 
operational amplifier in the constant-current circuit. 


The first component, a unijunction oscillator, produces a pulse 
train output. Each pulse is analogous to  a single dose. The pulse 
frequency is variable, with a rate determined by potentiometer 
R, in the oscillator circuit. In the parameters of pharmacokinetics, 
altering R1 would be analogous to varying the dosing interval. 
The output pulse rate can be accurately monitored by an oscillo- 
scope as indicated in Fig. 1 and is variable from 3 t o  60 pulses/sec. 


The oscillator output drives a monostable multivibrator3. The 
multivibrator provides a pulse at  the oscillator rate but with a dura- 
tion that is a function of potentiometer RP. Altering RP is equivalent 
to changing the volume of distribution on a multiple-dosing time- 
concentration curve. The exact electrical analogy of varying the 
volume of distribution consists of a change in capacitor C, i.e., a 
change in the distribution volume of the patient. This, however, is 
technically difficult to accomplish without also changing the time 
constant of the R C  network and, consequently, the drug half-life. 
To simplify the circuitry in this particular model, pulse duration is 
used as the electrical parameter corresponding to  distribution vol- 
ume. For pragmatic reasons the volume of drug distribution is 
controlled by the electronic circuit involved with drug injection 
rather than the circuit components of the patient. 


The multivibrator is coupled to a constant-current source by a 
photoi~olator~. A constant-current circuit is employed to accomplish 
rapid buildup of charge across the passive RC network. thereby 
adequately describing instantaneous drug absorption. Constant 
current is achieved by using an operational amplifier5. The output 


12.6.100, Semiconductor Circuits, Inc. 


3 9601, Fairchild, Inc. 
4 MCTZ, Monsanto Corp. 


TRII5R-6.75 V, Mallory, Inc. 


UC-4250C. Solitron Devices, Inc. 
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Figure 1-Diagram of multiple-dose circuitry (upper) and level-change circuitry, Poterltiometer R1 is 250 kn,  R2 and R:, are 100 ksl, Ra is 10 ksl, 
and Ra is 2.5 Ma.  Both R2 and R3 are 10-turn potentiometers. The electrical Jruicfiort of each circuit is grcen with its pharmacokinetic 
analogy given in parentheses. Capacitor C is a 3 pJ, 200-v. unit. K ,  is a reed relay (model PRB3009HI. Clare Co.). Sl is a single-pole, single- 
throw switch; S2 is a single-pole, double-throw switch. 


current level, equivalent to the magnitude of a single dose, is regu- 
lated by the 10-turn potentiometer Ra6. Sincethe distribution volume 
is determined by Rz and the dose magnitude is controlled by R3, the 
resulting drug plasma level in the patient is determined by the active 
network. 


The constant-current output pulses are fed into a passive 
RC network simulating first-order elimination between individ- 
ual doses. The setting on potentiometer R, determines the 
half-life or elimination rate constant of the drug. The analog voltage 
output measured across the RC network is proportional t o  the 
charge on capacitor C and, hence, to the instantaneous drug levels 
in the patient. 


The accumulation of charge on capacitor C proceeds in the 
following manner. After the circuit is activated by closing 8, the 
first current pulse across the RC network charges capacitor C to 
some value determined by RZ and R,, i.e., the predetermined plasma 
drug concentration for the patient. Exponential discharge of the 
capacitor starts immediately and follows the equation: 


Q t  = Q,g-“RC (Eq. 1) 
where Qt, the charge on the capacitor, is proportional to the plasma 
drug concentration at  time I ;  and Q, is  the drug concentration just 
after the first dose. The elimination rate constant is given by the 
time constant (RC)-l of the R C  network, where R = 500 kR + R4. 
The second pulse, i.e., second administration, arrives after an inter- 
val determined by potentiometer RI. This current pulse adds further 
charge ( Qo) to the exponentially discharging capacitor, resulting in 
an instantaneous buildup to  a new level. The succeeding pulses 
continue to add charge to the discharging capacitor, resulting in an 
accumulation of charge given by: 


6 62JA-IOK. Clarostat Corp. 


where n is the number of current pulses across the R C  network, and 
t* is the interval between pulses. This process continues until a 
steady state is reached when the charge delivered to  capacitor C 
during a current pulse is equal to the charge discharged through R. 


~~~ ~ ~ ~ _ _ _  


Figure 2-Graphical displuy of curves generu fed by the multiple-dose 
circuit. ( A )  The colume of distribution is decreased (upper curve) com- 
pared with the control. The notch ott the initial segment of  the ex- 
potreiitially decaying curve is due to a mechanical overshoot of the 
x-y recorder. (B )  The elitnination rate comtant is decreased (upper 
curve) compared with the control. The curves were started at different 
poiiits to avoid partial overlap. The dashed lines illustrate the dif- 
ferences in eliminatioii rote constant. 
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Figure 3-Altrrcrtioir 41’ mrrltiple-closiirg ruroe wlreii lecrl-clrange 
rircuitry ij triggered (arrow). A /anger half-life is obtained by setting 
Sz ut the uppropririte position. 


The pharmacokinetic equations analogous to  Eqs. 1 and 2 were 
given by Goldstein et N I .  (6) and Wagner (7). 


The second, or level-change circuit, incorporates a level controller 
and holder to alter automatically the time constant of the RC net- 
work when a certain charge level is reached on capacitor C (Fig. 1). 
The trigger level of the 741 operational amplifier? is set by potenti- 
ometer R:, so that the level-change hold circuite opens or closes relay 
K, ,  depending upon the position of switch Sn. For example, with S? 
in the No. 1 position (as shown in Fig. I ) ,  K,  is open and the time 
constant of the RC network is determined by the product (R4 + 
500 KWC. When a certain predetermined charge has built up across 
C, S2 changes to the No. 6 position, thereby closing K1 and effec- 
tively removing R4 from the circuit. The new time constant given 
by (500 kn)C results in a shorter exponential discharge time, i.e., 
higher elimination rate constanr. 


RESULTS AND CONCLUSIONS 


The assumptions consistent with a one-compartment open 
model of drug distribution were employed in designing this multiple- 
dosing analog (7). The pharmacokinetic parameters (dose, dosing 
interval. volume of distribution. and elimination half-life) can all 
be altered by simple potentionietric controls as described. Further- 
more, a second circuit can be used to  alter automatically (or manu- 
ally) the half-life at  some point during the exponential voltage 
buildup generated by the multiple-dosing circuit. The “new” half- 
life might be consistent with some physiological or pharmacological 
procedure done on the patient, thereby shifting the plasma drug 
concentration to a new level. 


7 Fairchild Instrument. 
* SN7412, Texas Instrument Corp. 


Typical time-concentration curves displayed on an x-y recorderg 
are shown in Fig. 2. In Fig. 2A the volume of distribution was 
changed by varying the R2 potentiometer on the pulse duration 
circuitry. In a similar manner, the elimination rate constant can be 
altered by increasing or decreasing the R4 potentiometer in the RC 
network (Fig. 2B). In both figures the maximum along the curve of 
accumulation lies on a curve which is identical with the curve of 
disappearance (8). Neither of the curves was generated using the 
level-change circuitry described. 


Figure 3 shows a curve where the half-life was changed upon 
reaching a predetermined drug concentration (arrow). The level- 
change circuitry can either increase or decrease the half-life. depend- 
ing on the position of switch s?. In this figure the output was dis- 
played directly on a TV monitor. using one channel of an eight- 
channel multiplexer10 and a scan converterll. 


Simple electronic teaching devices such as these are often sufficient 
to convey a reasonable understanding of the pharmacokinetic con- 
cepts of multiple dosing. Moreover, the basic relationships illus- 
trated empirically by this device can be easily expanded into a more 
rigorous theoretical treatment. 
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Electron-Capture Sensitivity Comparison of 
Various Derivatives of Primary and Secondary Amines 


S. B. MATIN and M. ROWLAND' 


Abstract 0 A comparative electron-capture sensitivity study was 
performed with various derivatives (e.g., heptafiuorobutyramide, 
pentafluorobenzamide, and pentafluorobenzylidine) of some 
clinically important primary and secondary amines. Generally the 
order of electron-capture sensitivity for primary amines was: 
pentafluorobenzamide > pentafluorobenzylidine > heptafluoro- 
butyramide, and for pentafluorobenzamides the primary amines 
were greater than secondary amines. Reduction of the C=O or 
C=N group in pentafluorobenzamide and pentafluorobenzyl- 
idine, respectively, led to a diminished response. In general, the 
order of sensitivity was the same but the response using a tritium 
detector was 10-20-fold greater than with a nickel-63 detector. 
The data are consistent with the theory that an electron-deficient 
system is necessary for good electron-capture response and that 
this response is also sensitive to the structure of the amine. The 
results further illuminate the electron-capture mechanism and 
suggest a more rational approach to the choice of a derivatizing 
agent for the determination of a particular amine. 


Keyphrases Amines, primary and secondary-comparative elec- 
tron-capture sensitivity with various derivatives 0 Electron-capture 
detection-comparison of various derivatives of primary and 
secondary amines GLC and electron-capture detection-anal- 
ysis, microquantities of primary and secondary amines 


Advances in the microquantitation of drugs in bio- 
logical fluids have paralleled the development of ex- 
tremely sensitive and selective methods of estimation, 
such as GLC coupled with an electron-capture detector. 
In general, compounds of biological interest do not 
show a large response in electron-capture detector. 
However, it is a common practice, particularly with 
primary and secondary amines, to derivatize them with 
agents containing one or more halogen atoms or nitro 
groups. Halogenated reagents have included chloro- 
acetic, trichloroacetic, heptafluorobutyric, and penta- 
fluoropropionic acid chlorides or anhydrides (1-6). 
Pentafluorobenzoyl chloride also has been advocated 
(7, 8) ,  while 2,4-dinitrofluorobenzene has been used as 
a reagent in the determination of primary and secondary 
amines by electron-capture detection (9, 10). 


Since clinically useful amines are generally adminis- 
tered in small doses and are only present in trace 
amounts in biological fluids, any analytical procedure 
that is both highly sensitive and selective is very de- 
sirable. In the present study, some common derivatives 
of amines were examined for their GLC behavior and 
eIectron-capture response. The findings led to further 
enlightenment of the electron-capture process and sug- 
gested a more rational approach toward the choice of 
a derivatizing agent for estimation of a primary and 
secondary amine in biological fluids. 


EXPERIMENTAL 


Reagents-Pentafiuorobenzoyl chloride, heptafluorobutyric an- 
hydride, pentafluorobenzyl bromide, pentafluorobenzaldehyde, and 


heptafluorobutylaldehyde ethylhemiacetal were used'. All solvents 
were spectroscopic grade and distilled when necessary. 


Apparatus-The GLC work was performed on either a Varian 
600-D gas chromatograph with a tritium foil electron-capture 
detector or on a 1200 Varian chromatograph with a nickel-63 elec- 
tron-capture detector. Glass columns, 1.8 m., 0.3 cm. (6 ft., 
0.125 in.) o.d., packed with either 3% OV-17 or OV-225 coated 
onto Chromosorb W AW DMCS H P  (100-120 mesh), were used 
with a nitrogen flow of 30 ml./min. Columns were conditioned 
for 48 hr. a t  280", the first 24 hr. without nitrogen flow. 


Measurement of Electron-Capture Response-The amount of 
each derivative injected onto the column was adjusted so that the 
response did not exceed 30% of the standing current. Owing to 
overlapping as well as widely varying retention times, quantitative 
mixtures of different derivatives were prepared. Because the 
response to amphetamine pentafluorobenzamide when chromato- 
graphed at various temperatures (161-200") was found to differ by 
no more than 5 %, it was employed as a reference standard in each 
mixture. Corrections could then be made for variations in the 
quantity of derivative injected. All derivatives examined gave sym- 
metrical peaks. The area under a peak was calculated as the product 
of peak height and width at  half peak height. By knowing the chart 
speed and the current for full-scale deflection at the amplifier sensi- 
tivity setting used, area measurements were converted to coulombs. 
Response was expressed as k (thousand) coulombs/mole injected. 


Detector Temperature-The Varian 600-D detector is externally 
placed and heated with a constant-output heating pad. While the 
detector temperature was reasonably constant, the potential 
problem of variation with oven temperature was considered since 
electron-capture response of a compound could be temperature 
dependent (2). When monitored, by placing a thermistor into the 
tritium detector, it was found to change only from 180 to 195" 
when the oven temperature was raised from 150 to 230". In the 
Varian 1200 instrument, the detector temperature is independently 
controlled and was maintained at 320". 


Synthesis of Derivatives-N-Pentufluorobenzumides-The hydro- 
chloride or sulfate salt of the respective amine (0.5 g.) was dissolved 
in 25 ml. water, and 10% sodium hydroxide solution was added 
until the pH was raised to 10-12; the basic solution was extracted 
with 100 ml. methylene chloride. The organic layer was dried and 
evaporated to provide the amine. Pentafluorobenzoyl chloride 
(0.3-0.4 9.) was added to the amine (0.1-0.2 9.) in 10 ml. of 2.5 N 
NaOH and shaken vigorously for 5 min. The product, generally 
solid, was filtered and recrystallized from 90% ethanol. When the 
reaction product was initially an oil, it was extracted from the basic 
solution with methylene chloride. Upon evaporation of methylene 
chloride, the residue was dissolved in hot 90% ethanol which, on 
cooling, always yielded a crystalline product. 
N-H'eptajluorobutyrumide-Heptafluorobutyric anhydride, 0.5 


ml., was added to  the amine (0.2-0.3 g.) and isolated by the general 
procedure already described; then the mixture was shaken. Usually 
the reaction proceeded vigorously; otherwise, it was heated for 10 
min. on a steam bath. Sufficient 5 %  sodium hydroxide was then 
added to render the solution basic. Most derivatives of primary 
amines yielded a solid product, which was recrystallized from 90% 
ethanol. Amides of secondary amines were liquids and were vacuum 
distilled at  60-90" at  100-200 p Hg. 


N-Pentufluorobenzylidine (Schiff Base)-Pentafluorobenzalde- 
hyde (0.2 ml.) in 1.0 ml. acetonitrile was added to a solution of 
amine (0.1-0.2 8.) in acetonitrile (1 ml.). This mixture was heated 
at  60" for I hr., and the acetonitrile was removed under reduced 
pressure. The reaction product was distilled under reduced pressure. 


~ ~ ~~~ ~ 


1 Obtained from Pierce Chemical Co. 
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Figure 1-Chromatogrum showing comparative electron-capture 
sensitivity of or-methylbenrylamine heptafluorobutyramide (A, 0.6 
ng.), amphetamine heptafl~torobutyramide ( B ,  1.0 ng.), methamphet- 
amine heptufluorobutyramide (C, 1.5 ng.), methoxyphenamine hepta- 
Juorobutyramide (D ,  5 ng.), and a-methylbenzylamine pentafluoro- 
benzamide (E, 0.01 ng.). Column temperature, 164"; detector sen- 
sitivity, I X 16; nitrogen f low,  25 m/./min.: and column packing, 3% 
OV-17. 


N-Pentafluorobenzyl Amphetamine-Pentafluorobenzyl bromide 
was added to amphetamine in benzene. The solution was briefly 
heated on a steam bath and then shaken for 5 min. with 0.5 N NaOH 
(2 ml.). A white precipitate was filtered and recrystallized from 95% 
ethanol. 


Amphetamine N-Heptafluorobutyrylidine-Heptafluorobutyralde- 
hyde ethylhemiacetal was added dropwise to polyphosphoric acid 
preheated to 170-180". The aldehyde so generated was distilled and 
collected in dry benzene. This solution was mixed and refluxed with 
a benzene solution of amphetamine. The azeotrope was trapped in a 
Dean-Stark tube. After completion of the reaction, benzene was 
removed under reduced pressure and the Schiff base was distilled 
at 1 5 0 ~  Hgat 70-75". 


N-Heptafluoropentyl Amphetamine-The above-mentioned Schiff 
base was reduced by aluminum hydride to  the corresponding alkyl 
compound. The fluorinated alkylamine was distilled at 45" and 
200 p Hg. 


Amphetamine N-p-Nitrobenzamide-The procedure for the prepa- 
ration of pentafluorobenzamides was employed, except that p-  
nitrobenzoyl chloride was used. The white solid precipitate so 
formed was recrystallized from ethanol. 


Amphetamine N-2,4-Diiiitrobenzene-2,4-Dinitrofluorobenzene, in 
5 ml. ether, was mixed with 135 mg. of amphetamine in 5 ml. ether. 
A yellow crystalline solid, obtained after 15 min. a t  room tempera- 
ture, was recrystallized from petroleum ether. 


solutions 
in carbon tetrachloride. However, due to solubility limitations, 
only 0.5% solutions were used for ring methoxy compounds. 


IR-Absorption frequencies were measured using 2 


RESULTS AND DISCUSSION 


The elemental analyses and retention times of the pentafluoro- 
benzamide and heptafluorobutyramide derivatives of various amines 
are listed in Table 1. 


GLC Performance-The GLC performance of the derivatives 
was tested on OV-17, and some were also examined on OV-225 
(Table I). All derivatives exhibited excellent GC properties (Figs. 
1 and 2). These phases separated most derivatives; e.g., amphet- 
amine and methamphetamine pentafluorobenzamides gave the same 
retention time on OV-17 but were completely resolved on OV-225 
(Table 1). These phases can be operated at high temperatures with 
very low bleed and produce stable baselines even at high sensitivity 
settings. As little as 5 picograms of amphetamine pentafluoro- 
benzamide could be reproducibly measured. Walle (11) pro- 


posed Carbowax 20M as an alternative stationary phase. The 
retention times of heptafluorobutyramides, at a 30" lower oven 
temperature, were comparable to the corresponding pentafluoro- 
benzamide. With a high molecular weight amine, formation of the 
former derivative may avoid use of the nickel-63 detector which, 
while possessing a higher operating temperature than the tritium 
detector, is less sensitive and has a shorter linear dynamic response 
range. Alternatively, the retention time of a derivative may be suf- 
ficiently reduced, by increasing carrier gas flow or decreasing the 
liquid phase, to enable oven temperatures to be used compatible 
with the tritium detector. 


Structure and Electron-Capture Response-Significance of C=O 
Group-To explain differences in the electron-capture response of 
haloacetates, Landowne and Lipsky (12) proposed that the carbonyl 
carbon is responsible for the initial electron capture. In contrast, 
Clarke ef al. (l), observing that the trifluoroacetamides possess very 
much lower sensitivity than the corresponding heptduorobutyr- 
amides, proposed that electron capture occurred in the perfluoro- 
alkyl chain. To improve understanding of the electron-capture 
mechanism, several derivatives of amphetamine, some lacking an 
amido group, were prepared and examined (Table 11). Reduction of 
the carbonyl group of amphetamine heptafluorobutyramide to the 
corresponding N-heptafluorobutyl derivative resulted in a markedly 
lower response, while formation of the Schiff base, which contains 
the polarizable C=N group, produced little loss of sensitivity. 
Similar trends are seen in the perfluorobenzyl derivatives. Also, 
amphetamine N-p-nitrobenzamide is fourfold more sensitive than 
the 2,4-dinitrophenyl derivative. These observations tend to favor 
the hypothesis that electron capture occurs primarily at the carbonyl 
group rather than the side chain. Moreover, any amide group, in 
which C=O and C=N can be present simultaneously due to the 
resonance forms (Scheme I), provides a good-to-excellent electron- 


- +  
I I 


O=C-N-H H 0--C=N-H 


Scheme I 


capture region (electrophore). However, the final electron-capture 
response of the molecule is determined by secondary stabilizing 
processes after the initial electron capture. 


Heptafluorobutyramides-The electron-capture response of hepta- 
fluorobutyramides differed considerably (Table HI), confirming the 
observation of Walle (11). A comparison of secondary and tertiary 
heptafluorobutyramides formed from primary and secondary 
amines, respectively, indicates that N-methylation enhances the 


A 


W cn 
Z 


v) 
W 
L1: 


I! 
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Figure 2-Chromatogram showing cor?lpamtice elec/ron-cuprure 
sensitivity of pentafluorober~zamides of a-methylbenzylumine (A, 
166 picograms), methamphetamine (B,  5 ng.), mephentermii~e (C, 5 
ng.), methoxyphenamine (D, 5 ng.), phenmetrazine (E, 5 ng.), and p- 
methoxyphenethylamine (F, 5 fig.). Column temperature, 200'; 
detector sensitivity, I X 16; nitrogen flow rule, 25 ml./min.; and 
column packing, 3 % 0 V-17. 
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Table n-Electron-Capture Sensitivity and Retention Times of Various Amphetamine Derivatives 


Response, 
Coulombs Retention Column 


Compound Structure' X 10a/mole Timeb, min. Temperature 


N-PentaBuorobenzamide 
F P  


43 2.32 160" N-Pentafluorobenzylidine 


N-p-Nitrobenzamide 


N-Pentafluorobenzylamine 


N-2,4-Dinitroaniline 


N-Heptafluorc 


225 6.4 200" 


11 


3.7 


2.8 


30.0 


3.76 


16 


205 


160" 


200" 


utyramide FaC--CFzXFz- P -NHR 2.2 1.62 164" 
H 
I 


N-Heptafluorobut yr ylidine FaC-CFz-CF1&N-R 
N-Heptafluorobut ylamine FjC-CFz-CFz--CHz-NH-R 


2.1 0.6 116" 
0.41 0.75 116" 


0 R = CsHsCHzCH(CH3). * Chromatographed on OV-17. 


response-uiz., methamphetamine > amphetamine and mephen- 
termine > phentermine (Table 111). Similar increases after N-alkyla- 
tion were noted by Bruce and Maynard (3) and Walle (11). These 
findings agree with the proposal since tertiary amides, which possess 
a higher contribution from resonating forms than secondary amides 
(13, 14), can provide a better area for electron attachment (cf., 
forms 3 and 4 of Scheme 11). Furthermore, it is expected that any 
steric crowding around the amide group will, through reduced 
0-C-N coplanarity, decrease resonance and thereby diminish 
response. The increasing response with decreasing carbonyl fre- 


Table III-Electron-Capture Response of Various Heptafluorobutyramides 


quency, reflecting greater resonance of the amide group, supports 
this hypothesis (Table 111). 


Introduction of either an ortho- or para-methoxy group into the 
aromatic ring decreases electron-capture response-uiz.,. metham- 
phetamine > methoxyphenamine and 8-phenethylamme > p 
methoxyphenethylamine. Similar effects were observed by Walle 
(1 1). Evidently ortho- and para-methoxy substitution produces 
negatively charged centers in the molecule uiu resonance, which de- 
creases the capacity of the derivative to  capture electrons. However, 
3,4,5-trimethoxy-8-phenethylamine (mescaline) shows a response 


Response, 
Coulombs 


Amine X lOa/mole YC-0, cm.-1 Comments 


8-Phenet hylamine 


Amphetamine 


a-methylbemy lamine 


p-Methoxyphenet hylamine 
Mescaline 
Phentermine 


Phenmetrazine 


Mephentermine 


Methamphetamine 


Met hoxyphenamine 


2.0 


2.2 


2.5 


1.9 
3 .7  
1.1 


8 .8  


2.2 


4.0 


1.6 


1755 


1748 


1740 


1750 
1748 
1750 


1650 


1700 


1690 


1695 


Lower contribution from form 4 (Scheme 11); reduced steric crowding 
around amide nitrogen allows greater rotation around C-N amide 
bond 


Increased contribution from form 4 (Scheme 11); increased steric 
crowding around amide nitrogen reduces rotation around C-N 
amide bond 


Highest contribution from form 4 (Scheme 11) favored by rigid crowd- 
ing around amide nitrogen 


See ResuIts and Discussion 
See Results and Discussion 
Lower contribution from form 4 (Scheme 11); high energy required to  


form (C=N) planar structure 
Higher contribution from form 3 (Scheme 11) ; N-alkylation combined 


with formation of ring structure around amide bond 
Lower contribution from form 3 (Scheme 11) due to steric Interaction 


between N-methyl and a-methyl groups 
Substantial contribution from form 3 (Scheme 11) due to electron- 


donating effect of N-methyl group, although somewhat reduced by 
steric crowding around amide bond 


See Results and Discussion 
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Table IV-Electron-Capture Response of Various Pentafluorobenzamides 


Response, 
Coulombs 


Amine x 10S/mole YLO, cm.-I Comments 


8-Phenet h ylamine 


Amphetamine 


a-Met hylbenzylamine 


pMethoxypheneth ylamine 
Mescaline 
Phentermine 


Phenmetrazine 


Mephentermine 


Methamphetamine 


Met hoxyphenamine 


300.0 


225.0 


180.0 


135.0 
155.0 
29.0 


28.0 


9.2 


6.1 


3.2 


1710 


1700 


1700 


1705 
1750 
1 700 


1680 


1690 


1680 


1675 


Increasing contribution from form 1 (Scheme 11); coplanarity between 
C==O and pentafluorobenzene ring decreases amide resonance 


Decreasing contribution from form 1 (Scheme JI); a-substitution 
sferically hinders coplanarity between C=O and pentafluorobenzene 
ring 


Further decrease in contribution from form 1 (Scheme 11); further 
steric hindrance aids amide resonance 


See Results and Discussion 
See Results and Discussion 
Steric crowding prohibits attainment of planar structures, form 1 or 2 


(Scheme 11); probability of electron capture and secondary stabil- 
ization is reduced 


Higher contribution from form 2 (Scheme 11), but N-alkykdtion com- 
bined with the formation of ring structure around amide bond 
reduces secondary stabilization 


Even greater contribution from form 2 (Scheme 11) due to steric 
interactions between N-methyl and a-methyl groups 


Form 2 (Scheme 11) favored; similar effect as in mephentermine but 
with higher amide resonance (less steric crowding) 


See Results and Discussion 


higher than 8-phenethylamine. In mescaline, the close proximity 
of the three methoxy groups prevents the para-methoxy group from 
becoming coplanar with the aromatic ring, thereby diminishing elec- 
tron donation into the aromatic ring via resonance. In addition, 
the inductive effect of the two rneta-methoxy groups may allow the 
aromatic ring to act as another site for electron capture. An ad- 
ditional site for electron capture can also explain the high electron- 
capture response of fenfluramine heptafluorobutyramide observed 
by Bruce and Maynard (3). 


According to the foregoing explanations, removal of the nitrogen 
atom of the amide group out of the plane of the carbonyl group 
decreases resonance and electron-capture response. However, the 
very low electron-capture sensitivity of trifluoroacetamide and the 
very high electron-capture response of the trifluoroacetates require 
additional explanation. Bellamy and Williams (15) reported that 
in the a-halogenated amides, the most stable steric arrangement of 
the amide group in the gaseous state is determined by the electro- 
static repulsion between the halogen and the carbonyl oxygen. In 
trifluoroacetamides, this electrostatic repulsion cannot be reduced 
in any of the gauche forms. Consequently, the amide group will 


i /R 
t N \ ,  I 


I 


2 
Scheme 11- Diagram summarizing the influence of resonance on 
electron-capture response. A heavier double-headed arrow indicates 
greater resonance betweeti resonating forms. It is assumed that the 
carbonyl carbon acts as the initial site of electron acceptance and 
that subsequent stabilization determines the final electron-capture 
response. Generally, electron-capture sensitivity increases from 


1 > 2 > 3 > 4. See text and tables for further explanation. 


not resonate, resulting in an associated diminished electron-captur 
activity. Furthermore, if an electron did enter into the C=O group. 
the resultant charged form would be very unstable due to the elec- 
trostatic repulsion. The situation with trifluoroacetamides no longer 
prevails in the pentafluoropropionamides or the heptafluorobutyr- 
amides where the carbonyl carbon can exist gauche to the two a- 
halogens and cis to the relatively positive carbon (14), thus allowing 
resonance to  occur which leads to the increased electron-capture 
activity. The very high response of the trifluoroacetates could 
readily result from the formation of a trifluoroacetate ion which pro- 
motes the secondary stabilization process. 


PentafluorobenzamidesIf electron capture occurs a t  the car- 
bonyl carbon of a resonating amide group, then replacement of the 
nonresonating heptafluorobutyl side chain by a very highly elec- 
tron-withdrawing resonating moiety, such as the pentafluorophenyl 
group, should enhance the electron-capture response. Generally, 
the results confirmed the predictions. 


Pentafluorobenzamides always exhibited greater electron-capture 
sensitivity than the corresponding heptafluorobutyramide (Tables 
111 and IV) when derived from primary amines. This increase was 
6&20@fold (Table IV). While the initial electron attachment at the 
carbonyl group remains the same in the two derivatives, the highly 
electronegative pentafluorophenyl ring can resonate with the car- 
bonyl group to provide a coplanar, highly electron-delocalized sys- 
tem, which acts as an excellent electrophore (form 1, Scheme 11). 
Also, once accepted, an electron can be stabilized in the pentafluoro- 
benzene ring or by the molecule as a whole in the excited state 
through a nondissociative electron-capture process (16, 17). Such 
a stabilization is far less possible in the heptafluorobutyl group. 
This line of argument for stabilization is supported by the data of 
Pettitt et al. (2); i.e., aniline derivatives follow a nondissociative 
electron-capture mechanism, whereas the corresponding cyclo- 
hexylamine derivatives follow a dissociative mechanism. However, 


Table V-Comparative Electron-Capture Response (Coulomb X 
103/mole) of Heptafluorobutyryl Derivatives Using 
Tritium and Nickel-63 Detector 


Tritium/ 
Amine Tritium Nickel-63 Nickel-63 - 


P-Phenethylamine 2.0 0.17 11.76 
Amphetamine 2 .2  0.10 22.0 
p-Methoxyphenethylamine I .  9 0.10 19.0 
Mescaline 3.7 0.26 14.23 
Phentermine 1.1 0.07 15.71 
Phenmetrazine 8 . 8  0.40 22.0 
Mephentermine 2.2 0.10 22.0 
Methamphetamine 4 . 0  0.14 28.57 
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Table VI-Comparative Electron-Capture Response (Coulomb X 
IOa/mole) of Various Pentafluorobenzamides Using 
Tritium and Nickel-63 Detector 


Tritium/ 
Amine Tritium Nickel-63 Nickel-63 


~ 


P-Phenet hylamine 300 24 12.5 
Amphetamine 225 16 14.06 
a-Meth ylbenzylamine 180 26 6.92 
Mescaline 155 8 . 5  18.23 
Mephentermine 9.2 0 . 7  13.14 
Methamphetamine 6 . 1  0.34 17.94 
Methoxyphenamine 3.2 0.21 15.24 
Amphetamine Schiff 42.6 5.3 7.93 


base 
~ ~~ 


the almost 30-fold lower sensitivity of N-pentafluorobenzyl am- 
phetamine compared to either amphetamine pentafluorobenzamide 
or N-pentafluorobenzylidine (Table 11) still emphasizes the need for 
a polarizable carbon (e.g., C=O or C=N) for high electron-capture 
sensitivity. 


As anticipated, pentafluorobenzamides of primary amines exhib- 
ited greater sensitivity than those of secondary amines; e.g., 
amphetamine pentafluorobenzamide was 30 times more sensitive 
than methamphetamine pentafluorobenzamide (Table IV). Due 
to steric hindrance, coplanarity and hence resonance between the 
pentafluorophenyl ring and carbonyl group are lower in tertiary 
amides (derived from secondary amines) than in secondary amides 
(derived from primary amines) (form 2, Scheme 11). This is sup- 
ported by the carbonyl frequency data where a decreasing response 
is reflected by a decreasing frequency and contribution from the 
more electron-capture active form 1. The predominance of form 2 
(Scheme 11) with tertiary amides is anticipated because the +R and 
--I effects are acting against each other. Even so, the stronger in- 
ductive effect of the pentafluorophenyl ring still renders the carbonyl 
carbon sufficiently positive to act as a better electron-capturing 
region in the resonating tertiary amide group (form 2) than the cor- 
responding heptafluorobutyramide (form 3). 


As mentioned with heptafluorobutyramides, electron acceptance 
is suppressed by electron-donating substituents in the aromatic 
ring of the amine. A comparison of methamphetamine with me- 
thoxyphenamine pentafluorobenzamide and p-methoxyphenethyl- 
amine with 0-phenethylamine pentafluorobenzamide (Table IV) sug- 
gests a similar mechanism. The higher sensitivity of 3,4,5-trime- 
thoxyphenethylamine (mescaline) over p-methoxyphenethylamine 
pentafluorobenzamide probably results from a lower overall electron 
density in the molecule which increases its electron-capturing ca- 
pacity, a factor that essentially governs the final response in a non- 
dissociative electron-capture mechanism. 


Tritium versus Nickel-63 Detector-High molecular weight deriv- 
atives require higher column temperatures; if above 220°, the 
tritium detector cannot be used and the nickel-63 detector, stable 
to 400", is employed. However, the latter detector is generally con- 
sidered less sensitive and possesses a shorter linear dynamic range. 
To examine this avenue, the electron-capture sensitivity of repre- 
sentative compounds was also measured using a nickel-63 detector. 
With all derivatives tested, the tritium detector was 10-20-fold 
more sensitive than the nickel-63 detector (Tables V and VI). Dif- 
ferences were also noted by Wilkinson (8). However, although the 
magnitude varies, the relative order of the sensitivity remains the 
same in both detectors. Evidently, steric and chemical factors af- 
fecting the electron-capture sensitivity in the tritium detector are 
operative to the same extent in the nickel-63 detector. 


CONCLUSION 


The sensitive and selective analysis of amines can be greatly 
enhanced by formation of an appropriately halogenated derivative. 
Formation of an amide or Schiff base, i.e., presence of a C=O or 
C=N group, to which is attached a highly electronegative group 


capable of undergoing the electron-capture mechanisms proposed is 
desirable. Pentafluorobenzoyl chloride appears to  be a suitable 
reagent for primary and some secondary amines. The reaction is 
facile, and the resultant pentafluorobenzamide is generally solid, 
easy to  purify and characterize, and often sufficiently volatile to 
enable use of the tritium detector. Removal of excess reagent is 
readily accomplished with dilute base. When determining a secon- 
dary amine in the presence of an interfering primary amine. it 
might be preferable to prepare the heptafluorobutyramide. Other 
reagents (e.g., pentafluorobenzaldehyde and trichloroacetyl chlo- 
ride) can be used, but ease of formation, stability of product, and 
facility of removal of excess reagent must always be kept in mind. 
Furthermore, in the rational selection of a reagent, the entire struc- 
ture of the derivative must be considered since the reagent only 
confers the electron-capture property while the final steric and 
electronic relationships determine the overall electron-capture 
sensitivity. 
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Structure and Activity of Schistosomicidal 
Agents of the Pyrimidine Type 


I. NABIH’ and H. ZOOROB 


~~ ~ 


Abstract 0 To profit from the concept of metabolite antagonism in 
the area of schistosomiasis chemotherapy, new compounds con- 
taining combinations of both substituted pyrimidine (closely re- 
lated to  the pyrimidine moiety present in thiamine) and 5-nitrothi- 
azole or 24midazolidinethione moieties were synthesized. 


Keyphrases 0 Schistosomicidal agents, potential-synthesis and 
biological activity of pyrimidine moiety with 5-nitrothiazole or 
2-imidazolidinethione 0 Pyrimidines, substituted-synthesized as 
potential schistosomicidal agents, biological activity 


In a previous report (1) the schistosomicidal activity 
of a new compound, 2-N-(2’-methyl-4’-amino-5’-py- 
rimidoyl)amino-5-nitrothiazole (I), was described. The 
rational approach for the introduction of this com- 
pound was based upon its close relation to  thiamine 
in an attempt to profit from the concept of metabolic 
antagonism or antimetabolites in  the area of schistoso- 
miasis chemotherapy. In  another communication l, 


the effect of the potent schistosomicidal agent, 1-(5- 
nitro-2-thiazoly1)-2-imidazolidinone2 (11) (2) ,  on pyr- 
uvate metabolism was reported. 


The purpose of this work was to  introduce new com- 
pounds, including structural combinations between 
differently substituted pyrimidines (closely related to  
that included i n  thiamine) and 5-nitrothiazole or 2- 
imidazolidinethione moieties. The latter is the thione 
analog of imidazolidinone, structurally represented as 
the schistosomicidal agent 11. The combination between 
these systems was suggested to be through an amide 
linkage because this may be biologically hydrolyzed to  
free both parts. Thus, the molecule may act as a whole 
or as separate components in the presence of one 
another. Also, attachment was thought to  be through 
direct binding between both systems, similar to that 
represented in I1 between 5-nitrothiazole and 2-imid- 
azolidinone. 


The desired pyrimidine moiety, 2-methyl-4-hydroxy- 
5-carbethoxypyrimidine (111) ( 3 ) ,  was prepared through 
condensation of acetamidine hydrochloride and ethyl 
ethoxymethylenemalonate (4). Condensation of I11 
with 2-amino-5-nitrothiazole gave 2-N-(2’-methyl-4’- 


R. 


lv VIIU: R = -CH3 
VIIb: R = -SCH:, 


1 I .  Nabih, M. El-Hawarry, and H.  Zoorob, to  be published. 
2 Coded as Niridazole. 


hydroxy - 5’ - pyrimidoy1)amino - 5 - nitrothiazole (IV). 
Furthermore, 2-methyl-4-amino-6-hydroxypyrimidine 
(V) ( 5 )  was obtained through condensation of acetami- 
dine hydrochloride and ethyl cyanoacetate. Treatment 
of V with phosphorus oxychloride gave the 6-chloro 
derivative (VI) (6). Condensation of VI with 2-imid- 
azolidinethione in an acidic medium gave l-N-(2’- 
methyl-4’-amino - 6‘- pyrimidy1)- 2 - imidazolidinethione 
(VII) in a fairly good yield. 


Another substituted pyrimidine moiety of interest 
was 2- methylmercapto -4- amino-6-chloropyrimidine 
(VIII) (7). This was obtained through the action of 
phosphorus oxychloride upon the 6-hydroxy analog 
(IX) (8). Reaction of VIII with 2-imidazolidinethione 
gave 1-N-(2’-methylmercapto-4’-amino-6’-pyrimidyl)- 
2-imidazolidinethione (VIIb). 


Replacement of the 2-niethylmercapto group from 
the pyrimidine system with different amines could be 
easily effected if the nitroso group was present at the 
5-position (9). For this, 2-methylmercapto-4-amino-5- 
nitroso-6-hydroxypyrimidine (X) (8) was prepared. The 
2-methylmercapto group in X was replaced with 2- 
aminothiazole to  give 2-N-(4’-amino-5’-nitroso-6’-hy- 
droxy-2’-pyrimidyl)aminothiazole (XIa). Similarly, 3- 
(4’-amino-5 ’-nitroso-6’-hydroxy-2 ’ - pyrimidyl) - 2 - imid- 
azolidinethione (XIb) was prepared through the reaction 
of X with 2-imidazolidinethione. Tentative structural 
assignments to Compounds VIIa, VIIb, and XIb ,  as 
drawn from analytical data and 1R analyses, suggest the 
N-aryl formation within these products. 


Furthermore, 2-(P- diethylaminoethylamino) - 4,6 - di- 
amino-5-nitrosopyrimidine (XIc) was prepared through 
the reaction of P-diethylaminoethylamine with 2- 
methylmercapto-4,6-diamino-5-nitrosopyrimidine (XU) 
(10). The diamino side chain was reported to be 
necessary for the carcinostatic and schistosomicidal 
activities in agents of the thioxanthone type (1 1). 


EXPERIMENTAL 


2-N-(2 ’-Methyl-4’-hydroxy-5 ’-pyrirnidoyl)amino-5-nitrothiazole 
(1V)-A mixture of I11 (1.82 g.,  0.01 mole) and 2-amino-5-nitrothi- 
azole (1.45 g., 0.01 mole) in 20 ml. of absolute ethanol was refluxed 
for 6-8 hr. The mixture was cooled, and yellowish needles of IV 
precipitated. These were filtered off and recrystallized from metha- 
nol as long dark-yellow needles; yield 1.95 g. (70%); m.p. 202”; IR:  
3120 (-OH, chelated), 1720 (=C=O), and 1380 cm.-l (thiazole 
-NOz group). 


Aml.-Calc. for C,H7Ni04S: C ,  38.44; H, 2.40; N, 24.91; S, 
11.38.Found:C,38.65;H,2.63;N,24.99;S, 11.02. 


3 All melting points were taken in open glass capillaries using a 
Gallenkamp melting-point apparatus and are uncorrected. I R  spectra 
were determined on a Carl Zeiss Jena model UR 10 infracord spectro- 
photometer using mineral oil. Microanalyses were performed by the 
Microanalytical Laboratory, National Research Centre, Cairo, and 
Spang Microanalytical Laboratory, Ann Arbor, Mich. 
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with cold water, and recrystallized from water to give XIc; yield 
0.92g. (60%); m.p. 165"; IR: 3200(-NH)and 1650cm.-1(-NO). 


Anal.-Calc. for ClaH19N70: C,47.43; H, 7.51; N, 38.74. Found: 
C,47.56; H;  7.62; N, 38.78. 


N- 
XIa:R,= jllJ , RL=-OH 


-NH 


s 
XIC: R, = -HN-CH,-CH,-N(CrHa)2, R, = -NH? 


1 - N- (2' - Methyl-4' -amino-6' - pyrimidyl)-2-imidazolidinethione 
(V1Ia)-A mixture of VI (6) (1.4 g., 0.01 mole) and 2-imidazolidine- 
thione (1 g., 0.01 mole) in 7 ml. of water and 0.8 ml. of hydrochloric 
acid (37z)  was heated to boiling on a hot plate for 3 hr. Upon 
cooling, a crystalline precipitate formed; upon basification with 5 % 
ammonium hydroxide solution, the precipitate turned to a white 
crystalline mass. This was filtered off and recrystallized from metha- 
nol to give a white fibrous material of VIIa; yield 1.5 g. (7573; m.p. 
214"; IR: 3390(-NH)and 1170cm.-1(=eS). 


And-Calc. for C8Hl,N5S: C, 45.93; H, 5.26; N, 33.49. Found: 
C,45.97;H,5.36;N,33.80. 


1-N-(2 '-Methylmercapto-4'-amino-6 '-pyrimidyl)-2-imidazolidine- 
thione (VI1b)-A mixture of VIII (7) (0.7 g., 0.004 mole) and 2-imid- 
azolidinethione (0.4 g., 0.004 mole) in glacial acetic acid ( 5  ml.) and 
concentrated hydrochloric acid (1 drop) was heated on a steam bath 
for 1.5 hr. The mixture was refrigerated, made basic with 5 %  
ammonium hydroxide solution, and kept in a deep freeze overnight. 
The formed precipitate was filtered off and recrystallized from meth- 
anol to give white crystals of VIIb; yield 0.65 g. (68%); m.p. 224"; 
IR: 3310(-NH)and 1170cm.-1(=(S=S). 


Anal.-Calc. for CSHILN&: C, 39.83; H, 4.56; N, 29.04; S, 26.55. 
Found: C, 39.57; H, 4.90; N, 29.28; S, 26.30. 
2-N-(4'-Aminobr-nitroso-6'-hydroxy - 2'- pyrimidyl) -2 -amhothi- 


mole (Ma)-A mixture of X (8) (1.86 g., 0.01 mole) and 2-aminothi- 
azole (1 g., 0.01 mole) in 35 ml. of water was refluxed until the odor 
of methylmercaptan could not be detected (about 24-30 hr.). The 
content of the flask was then filtered off while hot. The filtrate was 
acidified just to pH 5 with glacial acetic acid and then was cooled. 
The formed precipitate was isolated. Recrystallization from water 
gave a light-brown precipitate of XIa; yield 1.3 g. (55%); m.p. 
> 300" ; IR: 3620 (-OH, free), 3320 (-NH), and 1620 cm.-I (the 
pyrimidine nitroso group). 


Anal.-Calc. for C,H6N602S: C, 35.92; H, 2.52; N, 35.29; S 
13.44,Found:C,34.88;H,3.01;N,34.98;S, 13.02. 


344 '-Amino-S '-nitroso4 '-hydroxy-2 '-pyrimidyl)-2-imidazolidine- 
thione ( X I b t A  mixture of X (8) (1.86 g., 0.01 mole) and 2-imid- 
azolidinethione (1.02 g., 0.01 mole) in 30 ml. of water was refluxed 
until no odor of methylmercaptan could be detected (about 24-36 
hr.). Then the procedure was continued as described for Compound 
XIa togive XIb. Recrystallization from water yielded 1.12 g. (50%); 
m.p. >300"; 1R: 3610 (-OH), 3300 (-NH), 1170 (=bS), and 
1650 cm.-' (-NOj. 


Anal.-Calc. for C7H8N60S.H20: C, 32.56; H, 3.87; N, 32.55. 
Found: C, 32.48; H, 3.84; N, 32.49. 
2-(8-Diethylaminoethylamino)-4,6-diamino-S-nitrosopyrimidine 


(X1c)-A mixture of XI1 (10) (1 g., 0.006 mole) and b-diethylamino- 
ethylamine (2.6 ml., 0.02 mole) in 20 ml. of water was refluxed for 
20 min. The content in the flask was then cooled until a red crystal- 
line precipitate formed. This precipitate was filtered off, washed 


BIOLOGICAL TESTING 


Compounds IV, XIb, and XIc, in  water solutions, were submitted 
to biological screening. Groups of mice (six each), with an average 
weight of 29-31 g., were infected with Schistosoma mansoni. All 
mice were showing viable ova in their stools. 


Group A was kept as the control group. Group B received oral 
doses of 75 mg. Compound XIc/kg. body weight. Oral administra- 
tion4 of the compound continued for 10 consecutive days. Two other 
groups (C and D) were similarly given Compounds IV and XIb, 
respectively, at the same dosage levels as Group B for the same 
period. After 1 week from the end of treatment, ova excretion in 
each group was examined once weekly for 6 weeks. Only Group B 
showed a gradual decrease in the rate, and final cessation, of ova 
excretion. Examinations continued for 4 weeks. No ova could be 
detected in the mice stools of Group B. In Groups C and D, given 
Compounds IV and XIb, respectively, no remarkable decrease in 
the rate of ova excretion was observed as compared with the control 
group (A). 


These biological findings showed that Compound XIc demon- 
strated schistosomicidal activity in mice, while Compounds IV and 
XIb failed to exhibit such activity. For the purpose of screening, 
Compounds IV, XIb, and XIc were selected as representatives of 
structural combinations between the pyrimidine moiety and other 
systems. 
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S Y M P O S I U M  


Role of Drug Metabolism in Drug Research and Development 


SIDNEY S. WALKENSTEIN, chairman 


Recent years have witnessed within the pharma- 
ceutical industry a remarkable burgeoning of the 
activities clustered under the heading “Drug Metabo- 
lism.” Increasingly, we are asked to provide answers to 
such questions as: What structural modifications lead to  
increased absorption, prolonged half-life, and reduced 
toxicity? Does the drug cross the placental barrier and 
pose a teratogenic risk? What is the optimum dosing 
regimen to achieve and maintain therapeutic levels? 
What animal species will best predict human toxicity? 


Through involvement in almost every phase of drug 
research and development, seemingly visionary ex- 
pectations have been aroused of what can be achieved 


/ pi-\ metabolism \ 
I , -  I pharmacology I I pharmaceutical 1 chemistry 


J 


Scheme I- Drug research and deuelopment sequence 


by metabolic studies. Can drug metabolism meet these 
expectations? What is the relevance of metabolic 
studies-and relevance implies timing-to the various 
phases of drug research and development? These issues 
were the stimulus for this Symposium. 


The goals were, first, to clarify, define, and describe 
drug metabolism, and, second, to intercalate its diverse 
activities within that complex progression of events 
simplified in Scheme I-the logic of drug research and 
development. The Symposium papers’ follow the 
“critical path” represented by the arrows presenting 
those metabolic studies most appropriate to each stage 
of preclinical and clinical drug testing. 


The diversity of the drugs dealt with by the authors 
emphasizes an important point: each drug must pre- 
scribe its own treatment. Without this kind of flexi- 
bility, the system loses relevance, and that is the import 
of this Symposium. 
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DRUG S T A N D A R D S  


GLC Assay of Meprobamate and Related Carbarnates 


MICHAEL P. RABINOWITZ, PHILIP REISBERG, and JEROME I. BODIN' 


Abstract 0 A specific and rapid GLC method was developed for 
the determination of meprobamate in bulk powder form and in 
tablets. The method utilizes a simple extraction procedure followed 
by chromatography on a 3.8% OV-17 column, with the injection 
port and column oven a t  the same temperature. The use of tyba- 
mate as the internal standard permits the analysis of the related 
propanediol dicarbamates. carisoprodol and mebutamate, with no 
modifications necessary. 


Keyphrases a Meprobamate--GLC analysis in powder and tablets 
0 Tybamate-internal standard for GLC analysis of meproba- 
mate, carisoprodol, and mebutamate 0 GLC-analysis, mepro- 
bamate, carisoprodol, and mebutamate 


Meprobamate (2-methyl-2-propyl- 1,3-propanediol di- 
carbamate) is the most well-known member of a family 
of propanediol dicarbamates possessing tranquilizing 
and skeletal muscle relaxant properties. Some others 
are tybamate [2-(hydroxymethyl)-2-methylpentyl butyl- 
carbamate carbamate], carisoprodol (N-isopropyl-2- 
methyl-2-propyl-1,3-propanediol dicarbamate), and 
mebutamate (2-sec-butyl-2-methyl- I ,3-propanediol di- 
carbamate). Methods for the quantitative analysis of 
these compounds are based on the chemistry of the 
carbamate moiety. They include aqueous acid hydrolysis 
followed by volumetric determination of the liberated 
ammonia (1) and nonaqueous alkaline solvolysis with 
the formation of inorganic cyanate (2, 3).  Methods 
based on the acid-catalyzed condensation with an 
aldehyde (4, 5 )  and the ability of hypochlorite to N -  
chlorinate unsubstituted carbamate nitrogen ( 6 )  have 
been reported. Spectral methods based on IR, near IR ,  
and NMR absorption also have been reported (7-9). 


Several G C  methods have been proposed. Those re- 
ported are specific for a particular carbamate and are 
generally adequate for biochemical analysis such as the 
determination of blood levels (10). However, they are 
less satisfactory for the quantitative, rolitine analysis 
of tablet dosage forms and bulk powders because of 
decomposition in the GC system (1 1-14). Poor resolu- 
tion or efficiency (15) or the need for derivative forma- 
tion for successful quantitative analysis also has been 
cited (16). 


This paper describes the rapid quantitative GLC 
determination of meprobamate under conditions giving 
no evidence of degradation. A low boiling solvent, 
with the column oven and injection port at the same 
temperature, on-column injection into an all-glass 
system, and the proper internal standard are all essen- 
tial to the determination. Data demonstrating linearity 


Table I-Meprobamate: Tablet and Bulk Powder Analysis 


Run Bulk Powder, 
Number Tablets, mg. Foun& % Found 


1 
2 
3 
4 
5 
Mean 
0 


388.9 
386 0 
388 2 
386.0 
388.7 
387.6 (389.6)O 
f l . 4  


99.45 
99 91 
99.26 
98.91 
99.85 
99.48 


+ O .  42 
~~ ~ ~~ ~~ ~ ~ ~ 


a Label claim, 400 nig./tablet. * Analysis of meprobamate, by inde- 
pendent method (17). Grand average of 20 determinations on individual 
tablets. 


of response with changes in concentration, reproduci- 
bility, and completeness of recovery are presented. 


EXPERIMENTAL 


Operational Parameters-A gas chromatograph' with hydrogen 
flame-ionization detectors was used. The column was glass, with a 
U-type configuration, 76 cm. long by 3 mm. i.d., packed with 3 .82  
methyl phenyl silicone fluid on a silanized diatomaceous earth 
support, 80-100 mesh. The column was conditioned by heating 
at  250", for 1 hr. with carrier gas flow. After cooling to room 
temperature, the carrier gas flow was stopped and the column was 
heated at  330" for 4 hr. After cooling again to room temperature, 
the column was conditioned for 18 hr. at  250" with carrier gas flow. 
The operating parameters were: column temperature, 170"; de- 
tector temperature, 260"; injection port temperature, 170"; and 
carrier gas, nitrogen at  45 ml./min. Hydrogen and air flows were 
adjusted to obtain maximum efficiency as recommended by the 
manufacturer; the range selector was set at 10 and attenuation was 
adjusted to obtain at  least a 50% recorder scale response for all 
peaksz. 


Reagents and Chemicals-Liquid phase methyl phenyl silicone 
fluid (OV-17) and silanized diatomaceous earth support (Gas 
Chrom Q) were used as supplied3. Meprobamate reference standard 
and tybamate reference standard were the USP and N F  standards, 
respectively. All solvents were of G C  grade. 


Standard Preparation-Meprobamate Starrdard Solution-USP 
meprobamate reference standard was accurately weighed and di- 
luted with methylene chloride to a concentration of 1.0 mg./ml. 


Tybamate Irzrernal Standard Sulutiorz-NF tybamate reference 
standard was prepared to  contain 2.0 mg./ml. in methylene chloride. 


Working Standurd Sulrtriun-A 2.0-ml. aliquot of the meproba- 
mate standard solution was evaporated to  dryness in a suitable 
glass vial and reconstituted with a l.@ml. aliquot of the tybamate 
internal standard solution. A 0.8-1.2-pl. sample was injected into 
the chromatograph and allowed to elute for about 12 min. Under 
the stated operational conditions, the relative retention time of 


~~ ~ 


1 Hewlett-Packard model 402. 
2 All peak areas were measured with a Disc integrator. 
a Applied Science Laboratories, State College. Pa. 
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Figure 1--Standard chromatogram showing relative reteniiori times 
of meprobamate and the internal standard tybamate. Ke):  A ,  sol- 
vent; B, meprobamare; and C, rybamate. 


meprobamate was 0.38 relative to the internal standard. A typical 
standard chromatogram is shown in Fig. 1. 


Sample Preparation--The preparation of a bulk powdi:r sample 
for analysis was carried out in a manner identical to the przparation 
of the meprobamate and working standard solutions. Tablet dos- 
age forms were ground to a fine, uniform powder; an accurately 
weighed sample, containing about 40 mg. of meprobamate, was 
transferred to a 50-ml. glass vial and methanol (20.0 ml.) was 
added. The vial was capped securely and shaken vigorously for 30 
min. After centrifugation at  moderate speed, a 1.0-ml. aliquot of 
the clear supernatant fluid was transferred to  a suitable vial and 
evaporated to  dryness, and the residue was dissolved in '1.0 ml. of 
the tybamate internal standard solution. A 0.8-1.2-pl. injection was 
made and allowed to elute for about 12 min. 


RESULTS AND DISCUSSION 


Tybamate was selected as the internal standard because of its 
excellent separation from trace contaminants of meprobamate, its 
functional group similarity to meprobamate and related dicarba- 
mates, and its stability under the analytical conditions. In addition 
to its use for the analysis of meprobamate, it may be used as the 
internal standard for the analysis of carisoprodol (relative retention 


Table II-Meprobamate Recovery Study 


Amount Experimentally Recovery, 
Present, mg. Found, mg. % 


40.6 
39.6 
40.4 
40.7 
41.4 
Mean 


41.2 
39.4 
40.5 
41.3 
41.8 


101.5 
99.5 
100.2 
101.5 
101 .o 
100.7 


time to  tybamate is 0.44) or mebutamate (relative retention time to  
tybamate is 0.60) using the operating conditions and parameters 
already described. 


Standard solutions of meprobamate, ranging from 25 to 125x 
of the concentration levels t o  be expected in a typical analysis, 
were chromatographed; a plot of the ratio of areas cersus concen- 
tration (Fig. 2) shows that the chromatographic response is linear 
over the entire range. 


Replicate determinations of a commercial tablet containing a 
labeled amount of 400 mg. meprobamate and a production batch 
of bulk powder (Table I) were made. The standard deviations 
calculated indicate excellent precision for the analytical procedure. 


A recovery study of the procedure was made by directly adding 
known quantities of meprobamate to a standard placebo tablet 
formulation and dry mixing before extraction. The results are 
shown in Table 11. The standard chromatogram (Fig. 1) indicates 
that there is little, i f  any, degradation of meprobamate or tybamate 
as it passes through the chromatographic system. This is due, in 
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Figure 2-Litlearity of response (ratio of areas) with coticentration. 
The colrrmn is 3.8% OV-17 on Gas Clironi Q. length 76 cm., tempera- 
lure 170". Concetttration is in milligrams per milliliter, with the in- 
ternal standard as a constant. 
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part, t o  the temperature of the injection port (ambient, relative to 
the oven temperature). As the injection port temperature was in- 
creased 20” or more over the oven temperature, the appearance of 
a peak on the trailing edge of the solvent front became pronounced. 
This peak was identified as 2-methyl-2-propyl-3-hydroxypropyl 
carbarnate, a trace impurity in meprobamate and occasionally de- 
tected by TLC or G C  methods. Holch and Gjaldbaek (11) con- 
firmed that it also arises as a detectable degradation compound 
when the injection port is greater than 210”. Another commonly 
encountered compound is 2-methyl-2-propyl-l,3-propanediol. The 
“diol” is usually lost in the solvent peak and does not interfere in 
the analysis. Other known trace contaminants of meprobamate 
were tested and showed retention times that were either greater or 
lesser than meprobamate, thereby assuring no interference in the 
analytical procedure for the determination of meprobamate. 


SUMMARY 


A specific and rapid GLC method has been developed for the 
determination of meprobamate in bulk powder form and in tablets. 
The method for tablets utilizes a simple extraction procedure and 
subsequent combination with an  internal standard. The use of 
tybamate as the internal standard permits the analysis of the related 
propanediol dicarbamates, carisoprodol and mebutamate, with 
no modifications necessary. Degradation of meprobamate in the 
GLC system is not apparent. Conditions are outlined for the opera- 
tional parameters and extraction procedure. 
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Determination of Isomeric Composition of 
Amphetamine Mixtures from Melting Points of 
Monohydrogen Succinate Salts 


GERTRUDE J. LOWELL 


Abstract A rapid and simple method for the identification of 
particular amphetamines and the determination of their isomeric 
composition is presented. The method involves the preparation of 
the monohydrogen succinate salt and uses the melting point of this 
derivative in the accurate determination of the isomeric com- 
position of the amphetamine. Application of this procedure to 
actual samples as shown has affirmed the utility and validity of 
this method. 


The difference in the physiological response to d- 
amphetamine (dextroamphetamine) as compared to the 
l-stereoisomer has indicated the need for an isomer- 
measuring analytical procedure. Welsh (1, 2) dis- 
cussed the problem from a phase diagram point of view 
and introduced a procedure, accurate to about I%,  
involving the formation of the acetyl derivative and the 


Keyphrases 0 Amphetamine sulfate isomer mixtures-determina- 
tion of isomeric composition from melting point of monohydrogen 
succinate salt 0 Dextroamphetamine sulfate-determination in 
amphetamine sulfate mixtures from melting point of monohy- 
drogen succinate salt Isomer mixtures, amphetamine sulfate- 
determination of coniponents Succinic acid-amphetamine 
sulfate salt formation, determination of isomeric composition 


determination of melting points. A recent paper (3) 
reviews the literature and describes a procedure for 
determining the optical isomer composition from the 
melting point of the benzoyl derivative. 


The method reported here involves the preparation 
of the monohydrogen succinate salt of amphetamine 
and uses the melting point of this derivative to deter- 
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Metal Complexes of Thiouracils 111: Polarographic 
Studies and Correlations among Complex Stabilities, 
Thiouracil Structures, and Biological Activities 


EDWARD R. GARRETT’ and DENNIS J. WEBER 


Abstract 0 Although potentiometric studies of cupric ion-thio- 
uracil mixtures were unable to permit the estimation of stability 
constants of the resultant complexes due to their instantaneous 
precipitation, the stoichiometric titer provided evidence for the 
formation and precipitation of either the mixed ligand complex of 
cupric ion with thiouracil and hydroxide ions (V) or the dimer, con- 
taining two cupric ions and two thiouracil anions (VII), and the 
complex of one cupric and two thiouracil ions (IV). Synthesis, iso- 
lation, and characterization of precipitated complexes gave evidence 
of the formed mixed ligand complex V that lost a molecule of water 
on drying to give bis(2-thiouracil)-p-oxodicopperr1 (X). Polaro- 
graphic studies showed a one-electron change attributable to the 
reduction of the singly charged complex of a cupric ion and a 
thiouracil anion (111) to an uncharged complex of a cuprous ion 
and a thiouracil anion at the dropping mercury electrode. The one- 
electron change could not be attributed to the reduction of the latter 
complex to copper metal since thiouracil reduction of cupric ion 
does not occur in acidic solution. Analyses of the AE1/, data for the 
difference between complex half-wave potential and the half-wave 
potential of cupric-ion reduction to the cuprous state provided 
estimates of approximately 0.1 for the ratio of the dissociation con- 
stant of the singly charged complex of a cupric ion and a thiouracil 
anion (111) to the dissociation constant of the uncharged complex of 
a cuprous ion and a thiouracil anion. It was not possible to deter- 
mine the absolute values of the cupric-ion complexes’ stability con- 
stants from polarography. The relative tendency of metal ions to 
complex with thiouracils, Cu+2 >> Pb.+2 > Cd+z >> Ni+2 - Znf2, 
is consistent with the “natural order” of such transition metals, 
their relative ionic radii, their electronic structure, and the concept 
that “soft acids” prefer to complex with “soft bases.” The presence 
of a free sulfhydryl group at the 2-position of pyrimidines appears 
necessary both for metal complexation and for antithyroid activity. 
Substituents on the ring nitrogens of thiouracil or alkyl substitution 
on the sulfur, which prevented the possibility of hydrogen tau- 
tornerism to the sulfur atom, destroyed complexation ability and 
biological activity. Substituents at the 5-position with high electro- 
negativity decreased the pK’a of 2-thiouracils, reduced the stability 
constants of the metal complexes, and minimized the antithyroid 
activities. 


Keyphrases 0 Thiouracil-metal complexes-polarography, cor- 
relations among complex stabilities, thiouracil structures, and 
biological activities 0 Polarography-metal complexes of thioura- 
cils Structure-activity relationships-thiouracil-metal com- 
plexes, correlations among complex stability, thiouracil structure, 
and biological activity 0 Potentiometric titration-metal complexes 
of thiouracils 


Potentiometric titration studies of complexes of vari- 
ously 5- and/or 6-substituted 2-thiouracil anions (11) 
with divalent metal ions have permitted the determina- 
tion of the stability constants of the singly positively 
charged 1 : 1 complexes (111) and the uncharged 1 : 2 com- 
plexes (IV) formed in homogeneous solutions with the 
divalent metal ions: Pbf2 > Cd+2 >> Ni+2 - Zn+2 (l), 
where the relative order of stabilities of the complexes 
for these metal ions is as given. The metal ions reacted 
with the sulfide ion in the 2-position. No complexation 
of thiouracils with Fe+3, Fe+2, C O + ~ ,  Ca+2, or Mn+2 was 


observed potentiometrically (1) or spectrophotometri- 
cally (2). The high insolubility of the cupric complexes 
did not permit the evaluation of their stability con- 
stants. Spectral techniques were not sufficiently sensitive 
to do other than demonstrate that cupric complexes 
had the highest stabilities (2). Complexes of 1 : 2 stoichi- 
ometry (IV) containing a cupric ion and two thiouracil 
anions were synthesized as well as the cyclic dimers con- 
taining two divalent metal ions and two thiouracil an- 
ions (VII), formed from the dimerization of the zwit- 
terion (VI) which resulted from the ionization of the 
4-hydroxyl of the singly positively charged 1 : 1 complex 
of a divalent metal ion and a thiouracil anion (111). It 
was also shown that the logarithm of the stability con- 
stant for the positively charged 1 :1 complex (111) of 
Cd+* and a substituted 2-thiouracil anion (11) decreased 
linearly with decreasing pK ’a of the thiouracil acid. 
Structures of the various compounds are given in 
Scheme I. When sulfhydryl formation in thiouracil was 
blocked by prohibiting tautomerization, as with 6- 
methyl-N,N’-diethyl-2-thiouracil, or by alkylation of the 
sulfur, no complexation with metal ions was observed. 


These subsequent studies were made to utilize polaro- 
graphic techniques in an attempt to determine the sta- 
bility constants of the more stable and highly insoluble 
cupric complexes of the various thiouracils. 


In addition, an attempt was made to rationalize the 
mechanistic bases of the relative complex stabilities and 
to consider possible correlations of these stabilities with 
the antithyroid activities of the substituted 2-thiouracil 
compounds. 


EXPERIMENTAL 


Materials-The sources, preparation, and characterization of 
the 2-thiouracil, 6-n-propyl-2-thiouracil, 6-methyl-2-thiouraci1, 
5,6-dimethyl-2-thiouracil, 5-methyl-2-thiouraci1, 5-carboethoxy-2- 
thiouracil, 6-methyl-N,N’-diethy1-2-thiouracil, and 2-ethylmer- 
capto-4-hydroxypyrimidine, 2-thiouracil disulfide monohydrate, and 
the trihydrated disodium salt of 2-sulfinyl-4-hydroxypyrimidine were 
as given previously (1, 2). The solutions of analytical grade cupric 
nitrate were standardized with the mercury, mercury-edetic acid 
electrode in the manner previously described (1). 


Potentiometric Titrations-The equipment and standardization 
procedures were described previously (1). Sample solutions for 
titration were prepared with constant concentrations of the sub- 
stituted thiouracil (2 X M) and with 2.00, 1.60, 1.00, and 
0.40 X lW3 M cupric nitrate. In addition, mixtures of 0.20-2.00 X 
1 0 - 3  M 2-thiouracil in 2 X 10-4 M increments were prepared with 
these stated cupric nitrate concentrations. The ionic strength was 
maintained constant at 0.006 M by substituting 0.03 M sodium 
perchlorate for equal volumes of 0.01 M cupric nitrate, since the 
ratio of the molar concentrations of sodium perchlorate to cupric 
nitrate is 1:3 for equal ionic strengths. Precipitation was im- 
mediately observed in all solutions on mixing. These solutions were 
titrated immediately after preparation with 0.1oOO N NaOH. Typi- 
cal curves for titrations of 25 ml. of such preparations are shown for 
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Figure 1-Potentiometric titration curves of aqueous mixtures of' 
ruprir nitrate and 2-thiouracil containing precipitated complex, with 
p = 0.006 at 25.0". Twenty-jive-milliliter solutions were 2.00 X 
IF3 M in 2-thiouracil and: ( A )  2.00 X M, ( B )  1.80 X IF3 M ,  


2.00 x 10-4 M, and ( G )  zero M in cupric nitrate. Curve H i s  the 
titration of25.0 ml. of 4.00 x 10-4 M cupric nitrate. The titer of alkali 
between inflections I and 2 is: (D) 1.57 X ( E )  2.90 X I t 2 ,  
and(F)4.30 X I F 2 m e 9 .  


(c) 1.60 x 1 0 - 3  M, (D) 1.00 x 1 0 - 3  M, ( E )  6.00 x 10-4 M, (F) 


cupric nitrate and 2-thiouracil mixtures containing precipitated 
complexes (Fig. 1). Similar preparations were left standing over- 
night under nitrogen and were then filtered; four-fifths of the filtrate 
was potentiometrically titrated in a similar manner. Typical curves 
are shown for the aged and filtered cupric nitrate and 2-thiouracil 
mixtures in Fig. 2. 


Polarographic Studies-The polarographic studies were per- 
formed on a recording polarographl equipped with a water-jacketed 
H cell maintained at 21.0, 30.0, 35.0, 40.0, or 45.0'. All potentials 
were measured versus a saturated calomel electrode with an agar 
salt bridge and were corrected for possible potential error. A sat- 
urated agar plug with excess potassium nitrate (3a) was used in the 
salt bridge and was changed whenever the solid potassium nitrate 
became depleted. The potassium nitrate was necessary since potas- 
sium chloride would have interfered by producing the anodic wave 
of the chloride ion. All test solutions were deoxygenated with water- 
saturated nitrogen gas (passed through a sparger immersed in 
water) for at least 10 min. and were maintained in a nitrogen at- 
mosphere (nitrogen gas flowing over the solution) during the analy- 
sis. The capillary constant (rn2/8t1/' = 2.215) was determined by 
running a supporting electrolyte solution (0.2 MNaC104) for a long, 
accurately measured period of time (2042.8 sec.), weighing the 
mercury delivered (4.9185 g.), and counting the number of drops 
determined from the number of pen oscillations. The values of 
t1/6 and m2/s were calculated from the experimentally determined 
seconds per drop ( I )  and the milligrams of mercury dropped per 
second (m).  The height of the mercury column was held constant at 
58.5 cm. The current and voltage were always standardized before 
each curve was run. 


Polarography of Cupric-Ion Solutions-Aliquots (0.50, 1 .OO, 1 S O ,  
2.00, 2.50, 3.00, 4.00, and 5.00 ml.) of a 0.0100 M cupric nitrate 
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F i u r e  2-Potentiometric titration curves of filtered, day-old cupric 
nitrate-2-thiouracil mixtures, with p = 0.006 at 25.0". Twenty- 
milliliter aliquots were 2.00 X IF3 M in 2-thiouracil and: ( A )  2.00 X 
1 0 - 3  M, ( B )  1.60 X I t 3  M, ( C )  1.40 X IF3 M, ( D )  1.00 X 10-' 
M, ( E )  6.00 X IF4 M, ( F )  2.00 X I t 4  M ,  and (G)  zero M in 
cupric nitrate. Curve His the titration of 25.0 ml. of 4.00 X lo-' 
M cupric nitrate. The titer of alkali between inflections 2 and 3 is: 
( D )  1.22 X IC2, ( E )  2.50 X I t 2 ,  and (F) 3.52 X 10-* meq. 


solution (prepared in 0.2 M NaCIO,) were added to 0.25 ml. of 
0.2z tyloxapol2 and 5.00 ml. of standardized perchloric acid in a 
50-ml. volumetric flask and diluted to the mark with 0.2 MNaClO,. 
These solutions were purged with nitrogen, and the polarograms 
were recorded at 21.0'. The final perchloric acid concentrations 
were 0.100,0.0100,0.00100, and O.OOO100 M. The specific composi- 
tions of the solutions are given in Table I. The final concentration of 
tyloxapol2 maximum suppressor (0.001 z) was that recommended 
in the literature (4-6) and was found to give reversible waves by its 
adherence to the expression for the equations of polarographic 
waves of the familiar symmetrical form (36): 


It also follows that: 


(a. 2) 
- 2.303RT 3.00 


EJ/ ,  - El/,  = nF log 1/1) 


where Ex/, is the potential, i, at 3/4 of the observed diffusion current, 
id, in pamp.; El/ ,  is the potential, i ,  at id/4; R is the gas constant in 
cal./deg.-mole; T is the absolute temperature; F is the faraday 
(23,060cal./abs.v.g. eq.); andnis thenumberofelectrons involved in 
the electrode reaction. The values of -(2.303RT log 9)/F at differ- 
ent temperatures are: 0.0557 (21 "), 0.0573 (30"), 0.0583 (3S0), 
0.0592 (40°), and 0.0602 (45"). All diffusion currents were measured 
at the half-wave potential. The peak of the pen oscillation was used 
to calculate all potentials and currents (7). 


Polarography of Cupric-Ion-Thiouracil Mixtures-Solutions con- 
taining 1.0 ml. of 0.01 M cupric ion, 0.25 ml. of 0.2z tyloxapol', 
5-ml. aliquots of standard perchloric acid (2.648, 2.00, 1.o00, 
0.800, 0.500, 0.100, 0.0100, and 0.00100 M), and varying volumes 
of 0.005 or 0.0025 M thiouracil derivatives (2-thiouracil, 6-n- 
propyl-2-thiouracil, 6-methyl-2-thiouraci1, 5-methyl-2-thiouraci1, 
5,6-dimethyl-2-thiouracil, and 5-carboethoxy-2-thiouracil) were 
diluted to 50 ml. with 0.2 M NaCI04. The 0.005 and 0.0025 M 


Sargent model XV. 
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Table I-Effect of Daily Dose (in mg./100 g. Body Weight) of Substituted 2-Thiouracils on Rat Thyroid Weight (in mg./100 g. Body Weight) 
after 2 Weeks of Drug Diet 


6- Met h yl-N,N'- 
-6-n-Propyl-2-thiouracilo- -5,6-Dimethyl-2-thiouracil-- -5-Methyl-2-thiouraciI- -diethyl-Z-thiouraciI- 
Doseb Thyroid Weight" Dosed Thyroid Weightc Doseb Thyroid Weight" Doseb Thyroid Weight 


0.00 5 .7  f 1 . 4  0.00 6.6 f 0 . 9  0.00 4 . 5  f 0 . 7  0.00 4 . 5  f 0 . 8  . .  ~ ~~ .... 
1.29 25.0 & 2 . 3  0.97 14.6 i ill 0.95 i i l i  f 115 - - 
2.52 28.0 f 4 . 2  1.93 13.2 f 0 . 9  1.98 13.8 f 2 . 5  - - 
4.61 25 .5  f 2 . 7  3.86 11.8 f 1 . 7  3.82 12.6 f 1 . 6  7.31 6 . 9  f 1 .7  


a The literature values (27) for 2-thiouracil effect on thyroid weights are almost identical with 6-n-propyl-2-thiouracil where the respective daily dose 
and thyroid weight were: 0.04, 7.6; 0.13, 7.6; 0.4, 8.6; 1.2, 11.8; 3.6, 21.4; and 10.0, 23.4. * The amount of drug ingested per day was determined by 
weighing the diet supplied each day and correcting for the amount uneaten. These are given as the mean thyroid weights of five rats f the standard 
deviation among these weights. In  this one case the dose was estimated from the average daily consumption of 3.86 g./lOO g. of body weight. 


thiouracil solutions were prepared in 0.2 M NaClO4 and, as the 
volume of thiouracil solution was decreased, an equal volume of0.2 
M NaC104 was substituted to maintain the ionic strength at 0.2 M. 
The solutions were purged with nitrogen as previously described, 
and the polarograms were recorded at controlled temperatures (21.0, 
30.0, 35.0,40.0, and 45.0'). A 1.00-ml. aliquot o f 0 2  MNaC104 was 
substituted for the cupric ion in the blank solutions of ligand which 
were run for each test solution. The curve for the blank was sub- 
tracted from the test solution curve; the half-wave potential, the 
Es/, - El/ ,  value, and the diffusion current were determined from 
the difference curve. A typical example of the determined difference 
curve from typical polarograms of solutions of ligand and cupric 
ion and of ligand alone is given in Fig. 3. Each test solution was run 
at least three times, and the potential and current measurements 
were averaged. The peak of the pen excursion was used to calculate 
all potentials and currents (7) and to give such plots as in Fig. 3. 


Polarography of Solutions Containing Cuprous Ion in the Presence 
of 2-Thiouracil and 2-Thiouracil Disulfide-Cuprous chloride was 
purified by dissolution of 5 g. of cuprous chloride (light green in 
color) in 100 ml. of concentrated hydrochloric acid to give a black 
solution containing CuCI2-. The addition of 300 ml. of water gave 
a light-green solution from which white crystals of pure cuprous 
chloride precipitated (8). The following qualitative tests were run on 
the precipitated cuprous chloride. A solution of ammonium hy- 
droxide (28%) added to the cuprous chloride gave a colorless solu- 
tion which slowly turned dark blue [Cu(NH3)2]+2. Concentrated 
hydrochloric acid added to the cuprous chloride gave a colorless 
solution (CuCh-) which rapidly turned dark. Addition of potassium 
iodide to the colorless CuC12- solution produced a white precipitate 
(cuprous iodide). 


Polarograms of the following solutions were run as previously 
described. Solution A contained 1.979 mg. CuCI, 1.0 ml. of 0.2 M 
NaC104, 0.25 ml. of 0.2% tyloxapol, 5.0 ml. of 2.648 M HC104, 
and 43.75 ml. of 0.005 M 2-thiouracil (in 0.2 M NaC104). Solution 
B contained 1.554 mg. 2-thiouracil disulfide, 0.25 ml. of 0.2% 
tyloxapol, 5.0 ml. of 2.648 M HCI04, and 44.75 ml. of 0.2 M 
NaCI04. Solution C contained 1.979 mg. CuCI, 3.148 mg. 2-thioura- 
cil disulfide, 10 ml. of 2.648 M HC104, 0.5 ml. of 0.2% tyloxapol, 
and 89.5 ml. of 0.2 MNaC104. 


Polarography of Presumed Cuprous Complex of 2-Thiouracil- 
The presumed cuprous chloride complex of 2-thiouracil was syn- 
thesized according to the literature (9). The procedure for the 
synthesis was the dissolution of 1.3 g. of Zthiouracil in 150 ml. of 
hot water with the addition of 40 ml. of 1.0 M CuCl in concentrated 
hydrochloric acid solution. The formed yellow crystals were washed 
with water and then acetone and dried in a vacuum oven at 50". 


Two solutions of the presumed complex were prepared. The first 
solution contained 1.883 mg. of this material, 0.25 ml. of 0.2% ty- 
loxapol, and 5.0 ml. of 3.0 M HCI04 and was diluted to 50 ml. with 
0.2 M NaCIO,. The second solution contained 1.876 mg. of the 
material, 0.25 ml. of 0.2% tyloxapol, 5.0 ml. of 3.0 M HClO,, and 
14.75 ml. of 0.005 M 2-thiouracil (in 0.2 M NaC104) and was 
diluted to 50.0 ml. with 0.2 M NaC104. Both solutions were run on 
the polarograph at 21.0". The solutions were purged with nitrogen 
as usual, and a blank solution containing everything but the pre- 
sumed complex was run in both cases. 


Synthesis of Bis(Z-thiouraciI)-p-dihydroxodicopperII (IX)-A solu- 
tion containing 0.062 mole of cupric ion in 100 ml. of water was 
added slowly, with stirring, to  400 ml. of a warm, aqueous solution 
(about 1.0 1.) containing 0.062 mole of 2-thiouracil. Very fine, light- 
yellow crystals slowly formed which were removed by filtration, 


washed with water and acetone, and dried at 120" overnight. The 
elemental analysis was performed on material dried to constant 
weight. UV assay (2) of the 2-thiouracil content was 6 2 . 2 z ;  the 
calculated value for C8H&uzN404S~ is 61.7%. The procedure for 
the assay was to put an accurately weighed amount of complex 
into hot 1.0 M HC104 for 1 day and then read the UV spectrum 
versus a 1.0 M HClOd blank. The concentration of 2-thiouracil 
was determined from the molar absorptivity (e = 13,700) at 273 nm. 
IR spectrum, 8 in cm.-I (mineral oil mull): 3090, 1640, 1600, 1540, 
1280, 1160, 1070, 1015, and 825. The weight loss when dried at 100" 
under vacuum for 2 weeks was 4.57%. The calculated value for 
CsH8Cu~N404Sz is 4.3 %. 


Anal-Calc. for C8H~CuZN4O3S2: (X) C, 24.18; H, 1.52; Cu, 
31.98; N, 14.10; S, 16.14. Found: C, 24.54, 24.06; H, 1.62, 1.66; Cu, 
32.84; N, 14.33;S, 19.48, 17.51. 


Synthesis of Bis(6-n-propyl-2-thiouraciI)-p-oxodicopper1I-The 
procedure for the preparation of bis(6-n-propyl-2-thiouracil)-p-oxo- 
dicopperII, which is similar to X except for the 6-n-propyl substi- 
tuted on the 2-thiouracil, from 6-tz-propyl-2-thiouracil was the 
same as from 2-thiouracil. The yellow precipitate was dried to con- 
stant weight at 120". The procedure for the spectrophotometric an- 
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Figure 3-Polarogram of a test solution of 2.00 X I t 4  M cupric 
nitrate in the presence of 1.875 X lop3 M 2-thiouracil and 0.0800 M 
HClO4 at 21.0". Segments A and E are portions of the dashed dif- 
ference curve obtained by subtraction of the ligand curve polarogram 
for  the blank without cupric ion from the polarogram for  the ligand 
plus cupric-ion test solution. Lines B, C, and D are at three-fourths, 
one-half, and one-fourth of the vertical distance between A and E and 
intersect the dashed difference curve at the Ea/,, Ell2, and El/, as read 
on the abscissa in volts. 
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s-cu+ s-cu-0 


n- o-cu-s 
CU2U2 (W) 


CunUn (VIII) 
Scheme I-Possible relations among the cupric-ion complexes of thiouracils in solution. Polarographic evidence exists in support of Cu( U)+ 
(111) in acidic solution. Poteniiometric fiirations of precipitating solutions provide evidence for ihe presence and precipiiarion of CuUOH ( I X )  
with lessened amounts of Cu(U)z (IV) .  The existence of (CuU)20 (X) is consistent with spectral and elemental analyses. These can result from 
dehydration of the mixed ligand precipitate CuUOH (IX) or the presence in solution of (CUUOH)~ ( I X )  as evidenced by the normal existence 
of a twin hydroxo bridge in solutions of cupric ion (19). The poteniial existence of Cu( U)+ ( Vl) ,  CUZ( U)Z (Vrr), and Cu,U, (Vrrr) is argued on 


the basis of analogy to the complexation of ihiouracil with other metal ions ( I ,  2). 


alysis of the percent of &n-propyl-2-thiouracil was also the same. 
IR spectrum, i in cm.-1 (mineral oil mull): 3040, 1640,1540, 1490, 
1440,1270,1210,1170,1020,955, and835. 


Anal.-Calc. for Cl4Hl8Cu2N4O3Sz : Cu, 26.39; 6-n-propyl-2- 
thiouracil, 70.7. Found: Cu, 26.82; 6-n-propyl-2-thiouracil,70.6. 


Determination of Antithyroid Activities of Various Substituted 2- 
Thiouracils-Twenty white male Carworth CFN rats (120-200 9.) 
were evenly divided into four groups with five rats per group. One 
group was used as a control and was fed Rockland rat diet. The 
other three groups were fed the same diet containing 0.025, 0.050, 
and 0.100 wt. of the substituted thiouracil for 2 weeks. Both 
diet and water were supplied ad libitum. The amount of drug 
ingested per day was determined by weighing the diet supplied 
each day and then weighing the amount uneaten at the next feeding 
period. The feeding cup was designed so that the feed could not 
be contaminated with feces or urine. No uneaten feed was observed 
out of the cup. 


The doses were chosen with the hope that a dose-response rela- 
tionship between drug doses and thyroid weight could be obtained. 
Body weights were measured just before sacrifice after 2 weeks of 
the drug diet. The weights of thyroid glands were determined on a 
torsion balance. The effects of dn-propyl-2-thiouraci1, 5-methyl-2- 
thiouracil, and 5,&dimethyl-2-thiouracil on thyroid weights were 
determined. The effect of a Rockland rat diet containing 0.100% 
&methyl-N,N'-diethyl-2-thiouracil on thyroid weight of five rats 
was also determined against a control group. The mean value of the 
thyroid weights for an average daily dose of each substituted 2- 
thiouracil studied is given in Table I. 


THEORETICAL BASES FOR EVALUATIONS OF 
POLAROGRAPHIC DATA 


Possible Nature of Polarographic Reduction of Complexes if 
Molar Electron Change, n, is 2-It has been shown (3c, 10, lla) that 
the potential, EDME, at the dropping mercury electrode (DME) for 
the diffusion-controlled rapid and reversible reduction of a complex 
of a divalent metal ion such as Cu+* with p univalent ligand anions, 


U, to the metallic state (amalgam) and with n = 2 for the reaction: 


C U ( U ) ~ - ~ ' '  + ne- + Hg a CuO(Hg) + p(U-) (Eq. 3) 


can be given by: 


EDME = Ea0 + (RT/nF) In aBg + (RT/nF) In K, + 
(RT/nF) In (f,k,/f,k,) - (RZ"/nF) In fdU-I - 


(RT/nF) In i/(iD - i) (Eq. 4) 


where the concentration of the ligand, [U-1, is relatively large com- 
pared to the concentration of the metal ion so that the concentra- 
tions of the ligand in the bulk solution and at the electrode surface 
are the same. The symbol F is the faraday; R is the molar gas con- 
stant; T is the absolute temperature; aEp is the activity of the mer- 
cury on the surface of the dropping electrode; fa is the activity 
coefficient for the concentration of copper metal in the amalgam 
formed on the surface of the dropping electrode; fc and f u  are, 
respectively, the activity coefficients for the concentrations at the 
electrode surface of the complex metal ion and the complexing 
agent U-; k .  and k,  are proportional to  the square roots of the 
diffusion coefficients of the metal ion in the amalgams and the 
complex metal ion in the solvent, respectively; K, is the dissociation 
constant for the metal-ion complex Cu(U)('+P)+ ; and n is the num- 
ber of electrons in the reduction and is 2 in the case of reduction 
from the cupric state to the metal. The Eno is the ordinary standard 
potential ( 3 4  for the reduction of the simple (or aquo) cupric ion 
at  the dropping mercury electrode: 


Cu+* + 2- + Hg F? CuO(Hg) ESo = -0.003 versus 
normal calomel electrode (Eq. 5 )  


where the half-wave potential for the simple (or aquo) cupric ion 
can be expressed by : 


= Eao + (RT/nF) In a H g  - (RT/nF) In (fJc./f.k.) (Eq. 6)  


where fa and f., respectively, are the activity coefficients for the 
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concentration of the amalgam formed on the surface of the mercury 
drops and the concentration of the reducible metal ions in the layer 
of the solution at the surface of the drops; and k.  and k .  are pro- 
portional to the square roots of the diffusion coefficients of the metal 
ion in the amalgams and in the body of the solution, respectively. 


Equation 4 is of the form : 


EDME = ( E I / ~ ) ~  - (RT/nF) In i/(iD - i) (Eq. 7) 


and is for a polarographic wave symmetrical about its midpoint 
and the half-wave potential coincides with its inflection point and 
center of symmetry. This El/ ,  can be defined by all but the last 
term on the right side of Eq. 4 and will obviously be a constant at 
any given [U-] when [U-] is in high excess of [CU+~]. Since Eq. 4 
is only valid for reversible reactions characterized by Eq. 7, the 
latter equation, or such variations of the latter as Eq. 2, can be used 
to test for this reversibility by demonstrating that (Ea/, - Ell4) 
values are l/n times the values of -(2.303RT log 9/F) given in the 
Experimental section for various temperatures. The value of n 
necessary to fulfill this requirement, if possible, is the number of 
electrons involved in the electrode reaction. 


When Eqs. 4 and 7 are equated, it is apparent that: 


AEl/? = = Eo + (RT/nF) In + (RT/nF) In Kc + 
(RT/nF) In (f,k,/f,kJ - (RTp/nF) In fu[U-I (Eq. 8 )  


Thus the difference between Eqs. 8 and 6, or the shift of the half- 
wave potential caused by complex formation, can be expressed by: 


AEi12 = (El /& - (E1/J8 = (RT/nF) In K, - 
(RTplnF) InfdU-I + (RT/nF) In ( fekdfk,)  (Eq. 9)  


where, for the complete reduction of the complex of the divalent 
cupric ion to metallic copper, n = 2. The ratio f , k , / fk ,  can be 
approximated as unity on the assumptions of equivalent diffusivities 
of the simple and complex metal ions, i.e., k ,  and k,, and of con- 
centrations equal to activities, i.e, ./; = .L - 1 ,  so that the last term 
on the right may be negligible. 


It follows that if n = 2, as determined from either the slope, 
RT/nF, of the plot of EDME versus In [il(iD - i)] (Eq. 1) or 
the -(2.303RT In 9)/nF values of (Eal, - Ell4), plots in accordance 
with Eq. 9 of the difference between the half-wave potentials for the 
polarographic reduction of the complex, (El& and the half-wave 
potentials for the reduction of the simple ion to metallic copper 
(El/& against the logarithm of the concentration of the ligand anion, 
In [U-I, on the assumption offu - 1, should permit the evaluation 
of the dissociation constant, K,, of the Cu(U)p(t-P)+ complex from 
the intercept (RTInF) In K,  as well as the evaluation of p from the 
slope -(RTp/nF). 


Instead of employing Kc explicitly, (RT/nF) In K, in Eq. 9 may 
be replaced by (E2 - E?), where ECo and E,“ are the respective 
standard potentials of the ionic reactions: 


Cu(U)p-”)’ + 2e e Cu(s) + AU-) (Eq. 10) 


and : 


CU+* + 2e Cu(s) (Eq. 11) 


so that: 


A E L / ~  = (El /& - (El / z ) .  = E2 - Ea0 - (RTy/nF) In fu[U-] 


(Eq. 12) 


Possible Nature of Polarographic Reduction of Complexes if 
Molar Electron Change, n, is Unity-It has been shown (3c, 10, l l a )  
that the potential at the dropping mercury electrode for the rapid 
and reversible reduction of a complex of a divalent metal ion such 
as Cu+l, with p univalent ligand anions, to a lower soluble oxidation 
state such as Cu+ complexed with 9 univalent ligand anions and 
with n = 1, as for thereaction: 


(Eq. 13) Cu(U)‘i?-”’’ + ne- & CU(U):’-~)+ + (p  - q)(U-) 


can be given by: 


(RT/nF) In [i/(iD‘ - i)] (Eq. 14) 


where the concentration, [U-I, of the ligand is relatively large com- 
pared to  the concentration of the metal ion, so that the concentra- 
tions at the electrode surface and in the bulk solution are the same. 
The fo’ and h’ are the activity coefficients for the oxidized and re- 
duced states of the complexed metal ions, respectively, at the elec- 
trode surface; ko‘ and k,‘ are proportional to the square roots of the 
diffusion coefficients of the dissolved complexed metal ions in the 
oxidized and reduced forms, respectively; p and q represent the 
stoichiometric number of ligands bound to the oxidized, Cu+2, and 
reduced, Cu+, metal, respectively; E,O is the simple standard po- 
tential of the reaction of Eq. 13;  and n is the number of electrons in 
the reduction and is unity in the case of the reduction of the cupric 
complex ion to the cuprous complex ion. All other symbols are as 
previously given. 


Equation 14 is of the form of Eq. 1 where: 


RT ko’’ - ’e9 ?In fu[U-] (Eq. 15) (El/& = Eco - - In 
nF k r f o  0 


so that (Ea14 - &/4) values as per Eq. 2 may be used to test for the 
reversibility of the underlying reaction (e.g., Eq. 1 3 )  and to estimate 
the n number of electrons involved in the electrode reaction. 


The potential at the dropping mercury electrode for the rapid 
and reversible reduction of the simple or aquo divalent metal ion to 
the lower soluble oxidation state, i.e., for the reaction: 


Cu+* + ne- F? Cu+ (Eq. 16) 


is : 


where fo and f, are the activity coefficients for the oxidized and re- 
duced states of the simple or aquo metal ions, respectively, at the 
electrode surface; ko and k, are proportional to the square roots of 
the diffusion coefficients of the dissolved simple metal ions in the 
oxidized and reduced forms, respectively; and E,O is the simple 
standard potential of the reaction of Eq. 15, where n is the number 
of electrons in the reduction and is unity in the case of the reduction 
of the cupric ion to  the cuprous ion. 


Equation 17 is of the form of Eq. 1 where: 


(El/?). = E,O - (RT/nF) In (kof,)/(k&) 


It follows that on subtraction of Eq. 17 from Eq. 14: 


(Eq. 18) 


AEl/ ,  = (El/Z)c - (El/,)* = EcO - E.,” - (q $In fu[U-] - RT - In ko’f’ 2 kvfo - (Eq. 19) 
nF k,%’ kof, 


which relates the change in the half-wave potential observed for the 
reduction of a cupric-ion complex to a cuprous-ion complex to the 
change in the standard potential of the cupric ion to that of the 
cuprous ion. The “primes” are used for parameters derived from 
complexes, and the “nonprimes” are used for the simple ions 


It has not been possible to measure the diffusion coefficient, k, ,  
of the free cuprous ion because of its ease of disproportionation to 
cupric ion and copper metal. Since the io$c radii of the cuprous ion 
and the sodium ion are 0.96 and 0.95 A,  respectively, the charge 
densities of the two ions may be presumed to  be similar. Thus, the 
probable size of the hydration sphere and, hence, the probable 
diffusion coefficient of the cuprous ion may be assumed to be similar 
to  that of the sodium ion, i.e., 1.35 x 1 0 - 6  cm.2 sec.-l (3e). Since 
cuprous ion is heavier than sodium ion and since it may exist in 
solution as the aquo ion, the value of k ,  that is proportional to the 
square root of the diffusion coefficient may be overestimated on the 
basis of this assumption. If the Stokes-Einstein law is valid with 
respect to  ionic species, the ratio of the diffusion coefficients of 
cuprous to sodium ion should be equal to the inverse ratio of the 
cube roots of their atomic weights, i.e., (22.9)1/8/(63.5)1/8 (llb), SO 
that the diffusion coefficient of cuprous ion may be estimated as 
1.0 X cm.z sec-1. Thus, the ratio k,/ko of the square roots of 
the diffusion coefficients of cuprous ions (1.0 or 1.35 X 1W6 cm.2 
sec.-l) and cupric ions [0.72 X 1 0 - 6  cm.2 sec.-l (341 is 1.1 or 1.3. 
If both the ratio of the square roots of the diffusion coefficients of 
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the oxidized and reduced complexes and the ratio of the activity 
coefficients J'fo/lfo% are taken as approximately unity, the cal- 
culated value of RTInF (In ko'k,/k,'ko) will not exceed 5 mv., which 
is the experimental error in estimating an Ex/, value. Thus, the last 
term on the right-hand side of Eq. 19 may be considered negligible 
and be ignored so that: 


may be considered as a satisfactory relation for the change between 
the half-wave potential observed for the reduction of a cuprioion 
complex to a cuprous-ion complex and the change in the standard 
potential of the metal ion. 


If the reversible reduction of the uncharged 1 : 2 cupric complex 
Cu(U),, (IV), to a lower soluble oxidation state occurs at the drop- 
ping mercury electrode, then in accord with Eq. 13, p = 2, n = 1, 
q = 1,and: 


Cu(U2) + e- F! CuU + U- 0%. 21) 


If the standard potential for the reduction of cupric ion to cuprous 
with a standard potential of E2. 


ion, n = 1 in Eq. 16, is E?, the difference: 


E' = Eco - E? (Eq. 22) 


can be written for the difference between Eqs. 16 and 21 as if it were 
the hypothetical reaction: 


Cu(U)z + CU+ CUU + U- + CU" (Eq. 23) 


since both Eqs. 16 and 21 are one-electron reactions. The equilib- 
rium constant for Eq. 23 is: 


which is the ratio of the dissociation constant of the oxidized com- 
plex to the reduced, i.e.: 


It follows from Eqs. 22-24 that: 


RT RT 
F F 


and substitution of Eq. 27 into Eq. 20results in: 


E' = E,O - Ea0 = -In K = -1n Ko/Kr (Eq.27) 


(Eq. 28) 


Since: 


[U-] = K,'[HU]/[H+]y* (Es. 29) 


appropriate substitution into Eq. 28, if fu - 1, results in: 


RT -In [HU] (Eq. 30) F 


This difference in half-wave potentials for the reduction of the com- 
plex and the metal ion will be a function of the thiouracil-ion con- 
centration (Eq. 28) which, in turn, is dependent on hydrogen-ion 
and undissociated thiouracil concentrations (Eqs. 29 and 30). If 
the initially added total concentration of thiouracil, [HUT, in 
highly acidic solutions is greatly in excess of the cupric-ion con- 
centration, then the concentration of undissociated thiouracil, [HU], 
may be approximated by the total concentration of thiouracil 
added, [HUIT. 


If it is the reversible reduction of the charged cupric complex 
Cu(U)+ to  a lower soluble and uncharged oxidation state that occurs 
at the dropping mercury electrode, then in accord with Eq. 13, p = 
1 ,n  = 1,q = 1,and: 


(Eq. 31) Cu(U)+ + e- F! CuU 


It follows from Eq. 20 that: 


and this difference in half-wave potentials will be independent of 
thiouracil-ion concentrations. Equation 32 can be written for the 
difference between Eqs. 16 and 31 as if it were the hypothetical 
reaction: 


(=I. 33) Cu(U)+ + cu+  * c u u  + cu+2 


since both Eqs. 16 and 31 are one-electron reactions. The equilib- 
rium constant for Eq. 33 is: 


which is the ratio of the dissociation constant of the charged oxi- 
dized complex : 


(Eq. 35) 


to that of the reduced K, of Eq. 26. 
It follows that: 


and substitution of Eq. 36 into Eq. 32 results in: 


and this difference in half-wave potentials for the reduction of the 
complex and the metal ion will not be a function of the thiouracil- 
ion concentration. 


The value of (EL/& for the reduction of cupric ion to  cuprous ion 
is not experimentally determinable, because cuprous ion is more 
readily reducible than cupric ion and a two-electron change always 
occurs (3c). However, the can be calculated (3c) at any tem- 
perature from Eq. 18, where E? is the standard potential of the 
reversible reduction of Eq. 16 where ko/k, is the ratio of the diffusiv- 
ity constants of the two ions and may be estimated as 1.1 to  1.3 
as stated previously. This ratio may be considered constant for 
small temperature changes, since the temperature effect on a dif- 
fusion constant is only 2% per degree (3e). The standard potential, 
E?, can be calculated from the known standard free energy or 
entropy and enthalpy values at 25" in the literature (12) in accord- 
ance with: 


(Eq. 38) 


where the standard enthalpy and entropy values taken are assumed 
to be constant for the temperature range used. The potentials of the 
saturated calomel electrode (SCE) at various temperatures are also 
available from the literature (13, 14). The values of E? calculated 
from Eq. 38 and corrected against the saturated calomel electrode 
and the (EL/& values estimated from Eq. 16 at several temperatures 
are, respectively: 21": 0.1512, -0.0878; 25": 0.1514, -0.0837; 
35": 0.1521, -0.0806; 40": 0.1526, -0.0755; and 45": 0.1530; 
-0.0744. The value of (El/,). at 25" agrees very well with the 
-0.079-v. value calculated in the literature (3e), even though the 
literature value was not corrected for the difference in diffusion 
coefficients of cupric and cuprous ions. The literature value of the 
half-wave potential for the reduction of cuprous to  free copper is 
+0.143 v. versus the saturated calomel electrode at 18.0" (15) so 
that, at potentials more negative than +0.143 v., a two-electron 
reduction would have to  be expected if free cuprous ion is produced 
from the uncharged reduced complex of one cuprous ion and one 
thiouracil anion, CuU. 


AFO = AHo - T ASo = -nFE,O 
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Table II-Effects of Cupric Ion and Perchloric Acid Concentrations on Diffusion Current and Wave Potentials for the 
Polarographic Reduction of Cupric Nitrate" at 21 


0.0010 0 . 1  9.00 - 0.01 9.07 
0.0398 0.0327 2 
0.0413 0.0307 2 


- 0.001 9.12 0.0413 0.0323 1 
- 0.001 8.90 f 0.10 0.0413 f 0.0010 0.0289 f 0.0020 4 


0.0008 0.001 7.33 0.0402 0.0336 2 
0.01 5.45 + 0.03 0.0414 f 0.0010 0.0293 f 0.0020 3 


0.0005 O.OOO1 4.44 f 0.03 - 0.0325 f O.OOO4 3 
0.0006 


O.OOO4 0.001 3.55 f 0.03 - 0.0311 f 0.0010 3 
0.0003 0.01 2.74 =t 0.02 0.0427 f 0.0012 0.0318 f 0.0005 8 
0.0002 0.  100 1.84 f 0.02 0.0397 f 0.0015 0.0339 f 0.0020 5 


All solutions were 0.2 M in NaClOa and contained 0.001 Z tyloxapol. The plus or minus values are estimates of the standard deviations. The 
iD values in microamperes were obtained by doubling the current, i, measured at the El/*. The average value of the half-wave potential in volts versw 
SCE is 0.041 1 .  Number of trials on which the stated mean values are based. 


RESULTS 


Potentiometric Titrations of Various Thiouracil-Cupric-Ion Mix- 
ture.-The addition of an amount of cupric nitrate as low as 2 X 
lO-' M to a 2 X M aqueous solution of a Zthiouracil (2- 
thiouracil, 6-rz-propyl-2-thiouracil, 6-methyl-2-thiouraci1, 5-methyl- 
2-thiouracil, and 5,6-dimethyl-2-thiouracil) caused an immediate 
drop in pH from about 5.5 to about 3.0 and the immediate forma- 
tion of a precipitate, the amount of which increased with time. 
Attempts at potentiometric titration of such mixtures with smaller 
concentrations of thiouracils in the presence of minimal amounts of 
cupric nitrate were unsuccessful in maintaining a homogeneous 
solution. Since the complexes of cupric ion and the thiouracils had 
such low solubilities, it was technologically infeasible to use the 
potentiometric method which demands instantaneous equilibration 
in homogeneous solution for the estimation of complexation 
constants (1, 2) of cupric-ion-thiouracil complexes. However, some 
pertinent information was obtained from these titrations in the 
presence of the precipitate. 


A typical set of potentiometric titration curves is given in Fig. 1 
for solutions of 25.00 ml. of 2 X M 2-thiouracil (25.0", p = 
0.006). Various amounts of cupric nitrate have been added to each 
of these solutions so that the original concentration ranged from 
2.00 X M to 0.00 M Cu(NO& for curves A to G of Fig. 1. 
The plots are given in terms of the milliequivalents of sodium 
hydroxide necessary to achieve an observed pH value for each of 
these solutions. As indicated, precipitation was observed instan- 
taneously on mixing except for the particular case (curve G) of the 
thiouracil in the absence of cupric ion where no precipitation was 
observed throughout the titration. The titration curve for 25.00 ml. 
of 4.00 X M cupric nitrate is given as curve H. Two apparent 
inflections, labeled as 1 and 2 in Fig. 1, were observed in almost all 
cases of the cupric-ion-thiouracil mixtures except for curve G. 


A typical set of potentiometric titration curves is given in Fig. 
2 for the mixtures of Fig. 1 which were allowed to stand 1 day and 
were filtered prior to titration. On the addition of standard alkali, 
precipitation was immediate and continued with further titration. 
The titration curves of the aged mixtures (Fig, 2) indicated three 
apparent inflections (i.e., 1,2,and 3)and thus indicated the presence 
of at least three species in contrast to the two species of the im- 
mediately titrated mixtures (Fig. 1). 


The resultant titration curves, A, B, and C (Figs. 1 and 2), showed 
a greater alkali consumption up to pH 6, a region where the hydroly- 
sis of free cupric ion does not occur (curve H, Figs. 1 and 2), than 
the titration of the same amount of ligand alone (curve G, Figs. 1 
and 2). It would be measured up to inflection 1 of the curves in Fig. 1 
and up to inflection 2 of Fig. 2. 


The two most acidic species disclosed by the titrations have 
apparent pK'a values of 3.1 and 4.4 and are readily seen in the curves 
A-E of Fig. 2 from the titer up to the inflection. 


A comparison of the aged solutions with the same curves of Fig. 1 
(where inflection 1 appears at the same pH labeled as inflection 2 in 
Fig. 2 and the net titer to these inflections did not appear to 
change on aging) indicates that an amount of the original species 
of apparent pK'a 4.4 (estimated from pH where half the milliequiv- 
alents to inflection 1, Fig. 1, are consumed) was transformed on 
aging to a mixture of species of apparent pK'a values 3.1 and 4.4. 


The total milliequivalents of alkali consumed in the titration of 
the nearly equimolar mixtures to a pH of about 6 (i.e., curves A and 
B to inflection 1 in Fig. 1 or to inflection 2 in Fig. 2) closely cor- 
respond to, but were less than, twice the milliequivalents of sodium 
hydroxide necessary to  neutralize the same concentration of 2- 
thiouracil alone (curve G, Figs. 1 and 2). 


If it were exactly double, the precipitated cupric-thiouracil com- 
plex would be indicated to be of 1: l  stoichiometry and the pre- 
cipitate could be the net result of equal numbers of cupric ions 
displacing two protons per molecule of equal numbers of thiouracil 
molecules or the equivalent process of displacing one proton per 
thiouracil molecule and reacting with one hydroxyl ion. If the added 
milliequivalents of sodium hydroxide necessary to reach the pH 
6 inflection (curves A and B to  inflection 1 in Fig. 1 and to inflection 
2 in Fig. 2) had been greatly in excess of twice the milliequivalents 
necessary to neutralize the ligand, it could be proposed that addi- 
tional sodium hydroxide reacted with the precipitated complex and 
destroyed it or that the metal hydroxide Cu(0H)z was precipitated 
simultaneously. If all the metal had been reacted to form hydroxide, 
the milliequivalents of sodium hydroxide to these inflections would 
have been three times the milliequivalents of sodium hydroxide 
necessary to neutralize the ligand alone. If each metal ion had 
reacted with two thiouracil molecules, the milliequivalents of 
sodium hydroxide to these inflections would have been equal to the 
milliequivalents of sodium hydroxide necessary to neutralize the 
ligand alone (1). The fact that the milliequivalents of sodium hy- 
droxide to these inflections lay between one and two times the 
milliequivalents necessary to neutralize the ligand alone implies 
that cupric-ion-thiouracil complexes precipitate that have mixed 
stoichiometry of 1 : 1 and 1 :2. 


Further confirmation is obtained from the titer between inflections 
1 and 2, curves A and B of Fig. 1, and between inflections 2 and 3, 
curves A and B of Fig. 2, where cupric ion may be in slight excess. 
The apparent pK'a was comparable to the titration of cupric ion 
alone (curve H) and is most probably due to the precipitation of 
excess cupric ion. The titer in the other curves, D, E, and F, be- 
tween inflections 1 and 2, Fig. 1, and between inflections 2 and 3, 
Fig. 2, can be assigned to the titration of excess ligand since the 
apparent pK'a of 7.49 is the same as that for the titration of the 
ligand thiouracil alone (curve G, Figs. 1 and 2). 


The milliequivalents of sodium hydroxide consumed between 
inflections 1 and 2, Fig. 1, or inflections 2 and 3, Fig. 2, corresponded 
well to the molar excess of 2-thiouracil over cupric ion in the titrated 
mixtures. These facts were again highly indicative of a 1 :1 stoi- 
chiometry of cupric-ion-thiouracil complexes in the precipitated 
complexes on titration. 


Polarography of Cupric-Ion-Thiouracil Mixtures-A typical dif- 
ference curve for the polarograms of test solutions of cupric ion- 
thiouracil mixtures and of blank solutions of thiouracils is given in 
Fig. 3. The typical polarogram of the ligand alone as given shows 
that the ligand is not reduced under the polarographic conditions. 


The polarographic diffusion current, iD, in microamperes (ob- 
tained by doubling the diffusion current, i, measured at the half- 
wave potential, Ell2, in volts) and the voltage difference between 
the 3//p and wave potentials (E8l4 - El/,)  are given for 21" and 
various cupric-ion and perchloric acid concentrations in Table 11. 
The average value of El/ ,  versus SCE is 0.041 1 v., similar to the value 
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Table III-Effects of 6-n-Propyl-2-thiouracil and Various Perchloric 
Acid Concentrations on the Polarographic Values in Volts of 
(Ea/, - El/,) and [ ( E I / ~ ) ~  - (Ei/,)*Ia for 2.00 X M Cupric 
Ionb at 21" 


108r6-n- 


4.375 
3.875 
3.375 
2.875 
2.375 
1.875 
4.375 
3.875 
3.375 
2.875 
2.375 
1.875 
1.375 
4.375 
3.875 
3.375 
2.875 
2.375 
1.875 
1.375 
4.375 
3.875 
3.375 
2.875 
2.375 
1.875 
1.375 


-0.0582 
-0.0573 
-0.0593 
-0.0572 
-0.0612 
- 0.0592 - 0.0582 
-0.0582 
-0.0533 
-0.0572 
-0.0572 
-0.0553 
-0.0571 
-0.0552 
-0.0612 
-0.0543 
-0.0612 
-0.0572 
-0,0601 
-0.0602 
-0.0572 
-0.0562 
-0.0582 
-0.0572 
-0.061 3 
-0.0578 
-0.0563 


0.0500 


0.0800 


0.100 


0.200 


-0.1324 f 0.0008 
-0.1350 f 0.0018 
-0.i324 f 0.004 
-0.1266 f 0.0031 
-0.1255 f 0.0030 
-0.1199 f 0.0026 
-0.1266 f 0 0013 . ._.. ~ - . .-~ 


-0.1319 f 0.0009 
-0.1305 f 0.0005 
-0.1258 f 0.0019 
-0~1193 f 0.0022 
-0.1151 f O.ooo4 
-0.1119 f 0.0025 
-0.1248 f 0.0012 
-0.1288 i 0.0027 
-0.1223 f 0.0020 
-0.iO67 f 0.0137 
-0.1135 f 0.0085 
-0,0789 f O.OOO1 
-0.1045 f 0.0024 
-0,1206 + 0.0035 
-0.i266 f 0.0028 
-0,1209 f 0.0040 
-0.1185 f 0.0043 
-0.1198 f 0.0030 
-0.1112 f 0.0036 
-0.1066 f 0.0014 


a The difference in half-wave potentials of the complexed and simple 
cupric ions against SCE. The average value of (Ei/J, for cupric ion alone 
in acid was 0.041 1 v. This value should be added to the - (Ei/&] 
values given to obtain the determined values for the complexed 
cu ric ions. * Ionic strength is constant at 0.20 M using sodium per- 
chrorate. All solutions contained 0.001 tyloxapol as maximum sup- 
pressor. The diffusion current was constant at 1.48 #amp. 


in the literature. The diffusion current was proportional to the 
copper-ion concentration, where the proportionality constant 
was 9140 fiamp./mole/l. at 21" for the conditions specified in the 
Experimental section. Since twice the value of -@a/, - El/,) cal- 
culated by Eq. 2 and listed in Table I[ was close to 0.060, this 
strongly indicates that the simple cupric ions [actually the tetraquo 
cupric ions [C~(H20)~]+2 in agreement with Kolthoff and Lingane 
(3e)l reduced directly to the metallic state at the dropping electrode 
by a two-electron transfer, since the cuprous-ion product of a one- 
electron transfer is incapable of a stable existence at the potential 
at which cupric ions are reduced. This is further confirmed by the 
fact that the polarogram of a solution of simple cupric ions shows 
only the single wave corresponding to the overall reaction C U + ~  -+ 


Data typical of that obtained from polarographic studies on 2- 
thiouracil, 6-n-propyl-2-thiouraci1, and 5,6-dimethyl-2-thiouracil 
(see typical curves given in Fig. 3) when various concentrations of a 
thiouracil are mixed with a given concentration of cupric ion at the 
stated various perchloric acid concentrations are given for 1.38- 
4.38 X lW3 M6-n-propyl-2-thiouracil and 2.00 X 10-4 Mcupricion 
at 21' in Table 111. The ionic strength was maintained constant at 
0.20 M, using sodium perchlorate with 0.001 tyloxapol as a maxi- 
mum suppressor. The observed diffusion current for the experi- 
mental polarographic conditions specified in the Experimental sec- 
tion was 1.48 fiamp. and was invariant with the various thiouracil 
and perchloric acid concentrations. Thus, (Es/,  - ,511,) values of 
Table 111 were within 10 mv. of the theoretical value calculated by 
Eq. 2, i.e., 0.056 for a one-electron change. 


The polarographic curves became irreversible with increasing 
(Ea/, - El/,) values at hydrogen-ion concentrations lower than 0.01 
M. Thus, the data considered were limited to those studies of 0.05 M 
or greater in perchloric acid. 


The studied solutions of &methyl- and 5-methyl-2-thiouracils 
gave polarographic results similar to those compounds already 


Cu(Hb3). 
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Figure &Plots of the negative difference, - AEti,, in the half-wave 
potentials, (El/,)o for  the polarographic reduction of the cupric-ion 
complex of 2-thiouraci1, 6-n-propyl-2-thiouracil, and 5,6-dimethyl-2- 
thiouracil to a cuprous-ion complex and the hal6 wave potentials, 
( E I / ~ ) ~ ,  for  the polarographic reduction of the simple cupric ion to its 
cuprous form against the negative logarithm of the substituted 2- 
thiouracil concentration, [ H U ] .  The dashed lines are drawn with the 
theoretical slopes 2.303RTIF consistent with the expression AEi/, = 
(2.303RT/F) log (KolK,) ( [H+] /K, ' )  - (2.303RTIF) log [HU] for  
the reduction of C U ~ ~ ( U ) ~  of dissociation constant KO to CuIU of 
dissociation constant K,.  The arrows estimate a mean value of AEil,, 
when values for - log [ H a  greater than 2.8 are ignored, consistent 
with the expression AEti2 = 2.303RTIF log Ko ' /K ,  for the reduction 
oj Cu"(U)+ of dissociation constant KO' to CuIU of dissociation 
constant K,. The curves, substituted 2-thiouracil compounds, tem- 
perature, [HCI04],  and mean (Es/, - El/,) values are, respectively: 
A ,  6-propyl-2-thiouraciI, 21 ', 0.05, - 0.068; B, 6-propyl-2-thiouraciI, 
21", 0.20, -0.058; C, 6-propyl-2-thiouraciI, 21", 0.10, -0.058; 
D ,  6-propyl-2-thiouraciI, 40", 0.08, - 0.053; E, 6-propyl-2-thiouraciI, 
40", 0.05, -0.049; F, 6-propyl-2-thiouraciI, 35", 0.10, -0.062; 
G, 5,6-dimethyl-2-thiouracil, 21 O ,  0.08, - 0.060: H, 5,6-dimethyl-2- 
thiouracil, 21 ', 0.05, -0.060; I ,  6-propyl-2-thiouracil, 40", 0.10, 
-0.059; J, &propyl-2-thiouracil, 40", 0.20. - 0.062: K ,  2-thiouraei1, 
30", 0.08, -0.065; and L, 2-thiouracil, 30", 0.10, -0.Q64. The 
original [ C U + ~ ]  was 2 X 1 0 - 4  M. 


discussed, except that the polarographic waves became much steeper 
and thus more irreversible when these solutions were permitted to 
stand in the polarographic cell. Since this occurs only for solutions 
permitted to stand in the polarographic cell, it could conceivably 
be attributed to adsorption or interaction with the mercury drop. 
The Eil2 values for &methyl- and 5-methyl-2-thiouracils were taken 
from the first polarographic curves obtained so that aberrations due 
to this subsequent irreversible behavior could be avoided. The 
polarographic curve for 5-carboethoxy-2-thiouracil was irreversible, 
as indicated by values of (Ea/, - Eii,) in the range of from -0.08 to  
-0.09, values significantly in excess of the theoretical one-electron 
change (i.e., -0.06) for Eq. 2. 


values for the polarographicreduction 
of the cupric-ion complexes of these substituted thiouracils dernon- 
strated a one-electron change (Eq. 2) denies the reduction to copper 
as per Eq. 3. It also denies the validity of EQ. 9 for the determination 
of thep numbers of complexed ligands and the dissociation constant 
of a CU(U),(~-P)+ complex. It follows that the difference (AB /J  


The fact that (Ea/, - 
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between the half-wave potential (E1/JC for a cupric complex reduc- 
tion to a cuprous complex and the half-wave potential (EL/& for 
cupric-ion reduction to cuprous ion should be consistent with 
either Eq. 28 (and 30) for the reduction of the Cu(U)z complex to  
CuU or with Eq. 37 for the reduction of the Cu(U)+ complex to  
CuU. In the former case, AEl /?  = [(El/?)< - (EI/,),] should be linearly 
related to the logarithm of the substituted thiouracil-ion concentra- 
tion (Eq. 28), [U-1. and the logarithm of the undissociated thiouracil 
concentration, [HU] (Eq. 30). In the latter case (Eq. 37), theAEl/, 
should be independent of both thiouracil-ion and thiouracil acid 
concentrations. 


The derivations of Eqs. 28 and 30 required that the ligand con- 
centration be large relative to  the metal-ion concentration for the 
prerequisite Eq. 14 to  be valid. The sensitivity of the polarograph 
required a cupric-ion concentration of 2.00 X 10-4 M ,  which put a 
lower limit of about 2.00 X M on the ligand concentration, 
[U-1. Thus, this same value for the undissociated acid concentra- 
tion, [HU] (equivalent t o  a log [HU] of -2.7 as plotted in Fig. 4), 
may be too small t o  fulfill the excess ligand requirement of sub- 
stituted thiouracil-ion concentration, [U-], over cupric concentra- 
tion. The high acidities necessary for the polarographic studies 
(Tables I l l  and IV) diminish the [U-] concentration available 
(Eq. 29) even when the [HU] concentration is in such excess that it 
can be approximated by the total concentration of added substituted 
2-thiouraci1, [HUIT. 


The upper limit of thiouracil concentration possible was its 
intrinsic solubility, which is about 5 X M ( 1 ) .  These limitations 
severely restrict the range of  thiouracil concentrations available for 
use to determine the validity of a linear dependency of AE:/, on 
thiouracil acid concentration from plots such as that given in Fig. 4 
in accordance with Eq. 30. Slopes of plots of -AE:/, uersiis -log 
[HU] consistent with Eq. 30 would have the theoretical -2.303 
RT/F values at the several temperatures of -0.0584 (21 O ) ,  -0.0592 
(25"). -0.0602 (30"), -0.0611 (35"), -0.0621 (40"), and -0.0631 
(45 "). 


The scatter in the plots of Fig. 4 are less than many in the litera- 
ture (3r) ,  and the error in each point is close to the 3 ~ 2 . 5  mv. which 
is normal for the polarograph usedl(l6). 


On the premise that there is no valid demonstration from Fig. 4 
that the AEli l  values are dependent on undissociated thiouracil acid 
concentration, and thus the concentration of the thiouracil-ion 
ligand, the mean -AEl j2  values estimated for log [HU] > -2.7 are 
listed in Table IV for various thiouracils, temperatures, and per- 
chloric acid concentrations. There appears to be no significant 
variation of A B / ,  with the perchloric acid concentrations studied, 
although there is a pronounced tendency for the -AEi I? values to 
decrease or the AEl/? values to increase with increasing tempera- 
tures. In accordance with Eq. 37, this implies that the Ko'/K, ratio 
tends to increase with increasing temperature and the dissociation 
constant, Ko', of the CuIIU+ complex tends to increase with increas- 
ing temperature relative to the dissociation constant, K,, of the 
reduced CuIU complex. 


Polarography of Cuprous Ion in Solutions of 2-Thiouracil and 2- 
Thiouracil Disuifide-The polarograms of Solution A (specifically 
described in the E.rperimef?ta/ section), containing solid cuprous 
chloride, 0.2648 M HCI04, and 4.375 X M 2-thiouraci1, gave 
a reversible wave (EJ; ,  - El/,  = -0.063) and an El/? value of 
-0.153 mv., which was the same as was found for a solution con- 
taining cupric ion and 2-thiouracil under the same conditions. Only 
a portion of the white cuprous chloride appeared to dissolve when 
slightly heated. The rest slowly turned to  orange crystals. The anodic 
polarogram was also recorded to look for the wave due to oxidation 
of free or complexed cuprous to cupric ion, but none was found. 


The polarogram of Solution B (see Experimental section), con- 
taining 2-thiouracil disulfide in acid solution, produced no wave 
and was similar to that for 2-thiouracil under the same conditions 
(Fig. 3). 


The polarogram of Solution C (see Experimetifal section), con- 
taining solid cuprous chloride and 0.995 X lo-' M in 2-thiouracil 
disulfide and 0.2648 M in perchloric acid, gave a wave with an El/, 
value of -0.078 mv. and an apparent El/, value of -0.090 v., which 
was close enough to  the El;, value of -0.079 v. given in the litera- 
ture ( 3 u )  for the reduction of free cupric to cuprous ion. The cuprous 
chloride did not appear to dissolve and what remained turned 
orange. 


Polarography of Presumed Cuprous Complex of 2-Thiouracils- 
Solutions of the presumed cuprous complex of 2-thiouracil, pre- 


Cu+2 + HU (I) F! 
CUUOH (V) + Hz0 


f /  
Cu(U)+ (111) + H+ + 20H-  


*Cu(U)* (VI) + 2Hz0 


Scheme I1 


pared as specified in the Experimental section, produced an El/,  
value of -0.078 v. uersus SCE, which was the same as the El/, value 
given in the literature for the reduction of cupric to cuprous ion (3e). 


Polarograms of the presumed cuprous-2-thiouracil complex in 
the presence of added thiouracil gave (E314 - Ell4) values of -0.058 
v., indicative of a one-electron transfer, and an El/, value which was 
the same as that for cupric ion in the presence of the same 2-thioura- 
cil concentration. 


Addition of concentrated ammonia to fresh dilute acid solutions 
of the presumed cuprous complex of 2-thiouracil gave an instan- 
taneous blue color, typical of cupric ion. 


DISCUSSION 


Possible Structures of Precipitates from Alkaline Titrated Solu- 
tions of Cupric-Ion-Thiouracil Complexes-The large immediate 
drop in pH when solutions of cupric nitrate and thiouracil were 
mixed (Figs. 1 and 2) demonstrated that a strong complex (or 
complexes) was formed with a large displacement of hydrogen ion. 
The resultant complex(es) immediately precipitated, and the 
amounts of precipitates increased with time and while alkali was 
added. 


More alkali was consumed up to pH 6 (a region where the hydroly- 
sis of free cupric ion does not occur as shown by curve H, Figs. 1 and 
2) as characterized by the milliequivalents of alkali consumed up 
to inflection 1 of curves A, B, and C of Fig. 1 (and the corresponding 
inflection 2 of the filtered, aged, cupric-ion-thiouracil mixtures of 
Fig. 2) than was consumed when the equivalent amount of ligand 
alone was titrated (curve H, Figs. 1 and 2). The fact that the milli- 
equivalents of alkali consumed were greater than 1.5 times the milli- 
equivalents of ligand required that a greater portion of the alkaline- 
reacted complexes by either a mixed ligand complex of the form 
CuUOH (V in Scheme I) or some other complex which could 
donate two protons during the alkaline titration. This latter complex 
could form the zwitterion Cu(U)* (VI) on the neutralization of 
the second proton from the potential hydroxyl group at  the 4- 
position of the 1 :1 complex, Cu(U)+ (111). Both of these potential 
complexes readily explain the consumption of two hydroxyls per 
molecule of complexed thiouracil, HU, when Scheme 11 is con- 
sidered. The detailed structures of the complexes are given in Scheme 
I. 


Either the mixed ligand complex CuUOH (V) could precipitate 
or the zwitterion Cu(U)* (Vl) could dimerize to give the neutral 
insoluble chelate Cu2(U)2 (VII) or the insoluble linear polymer 
Cu,,(U), (VIII). Analogous arguments have been given previously 
(1,2) for the thiouracil complexes of other metal ions. 


The fact that the milliequivalents of alkali consumed to inflection 1 
of curves A, B, and C of Fig. 1 (and inflection 2 of curves A, B, and 
C of Fig. 2) were greater than the milliequivalents of ligand present 
(curve H of Figs. 1 and 2) but were less than twice this number of 
milliequivalents (i.e., approximately 17 7; less than twice) demands 
the postulation of formation and possible precipitation of a complex 
(or complexes) that consume only one hydroxyl ion per thio- 
uracil molecule in addition to the postulated formation and possible 
precipitation of complexes that consume two hydroxyl ions per 
complexed thiouracil. The former could be formed in the following 
manner : 


CU+' + 2HU + 20H- F! CU(U)? (IV) + 2Hr0  (Eq. 39) 


Further evidence in support of this postulate was obtained from 
titration studies when there was excess free or uncomplexed ligand 
in those mixtures where the thiouracil concentration exceeded the 
cupric-ion concentration (curves D, E, and F of Figs. 1 and 2). If 
only CuUOH (V) or Cu(U)* (VI) and its polymers (VII and/or 
VIII) had been formed (Scheme 11) and possibly precipitated on 
alkaline titration. the titers between inflections 1 and 2 of curves D, 
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Table IV-( -AEi/? = -[(Ei/JC - (E1/J8]} ValuesQ for the Apparent Reduction of the Singly Positively Charged 1 : 1 
Complex of Cupric Ion to the Uncharged 1 : 1 Complex of Cuprous Ion with Various Substituted 2-Thiouracil Anions 


5,6-Dimethyl- 5-Methyl-. 6-Methyl- 5-Carboethoxy- 
p2-Thiouracil----- -6-n-Propyl-2-thiouracil- --2-thiouracih 2 - t Iy rac~ lb  2-tl$ouracjl -z-thiouracilc- 


[HC104] 21" 30" 35" 45" 21" 35" 40" 45" 21" 35" 40" 21 35 21 35 21 35" 40" 


- _  - _ _  - - _ -  - -  0.265 0.066 - - 
0.200 0.075 0.050 0.035 0.020d 0.120 0.082 0.085 0.087 0.120 - - 0.067 - 0.067 -- - - - 
0.100 0.070 0.040 0.030 - 0.120 0.083 0.100 0.100 0.100 - - 0.072 - 0.070 - - - - 
0.080 0.073 0.047 0.033 - 0.126 0.086 0.086 0.085 0.100 - - 0.076 - 0.090 -- 
0.050 0.080 0.055 0.043 - 0.126 - 0.093 0.093 0.130 0.092 0.087 0.092 0.084 0.092 0.093 0.048 0.032 0.026 
Mean 0.073 0.048 0.035 0.020d 0.123 0.084 0.091 0.091 0.113 0.092 0.087 0.077 0.084 0.076 0.093 0.048 0.032 0.026 
102Ko'/KTc 5.60 15.9 26.8 48d 0.78 4.22 3.48 3.62 1.15 3.16 3.98 4.80 4.22 5 .04  3.02 16 30 38 


- _ _  


These are estimates of the mean - A E , / ,  values for several substituted 2-thiouracil concentrations ranging from 2.38 to 4.38 X 10-0 M in the 
presence of 2.00 X lo-' M Cu+?. The AEl12 values for substituted 2-thiouracil concentrations less than 2 X M were ignored, since the validity 
of the equations relating AEI/?  to the ratio of the dissociation constants Ko/K, or Ko'/K, is based on the premise that the concentration of ligand is 
relatively large compared to the concentration of metal ion. The A E I / ,  values are the differences between the half-wave potentials ( E I / &  for the polaro- 
graphic reduction of the cupric-ion complex of the substituted 2-thiouracils and the half-wave potentials (El/%),  for the polarographic reduction of the 
simple cupric ion to its cuprous form. The polarographic wave became steeper with more negative El / ,  values on repeated polarographic studies on 
the same solution so that only initial curves were used and values from curves where (Es;, - EL/ , )  were very much less than - 0.5 were discarded. 


The polarographic curves may have 
contained two waves very close together but were treated as a single curve. Thus, these data are not considered accurate and are given for compara- 
tive purposes only. These values are related to the A B / ,  values by AEi/? = (2.303RT/F) log Ko'/K,, where KO' is the dissociation constant of the 
charged complex Cu"(U)+ and K, is the dissociation constant of the reduced complex Cu'U. In several instances when A E I / ~  values at substituted 
2-thiouracil concentrations less than 2 X 10-3 M were included, these values indicated a possible linear relation to the logarithms of the thiouracil 
concentrations. This could be rationalized on the premise that the complex Cu"(U)2 of dissociation constant KO was polarographically reduced to 
Cu'U of dissociation constant K, and that AEl / ,  = ( R T / F )  In KoIK, (RTIF) In [U-] or AEl/ ,  = (RT/F)  In (Ko/K,) ([H+]/K=') - (RT/F)  In mu]. 
Calculated - log Ko/K, values for the several instances where such linear regressions appeared to be possible were ([HCLOI], "C, -log Ko/KV) for 2- 
thiouracil: 0.0265, 21". 10.38; 0.080, 21". 10.11; 0.200, 30". 9.99; and 0.100, 35". 9.30; for 6-n-propyl-2-thiouracil: 0.100, 21". 11.61; 0.080. 35". 
10.35; 0.200. 40", 10.51; and for 5.6-dimethyl-2-thiouracil: 0.200, 21". 11.27. 


The polarographic waves were stable but very irreversible and gave (Es/, - EL/ , )  values of about - 0.09 v. 


E, and F of Fig. 1 (and the corresponding titers between inflections 
2 and 3 of curves D, E, and F of Fig. 2) would be equal t o  the dif- 
ference between the millimoles of ligand (5.00 X lo-*) and the mil- 
limoles of cupric ion in the titrated mixtures. This was not so. In 
every such instance the titration of excess, free, uncomplexed ligand 
[the portion of the curve used for these calculations is characterized 
by the thiouracil pK'a of approximately 7.5 (1) and is clearly labeled 
in Figs. 1 and 21 was less than would be expected if each complexed 
thiouracil molecule had consumed two hydroxyls as a result of the 
formation of a 1 : 1 complex of a thiouracil with cupric ion. These 
facts supported the assumption of the partial formation and pos- 
sible precipitation of a C U ( U ) ~  complex (IV) during the titration 
where the amount of free, uncomplexed thiouracil available to be 
titrated was lower than expected if only 1 : 1 complexation had oc- 
curred. 


There was no tendency for such precipitated complexes of cupric 
ion and thiouracil to be disrupted at  relatively high concentrations of 
hydroxyl ions, at  least up to  a pH of 10. The sharpness of inflection 
1 in curve C of Fig. 1 and inflection 2 in curve C of Fig. 2 is indica- 
tive of complexes of high stability, low solubility, and low rates of 
dissolution. 


The fact that filtered, aged mixtures of cupric ion and thiouracil 
showed the appearance of a new titratable species (see the new in- 
flection 1 in Fig. 2 where inflection 2 of Fig. 2 and inflection 1 of 
Fig. 1 are similar) argues for the presence of precipitated materials 
on aging that consume alkali more readily. The fact that the overall 
consumption of titer was similar in both Figs. 1 and 2 argues for only 
a small precipitation of complex on the initial mixing of thiouracil 
and cupric-ion solutions. 


Confirmation of Structure of Complexes and Precipitates of 
Cupric-Ion Complexes of Thiouracils-The plausible relations 
among the possible structures of complexes and precipitates from 
the interactions of cupric ions and thiouracils are given in Scheme I. 
This scheme is based on the possible analogy to  the schemes given 
for thiouracil complexes with other metal ions (1, 2) and the in- 
formation deduced from the potentiometric titrations and polaro- 
graphic studies given in this paper. Polarography gave definitive 
evidence for the presence of Cu(U)+ (111) complexes in perchloric 
acid solutions greater than 0.05 M. The precipitation of a relatively 
stable Cu(U), (IV), CuUOH (V), C U ~ ( U ) ~  (VIII), or Cu,,(U), (VIII) 
complex is highly probable and consistent with the data. 


The complex precipitated from the addition of equal moles of 
cupric ion to 2-thiouracil (and also to 6-n-prapyl-2-thiouracil) had 
a carbonyl group at  the 4-position of the pyrimidine ring, as 
indicated by an intense absorption band at  1640 cm-1, typical of 


the carbonyl absorption of the ligand (17, 18). This fact and the 
elemental analyses exclude Cu2(U), (VII) or Cu,(U), (VIII) as the 
structure of the complex synthesized under the stated conditions. 
The formation of CuUOH (V) is consistent with this information and 
the fact that a 1 : 1 cupric-ion-thiouracil complex is the major species 
precipitated during the potentiometric titrations of mixtures. The 
isolated precipitates, after extensive drying to  lose 1 mole of water 
on the assumption of a CuUOH empirical formula, had elemental 
analyses corresponding to (CUU)~O (X). This could be readily ex- 
plained by the dehydration of the precipitates of Structure V or IX. 
Solutions of cupric ion have been shown (19) to exist with a twin 
hydroxo bridge structure (Scheme 111). 


This information is consistent with, and analogous to, the struc- 
ture of bis(2-thiouracil)-p-dihydroxocopper~~ (IX in Scheme I), 
which on loss of a mole of water would give X and should possess 
the IR spectrum and elemental analysis observed. The extreme 
insolubility of the synthesized complex frustrated efforts to obtain 
molecular weights and NMR spectra. 


The fact that the added hydroxide ion prefers t o  add a t  the charged 
copper site of 111 instead of removing the proton of the potential 
4-hydroxyl argues for a higher positive charge density at the 2-posi- 
tion when cupric ion is complexed than when Cd+2 or Pb+2 are the 
complexing species. In these latter cases, precipitates formed under 
similar conditions had the elemental analyses and spectra consistent 
with an M2(U12 structure analogous to  VII or VIII (1 ,  2). The fact 
that mixtures of C U ( U ) ~  and CuU(0H) may be formed on alkaline 
titration of solutions whereas it is the latter that is more readily pre- 
cipitated from 1 : 1 cupric-ion-thiouracil mixtures in acidic solutions 
implies the greater insolubility of CuU(0H). However, as alkali is 
added and the pK'a of thiouracil is approached, the rate of hydrox- 
ide-ion increase is less than that of thiouracil-anion increase and 
the precipitation of Cu(Q may be favored. Since these complexes 
are highly insoluble, proper reequilibration may be difficult t o  ob- 
tain. The new inflection point observed in the titration curves of 
Fig. 2 may possibly be assigned to  the manifestation of the titration 
of a 4-hydroxyl group of the pyrimidines, an hydroxyl group that 
results from a time-dependent enolization of the normal 4-carbonyl. 


L H J  
Scheme III  
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Nature and Strength of Polarographically Determined Cupric and 
Cuprous Complexes of Thiouracils in Acid Solution-The fact that 
the polarographic reduction of the cupric-ion complexes of 5- and/or 
6-substituted thiouracils at the dropping mercury electrode demon- 
strated a one-electron change of reasonable reversibility supports 
the premise of reduction of the complexed cupric species only to the 
cuprous state and not to the free metal. This can occur if the resultant 
thiouracil complexes of cuprous ion were of high insolubility and/or 
were of high stability and thus highly resistant to polarographic re- 
duction and dissociation. It is also possible that the resultant CuW 
complex was immediately precipitated on formation and possibly 
adsorbed on the mercury drop. 


The prevention of the reduction of cuprous ion by complexation 
is not new and occurs in the presence of cyanide ion (20). Cuprous 
ion is a very soft acid (21) and would be expected to complex 
strongly with the “soft base” sulfur (21) to inhibit the reduction 
of cuprous ion to copper metal. 


The inability to pick up a polarographic wave attributable to 
cuprous-ion complexes for mixtures of 2-thiouracil or 2-thiouracil 
sulfide with cuprous ion and for a presumed synthesized cuprous- 
ion-Zthiouracil complex is further evidence that such complexes are 
not facilely polarographically reducible. The chemical tests and 
polarographic waves observed were only attributable to contamina- 
tions by cupric ion or their thiouracil complexes. 


Although in several instances there was a tendency for -AEl/ ,  to 
decrease with decreasing thiouracil concentration [HU] (Table 111) or 
with increasing -log[HU] values (Fig. 4), the evidence was not 
conclusive, especially when the unreliability of data at lower thio- 
uracil concentrations is considered since [U-] must highly exceed 
[Cu+Z]. Typical plots for various cupric-ion complexes of substi- 
tuted 2-thiouracils in accordance with Eq. 30 are given in Fig. 4. The 
dashed lines are drawn with the theoretical -2.303RTIF slopes. 
However, when the unreliable data for [HU] < 2 X Mare  not 
considered in the estimation of a possible regression, no decision as 
to the validity of Eq. 30 can be made. In addition, if the validity of 
the regression is assumed, it is necessary to postulate the preferen- 
tial polarographic reduction of a Curr(U)2 complex rather than a 
Cu’I(U)+ complex to a CuW complex with a ratio of dissociation 
constants of Ko/K, ofthe magnitude of 10-10-10-12 (see footnote b of 
Table IV). This would imply that the cuprous complex Cu’U is ex- 
tremely highly dissociated (k., 10” times greater) compared to the 
reducible CUII(U)~ species. This is of an incomprehensible magni- 
tude. In addition, the CuII(U)+ complex should be formed prior to 
the Cur1(U)2 and should be preferred in the acidic solutions studied 
(1,2). Assuredly, the positively charged CuIr(U)+ complex should be 
preferentially reduced at a dropping mercury electrode over a neu- 
tral CUII(U)~ complex. 


The ratios of dissociation constants of CuIr(U)+ to CuW calcu- 
lable from Eq. 37 and given in Table IV are of orders of magnitude 
of 0.1, which is much more reasonable than the ratios (approxi- 
mately lo-”) calculable from Eq. 30 on the premise of preferential 
reduction of C U ~ I ( U ) ~ .  The fact that the dissociation constant of the 
1 : 1 cupric complex, Cu(U)+, is less than that of the 1 : 1 cuprous 
complex, CuU, is consistent with the larger positive charge of the 
cupric ion. 


There is an alternative explanation for a one-electron change on 
polarographic reduction in cupric-ion-thiouracil mixtures and for 
linear plots of AE112 versus log [HU] consistent with equations of the 
form of Eqs. 28 and 30, where (El/?), would be for the reduction of 
cuprous ion to metallic copper. This polarographic wave could be 
attributed to the reduction of a cuprous-ion complex of thiouracil, 
CuW, or of a thiouracil disulfide formed instantaneously on mixing, 
where the reduction of cupric ion is effected by the oxidation of 
thiouracil to thiouracil disulfide. However, sufficient evidence has 
been presented previously (2) that this cupric-ion reduction by thio- 
uracil does not occur in the acid solutions used for the polarographic 
studies. 


Relative Tendency of Metal Ions to Complex with Thiouracils- 
The order of decreasing stability of metal complexes of thiouracils 
(1, 2) is: C U + ~  >> Pb+2 > Cd+2 >> N P 2  = Z d 2 .  Metal ions that do 
not appear to complex thiouracils (1, 2) are FeC3, Fe+2, Co+2, Ca+2, 
and Mnf2. 


The “natural order” of stability constants (22, 23) for the first- 
row transition metals, Fe+:l < Cof2 < N F 2  < C U + ~  > Z d 2 ,  shows 
the highest complexation stability at cupric ion, is a direct conse- 
quence of their ionization potentials and ionic radii (24), and follows 
the order of the heats of hydration (23). 


When ligands approach cupric ion, the energy of the normally 
degenerate (having equal energies) 3d electron orbitals is changed, 
causing some orbitals to become lower in energy and some higher 
(23). The nine 3d electrons of cupric ion will preferentially fill the 
lower energy orbitals first and will give a decrease in the total energy, 
called the crystal field stabilization energy. The crystal field 
stabilizationenergy is theoretically a maximum in a d* ion in an 
octahedral field but, in the case of cupric ion, the dL2 and d,eyl 
orbitals are degenerate. The degeneracy is removed by Jahn-Teller 
stabilization, causing the 3d0 configuration to become most stable 
(23). Jahn-Teller stabilization results from the fact that if the ground 
level of a system is composed of degenerate energy states, a dis- 
tortion of the system must occur to remove the degeneracy and make 
one energy state lower. In the case of cupric ion, there are two de- 
generate energy states and one is raised and the other is lowered in 
energy. This change in energy states results in an axial distortion of 
the octahedral cupric ion to a square-planar configuration (23). 


The 3d orbitals of sulfur are empty and may accept electrons by 
back-donation from the partially filled 3d orbitals of cupric ion to 
form *-bonds, thus adding to the strength of the complex. The 
complexes of cadmium and lead may owe part of their relatively 
strong bonding to back-donation of electrons from their filled 4d 
and Worbitals, respectively, to the empty 3dorbitals of sulfur (25). 


Pearson (21) classified metal ions and ligands in terms of “soft” 
and “hard” acids and bases. In this classification, those metal ions 
that complex by ionic attraction are called “hard” acids while those 
metal ions that complex primarily by formation of covalent bonds 
are called “soft.” 


Sulfur anions bound to conjugated systems, as in thiouracil and 
thiophenol anions, rank near the top as soft bases. According to 
Pearson’s classification, a soft base forms the strongest bonds with 
soft acids. Cadmium and silver ions (21) are typical soft acids; cal- 
cium, manganese, and ferric ions are typical hard acids and would 
not be anticipated to complex readily with thiouracil anions which 
are soft bases. Lewis acids, which fall into a borderline class, are 
ferrous, cobaltous, nickel, cupric, zinc, and lead ions, but only the 
last three appear to complex with thiouracils. The stability of fer- 
rous and cobaltous-ion complexes would be expected to be lower 
than that found for nickel, since their ionic radii are larger and 
heats of hydration are lower. Lead ion is also a borderline case and 
probably owes its relatively high stability constant with thiouracils 
to its large size and polarizability. 


Possible Correlations of Thiouracil Structures with Antithyroid 
Activities-The fact that uracil, the oxygen analog of thiouracil, has 
no antithyroid activity (26) demonstrates that a sulfur at the 2-posi- 
tion of the pyrimidine nucleus is needed to promote antithyroid ac- 
tivity. 


Substitution on the sulfur of 2-thiouracil abolishes its biological 
activity (27). The data of Table I, where 6-methyl-N,N’-diethyl-2- 
thiouracil had no or negligible activity at a higher dose level relative 
to those of the nonnitrogen substituted compounds, strongly indicate 
that the antithyroid activity of thiouracil compounds demands tau- 
tomerizable hydrogens on thiouracil nitrogens that can form ioniz- 
able sulfhydryl groups. 


Substitution of a nitrogen for the carbon at the 6-position of 2- 
thiothymine(5-methyl-2-thiouracil) gave 2-thio-6-azathymine, which 
had appreciable antithyroid activity (28). When the N-1 and N-3 
nitrogens of 2-thio-6-azathymine were substituted with methyl 
groups, all antithyroid activity was lost (28). This is consistent with 
the lack of antithyroid activity of 6-methyl-N,N’-diethyl-2-thioura- 
cil (Table I). 


Since thiouracils with alkyl substituted sulfur atoms and with 
nitrogen substituents that prohibit hydrogen transfers to form a 
thiol do not complex (1, 2) with the tested metal ions and do not 
have antithyroid activity, it is implied that complexation or the 
molecular parameters that control complexation are important to the 
antithyroid activity of thiouracils. It is consistent with this premise 
that the presence of an electronegative carboethoxy group at the 
5-position of thiouracil, which reduces the electron density at the 
sulfur, reduces the stability of metal complexes (1,2) and drastically 
reduces the antithyroid activity of 2-thiouracil(27). Other thiouracil 
derivatives substituted at the 5-position with electronegative groups 
also have reduced antithyroid activity. Such compounds are 5-cyano- 
2-thiouracil and 5-carboxy-2-thiouracil(27) and would be expected 
to reduce the electron density at the sulfur atom. The other 5- and/ 
or 6-alkyl substituted 2-thiouracils have similar pK’a values (1) 
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and similar biological activities, as estimated by the measurement of 
thyroid weight in rats on chronic administration of these substituted 
2-thiouracils (Reference 27 and Table I). 


A possible mechanism of antithyroid activity of thiouracils is by 
their oxidation to  the disulfide by iodine in the thyroid gland (27). 
Since oxidation is the loss of electrons, it would he expected that 
substituents which increase the electron density of sulfur would also 
increase the antithyroid activity. However, this increase in electron 
density is also what would be expected if complex formation were 
the mechanism. If we assume that either complexation or oxidation 
is the antithyroid mechanism of thiouracils, then the pK‘a values 
of the thiouracil acids, which are measures of the sulfur electron 
density, and the related log K, values for the complexes (1) could be 
used to predict the structure of thiouracil derivatives which have 
greatly enhanced antithyroid activity, provided that the solubilities 
and ability to cross biological membranes are of equivalent magni- 
tude in such a comparative series. 
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GLC Determination of Sulthiame in Plasma 


KEITH J. SIMONS and RENE H. LEVY’ 


Abstract 0 A GLC method is presented for the determination of 
sulthiame in plasma. A chloro derivative of sulthiame was syn- 
thesized for use as an internal standard. Bath compounds can he 
chromatographed directly without derivatization, the method being 
quantitative over the range 3-20 mcg. The utility of the procedure 


was demonstrated by its application to the determination of sul- 
thiame in the plasma of drug-treated rabbits and patients. 


Keyphrases 0 Sulthiame-GLC analysis in plasma 0 GLC- 
analysis, sulthiame in plasma 


Sulthiame (I) l ,  a sulfonamide derivative, was first 
synthesized by Helferich and Kleb (1) and was later 
found to have potent anticonvulsant properties (2). 


It is primarily used in Europe2 and Australia2 for treat- 
ment of psychomotor (temporal lobe) and, to a lesser 
degree, for major motor (grand mal) seizures. It is cur- 


1 The USAN ,chemical, name is p(tetrahydro-2H- 1.2-thiazin-2-yl)- * Ospolot, Farbenfabriken Bayer A.  G . :  Elisal, Specia RhGne- 
benzenesulfonainide. S,S-dioxide. Poulenc. 
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NOTES 


In Vitro Model for Studying Effects of 
Morphine and Nalorphine on 4'Ca-Ganglioside Binding 


S. GREENBERG*, F. P. J. DIECKET, and J. P. LONG*. 


Abstract 0 The characteristics of 45Ca-ganglioside (bovine) binding 
and the effects of morphine and the analgesic narcotic antagonist 
nalorphine on 45Ca-ganglioside binding were evaluated. Morphine, 
in concentrations equivalent to that found in the brain during an- 
algesia, decreased the binding of 45Ca to purified bovine ganglio- 
sides. Nalorphine exhibited a biphasic action on 45Ca-ganglioside 
binding. In low concentrations, nalorphine enhanced radiocalcium 
binding to gangliosides while high concentrations antagonized 45Ca 
binding. Nalorphine partially antagonized morphine-induced in- 
hibition of J5Ca-ganglioside binding. The results presented demon- 
strate that morphine alters the binding of calcium to a neuronal 
specific glycophospholipid, the ganglioside. An iiz citro model for 
studying morphine and nalorphine interactions with calcium bind- 
ing is presented. 


Keyphrases 0 Calcium (radiolabeled) binding to iir ci/ro bovine 
gangliosides-effects of morphine and nalorphine 0 T a  binding 
to in ritro bovine gangliosides-effects of morphine and nalor- 
phine 0 Nalorphine-erect on in citro 45Ca binding to bovine 
gangliosides 0 Morphine-effect on iii  oiiro "Ca binding to  bovine 
gangliosides Gangliosides (bovine)-iir ritro binding of radio- 
calcium, effects of morphine and nalorphine 


Kakunga et ul. ( I ) ,  Mu16 (2) ,  and other investigators 
reported that calcium ions antagonize the analgesic 
effects of morphine and that morphine and other nar- 
cotic analgesics affect radiocalcium phospholipid bind- 
ing. These investigators postulated that the narcotic 
analgesics compete with calcium for anionic binding 
sites on phospholipid molecules in  the neuronal mem- 
brane. Displacement of calcium from membrane bind- 
ing sites would lead to  changes in  membrane permeabil- 
i ty to other ions and result in alterations in electrolyte 
distribution within the neuron. 


Gangliosides are a group of acidic glycolipids found 
in membrane fractions of the cerebral cortex, medulla 
oblongata, thalamus, and other areas of the nervous 
system (3-5).  Gangliosides are functional membrane 
constituents and do  not merely contribute to the struc- 
tural conformation of the neuronal membrane (4). The 
electrical excitability of neurons can be inhibited by 
neutralizing their anionic sites with protaniine. Restora- 
tion of neuronal electrical excitability occurs after the 
addition of gangliosides. Gangliosides have been pos- 
tulated to be the ionic binding sites of neuronal mem- 
branes (6). In  addition, gangliosides may partake in 
other neuronal functions; Duel et al. (7) presented 
evidence suggesting that serotonin storage sites in  the 
brain may be a serotonin-metallic ion-ganglioside- 
energy complex. Morphine has been shown to release 
serotonin irz uivo (8, 9). The ability of morphine to  alter 


calcium binding and possibly to  release serotonin may 
be related to  an interaction of morphine with ganglio- 
sides. 


A simple direct method to  test the hypothesis that 
morphine may affect the calcium binding characteristics 
of gangliosides is to use commercially available ganglio- 
sides and determine the effect of morphine on the ability 
of this substance to  bind 45Ca. 


EXPERIMENTAL 


The methods used were similar t o  those described by Feinstein 
(10) and Quarles and Folch-Pi (1 1). Purified bovine gangliosides' 
were dissolved in one volume of distilled water t o  which 19 volumes 
of chloroform-methanol (2 : l  v/v) were added to  give a final 
ganglioside concentration of 1 mg./ml. Ten-milliliter aliquots of 
gangliosides were added to  test tubes containing 2 nil. of 1, 3, 
or 5 m M  CaCh and 45CaC12 (0.1 mc./mmole/l.) in distilled water. 
The tubes were mixed for 1 min. and centrifuged at  2500 r.p.m. 
for 10 min. This provided an upper aqueous phase and lower 
organic phase. Aliquots (1.0 ml.) from each phase were placed in 
planchets and evaporated overnight. The radioactivity in each 
phase was determined on a gas flow counter2 at constant self- 
absorption. The experiments were repeated with the addition of 
morphine hydrochloride (2.5 and 5.0 nicg.), nalorphine ( 2 . 5  and 
5.0 mcg.), and the combination of drugs to the test tube (in a volume 
not exceeding 0.01 ml.) prior to mixing. In all experiments, a blank 
solution containing only chloroform-methanol-water ( 6  : 3 : 1) 
was utilized. The data represent the quantity of radiocalcium bound 
to  the gangliosides in the organic phase and were compared with 
Student's paired t test (12). All data are expressed as counts per 
minute per milliliter of 45Ca per milligram of ganglioside. 


RESULTS AND DISCUSSION 


The system described by Quarles and Folch-Pi (1 1 )  was utilized 
rather than a solution containing physiologic concentrations of other 
ions because of the reported interaction of sodium, potassium, and 
perhaps magnesium with calcium-ganglioside binding. Any change 
observed could not have been attributed to a direct effect of mor- 
phine on 45Ca-binding but may have been due to  alterations in any 
of the other ions as well. It was decided, therefore, t o  eliminate 
this possibility and to test directly the effects of morphine on 4sCa- 
ganglioside binding with only morphine, calcium, and ganglioside 
present. This technique was also used by MulC (2). The same 
reasoning held for not using physiological pH. The concentrations 
of buffer (phosphate or tromethamine) could interact in this system. 


In the absence of gangliosides, W a  was present only in the 
aqueous phase. When gangliosides were present in the solution, 
radioactivity was found in the organic phase (Figs. 1A and IS). 
The uptake of tracer by the gangliosides was directly related to  the 
concentration of calcium in the aqueous phase. Approximately 52 


1 Sigma Co., type I11 purified. 
Beckman Wide Beta. 
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of the radiocalcium was bound to  gangliosides, demonstrating that 
the equilibrium appears to be in favor of the unbound or dissociated 
calcium ion. These results confirm the finding of Quarles and 
Folch-Pi (11) that gangliosides can combine with calcium, at  
physiological calcium concentrations, to form a water-insoluble 
stable complex. 


The negatively charged carboxyl groups of the sialic acid residues 
( 5 )  of the glycolipid gangliosides bind univalent and divalent cations. 
Electrical excitability of neurons can be blocked after the addition 
of positively charged substances, such as protamine, t o  brain prepa- 
rations. Electrical activity is restored upon the addition of gang- 
liosides. The effects of morphine appear t o  be dependent upon the 
presence of intact membranes. Therefore, many investigators have 
postulated that morphine interacts with the cell membrane to  alter 
the binding of calcium to membrane binding sites. Experimental 
evidence has demonstrated that narcotic analgesics will, in fact, 
alter the binding of calcium to phospholipid fractions of cell ho- 
mogenates (2). However, to our knowledge, evidence demonstrating 
an effect of morphine on the binding of calcium to  a neuronal 
specific phospholipid has not been reported previously. 


The data presented in Fig. 1A demonstrate that morphine re- 
duced the binding of 45Ca to  neuronal specific glycolipid gan- 
gliosides. This effect was concentration related. Nalorphine, an 
analgesic narcotic antagonist, exerted a biphasic effect on radio- 
calcium-ganglioside binding (Fig. 1B). This effect was only signifi- 
cant at a measurable calcium concentration of 3 mmoles. Nalor- 
phine in low concentrations enhanced 45Ca binding to  gangliosides, 
yet high concentrations depressed the calcium binding capacity 
of bovine gangliosides. If, as many investigators have postulated, 
the analgesic effect of narcotic analgesics is related to effects on 
ion binding, one would not be surprised to  encounter a biphasic 
effect with an analgesic narcotic antagonist. 


The effects of nalorphine in combination with morphine on W a -  
ganglioside binding are more difficult t o  interpret. If one postulates 
that morphine competitively displaces calcium from binding sites 
on gangliosides and nalorphine enhances binding, then the ob- 
servable effects should be the algebraic sum of the enhanced and 
depressed binding. This is not observed. A low concentration of 
nalorphine with respect t o  morphine (curve b of Fig. 1D) does not 
affect significantly ( p  > 0.05) the ability of morphine to depress 
45Ca-ganglioside binding at  physiological calcium concentrations. 
Equal concentrations of nalorphine with respect t o  morphine do 
not either affect or antagonize morphine-induced depression of 
45Ca-ganglioside binding (curve b, Fig. lC, and curve c, Fig. 1D). 
However, a high concentration of nalorphine with respect to mor- 
phine potentiates the ability of morphine to decrease 45Ca-ganglio- 
side binding (curve c, Fig. 1C). These results suggest that the in- 
teraction of morphine and nalorphine wth 45Ca-ganglioside binding 
is dependent not only on the relative concentrations of each narcotic 
but also on  the total concentration of narcotic and antagonist 
within the system studied. 


As stated, these results are difficult t o  interpret. However, if one 
postulates that the analgesic action of morphine is related to its 
ability t o  alter calcium binding to  neuronal constituents, these 
data can be interpreted as suggesting that narcotic antagonist re- 
versal may be more complex than merely antagonist displacement 
of morphine from binding sites. A second possibility is that the 
effect of morphine on 45Ca binding may not be related to its anal- 
gesic action. Inhibition of calcium transport from aqueous to  or- 
ganic phases is a common property of many centrally acting drugs 


(2 ) .  If, in fact, inhibition of facilitated calcium transport is only 
partly or indirectly related to the analgesic effects of morphine and 
other centrally acting agents, then to  what action of these com- 
pounds could one ascribe the effects on 45Ca binding? Morphine, 
as well as other centrally acting drugs, has been demonstrated to  
release serotonin and other transmitters in Giuo and in Gitro (8, 9). 
Alterations in the binding of calcium to membranes could ulti- 
mately alter the release of neurotransmitters. Therefore, decreased 
calcium binding or transport could represent the serotonin or 
biogenic amine releasing properties of morphine which could 
induce, modify, or have no relation to  the analgesic effects of 
morphine. 


The data presented in this report cannot resolve the postulates 
concerning the effect of morphine on 45Ca binding. However, the 
data do demonstrate, for the first time, the ability of morphine to  
depress 45Ca binding to a neuronal specific glycophospholipid, the 
ganglioside. Studies that measure the calcium binding characteristics 
of endogenous gangliosides in the presence and absence of mor- 
phine analgesia must be performed if the significance of this effect 
is to be ascertained. Our laboratory is not equipped to  perform 
ganglioside isolation. In writing this short note, it is our intention 
and hope that some investigator in the field may utilize our sugges- 
tions and determine whether or not this reported effect of mor- 
phine with 45Ca-ganglioside binding has a pharmacological counter- 
part in uiuo. 
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Practical Preparation of Coralyne Chloride 


KWANG YUEN ZEE-CHENG and C. C. CHENG' 


Abstract Coralyne chloride was prepared by a convenient process 
which can be adapted to large-scale synthesis of this antileukemic 
alkaloid. 


Keyphrases 0 Coralyne chloride-procedure adaptable for large- 
scale synthesis 0 Antileukemic alkaloids-process for the large- 
scale synthesis of coralyne chloride 


Although berbinium salts and related compounds 
have been known for a long time, studies on their cyto- 
toxic effects and neoplasm inhibitory action have only 
been reported during the last decade (1, 2). Among 
the berbinium salts, coralyne chloride (I, 5,6,7,8,- 
13,13a - hexadehydro - 8 - methyl - 2,3,10,11 - tetra- 
methoxyberbinium chloride or 8-methyl-2,3,10,1 l-tetra- 
methoxydibenzo[n,g]quinolizinium chloride), was found 
to  possess antileukemic activity against both the 
P-388 and L-1210 strains'. 


In connection with the search for a practical, large- 
scale synthesis of this alkaloid, existing methods for the 
synthesis of coralyne and related compounds (3-25) 
were examined and modified, and a convenient prep- 
aration of coralyne chloride has now been realized. 
This compound can be prepared in five steps from 
commercially available materials in 56 % overall yield. 
Certain intermediates and the final product were also 
properly characterized. 


DISCUSSION 


Condensation of @-(3,4-dimethoxyphenyl)ethylamine (homovera- 
trylamine) (5) with (3,4-dimethoxyphenyl)acetyl chloride (prepared 
by the treatment of homoveratric acid with thionyl chloride) in 
base gave 95 % yield of N-(3,4-dimethoxyphenethyl)-2-(3,4-dimeth- 
oxypheny1)acetamide (II), m.p. 123-125". Cyclization of I1 t o  
1 - (3,4 - dimethoxybenzyl) - 6,7 - dimethoxy - 3,4 - dihydroiso- 
quinoline (111) was smoothly carried out in 87% yield with phos- 
phorus pentachloride in chloroform. This method was preferred 
rather than the conventional phosphorus oxychloride condensation 
since the yield was higher and the desired product was more readily 
isolated and purified. Aromatization of 111 with 10% palladium- 
on-charcoal in tetralin readily afforded 1-(3,4-dimethoxybenzyI)- 
6,7-dimethoxyisoquinoline (IV, papaverine) in 82% yield. This was 
cyclized in 83% yield in a mixture of sulfuric acid and acetic an- 
hydride to  form the sulfoacetate of coralyne (V). The latter was 
quantitatively converted into coralyne chloride (I) by means of 
sodium chloride (Scheme I). 


EXPERIMENTAL 


N-(3,4-Dimethoxyphenethyl)- 2 - (3,4 - dimethoxypheny1)acetamide 
(11)-To a stirred solution of 39.2 g. (0.20 mole) of homoveratric 
acid [(3,4-dimethoxyphenyl)acetic acid] (5, 26) in 250 ml. of dry 
chloroform (molecular sieve 4A) was added dropwise, with ice 
cooling, 72 g. (0.61 mole) of thionyl chloride. The reaction mixture 
was heated between 45 and 50" on a water bath for 2 hr., after 
which it was allowed to stand overnight a t  room temperature. 
The solvent and excess thionyl chloride were removed under reduced 


pressure a t  <50°. The resulting residue (about 44 g. of the acid 
chloride) was dissolved in 600 ml. of anhydrous ether. The solution 
was then added dropwise, under nitrogen with ice cooling, to a 
stirring mixture of 44 g. (0.24 mole) of homoveratrylamine [p- 
(3,4-dimethoxyphenyl)ethylamine] (5) in 900 ml. of aqueous 1 N 
KOH and 200 ml. of ether. The addition took approximately 20 
min. The reaction mixture was stirred continuously in an ice bath 
for 3 hr. The resulting solid was collected by filtration and washed 
thoroughly with 3 X 100 ml. of water. It was dried in vaciio t o  give 
69.2 g. (95% yield) of 11, m.p. 122-124", sufficiently pure for use 
in the next step. Recrystallization of 1.5 g. of the crude product from 
a mixture of 20 ml. of ethanol and 40 ml. of water gave 1.2 g. of 
analytically pure product, m.p. 123-125" [lit. (5) m.p. 124"l; 
XF:H: 233 (log t 4.16) and 277 nm. (log E 4.08). 


Anal.-Calc. for CzoH2,N05: C, 66.83; H, 7.02; N, 3.90. 
Found: C, 67.02; H, 7.02; N, 3.86. 
1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy - 3,4 - dihydroisoquinoline 


(111)-A solution of 44 g. (0.122 mole) of I1 in 320 ml. of dry chloro- 
form was slowly added (about 15 min.), under nitrogen with ice 
cooling, t o  a stirred suspension of 52 g. (0.25 mole) of phosphorus 
pentachloride in 150 ml. of dry chloroform. After the addition was 
complete, the mixture was stirred in an ice bath for 2 hr., yielding a 
light-brown solution. It was allowed to stir continuously a t  room 
temperature for 2 days under nitrogen while protected from mois- 
ture. The hydrochloride salt of the product started to precipitate 
after several hours. The mixture was then diluted with 800 ml. of 
anhydrous ether, and the salt was collected by filtration. It was 
washed with 2 X 300 ml. of ether and dried in L~UCUO to give 60 g. 
of crude product. 


One-half of this amount (30 g.) was dissolved in 300 ml. ofchloro- 
form and filtered into 1200 ml. of ether while stirring in an  ice bath. 
The white hydrochloride salt of the dihydroisoquinoline was col- 
lected by filtration, washed with 2 X 80 ml. of ether, and dried to 
give 20 g. (87% yield) of the purified hydrochloride salt of 111, 
m.p. 178-180"; XE2H: 236 (log e 4.26), 306 (log e 3.98), and 360 
nm. (log e 3.94). 


And-Calc. for C ~ O H ~ ~ N O ~ . H C I :  C, 63.57; H, 6.40; N, 
3.71. Found: C ,  63.22; H, 6.57; N, 3.67. 


The remaining half (30 g.) of the crude product was suspended in 
400 ml. of ice water. The pH of the mixture was adjusted to  8 with 
100 ml. of 25% aqueous ammonia, and the mixture was extracted 
with 5 X 350 ml. of chloroform. The extract was washed with 4 X 
150 ml. of water and dried (potassium carbonate). Chloroform was 
then removed in vacuo t o  yield 18 g. of the free base, 111, m.p. 
100-110" [lit. (5) m.p. 105O]. This was used for the following de- 
hydrogenation process without further purification. Since the free 
base is readily oxidizable to an aminoketone, exposure of the free 
base in air should be avoided as much as possible. The product 
should be stored under nitrogen or another inert atmosphere. 
1-(3,4-Dimethoxybenzyl)-6,7-dimethoxyisoquinoline (1V)-Under 


a stream of dry nitrogen, a stirred mixture of 18 g. (0.053 mole) 
of the aforementioned free base I I l  and 4 g. of 10% pafladium-on- 
charcoal in 60 ml. of freshly distilled tetralin was heated in an oil 
bath a t  220-230" for 3 hr. (The reaction flask was fitted with an air 


bCH, 
I 1 Dr. Harry B. Wood, Jr., personal communication. 
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condenser, and the latter was connected to a drying tube.) The 
reaction mixture was cooled to  approximately 160-180", and the 
catalyst was separated by filtration under nitrogen. The original 
reaction flask and the catalyst were rinsed and washed with 2 X 25 
ml. of ethanol, and the washings were combined with the cooled 
filtrate. With cooling and stirring, the mixture was acidified to pH 
1 with 40 ml. of 29% ethanolic hydrogen chloride. The resulting 
dark-brown mixture was filtered, and the filtrate was quickly added 
to 1200 ml. of ether with stirring. The precipitated salt of the iso- 
quinoline was collected by filtration, washed with 2 X 100 ml. of 
anhydrous ether, and dried to give 16.3 g. (82% yield) of the hydro- 
chloride salt of IV, m.p. 222-224" dec. [lit. (5) m.p. 231"; lit. (27) 
m.p. 225-226"]; X Z H :  239 (log e 4.68), 280 (log e 3.86), 311 
(log e 3.81), and 326 nm. (loge 3.81); XfloH: 252nm. (loge 4.49). 


Coralyne Sulfoacetate (V)-To 36 ml. of acetic anhydride was 
added dropwise, with stirring, 7.2 ml. of concentrated sulfuric acid. 
The mixture was heated a t  80-90" until a red-wine color was noted 
(about 10 min.). To this was added 9 g. of 1V. The resulting dark- 
brown solution was heated at 85-90' on a water bath until solids 
started to appear (about 30 min.). The mixture was then cooled 
and to it was slowly added, with stirring, 150 ml. of methanol. 
Stirring was continued for 20 min. following the addition. The mix- 
ture was chilled in an ice bath for 30 min. and the solid product 
was collected by filtration. The product was washed with 2 X 20 
ml. of methanol and 2 X 50 ml. of ether and dried to give 9.1 g. 
( 7 6 z  yield) of bright-yellow crystals, m.p. 278-280". An additional 
1 g. was isolated from the mother liquor after standing to  raise 
the total yield to  83%. An analytical sample was prepared by re- 
crystallization from methanol, m.p. 278-280" [lit. (4) m.p. 277'1; 
X z2H: 220 (log e 4.39), 233 (log e 4.37), 243 (log e 4.32), 286 (log c 
4.59), 300 (log e 4.74), 310 (log e 4.78), 326 (log e 4.66), 361 (log e 
3.94), 405 (log E 4.17), and 425 nm. (log e 4.29); IR: 1735 crn.-I 
(acetate carbonyl); NMR (CF3C02H): 7 1.62 (Is, HI), 2.30 (Is, 


(Is, H12), 0.63 (15, HI3), and 5.71 and 5.80 (6d, OCH3); J Ha,HB 
= 8 Hz.; m/e 363 (M+-C2H4SO5). 


Atid-Calc. for CzBzaNOgS: C, 57.25; H, 5.00; N, 2.78. 
Found: C, 57.52; H,4.82; N, 2.98. 


Coralyne Chloride (1)-To a stirred yellow solution of 3 g. of V 
in 250 ml. of water was added 300 ml. of 10% sodium chloride. 
Fine, yellow crystals of the chloride I gradually separated from the 
stirring mixture. After 2 hr. of stirring and cooling, the product 
was collected by filtration and washed with 2 X 10 ml. of dilute 


H4), 2.00 (Id, Hs), 1.20 (Id, He,). 6.53 ( 3 ~ ,  CH3), 2.14 (IS, Hg), 2.40 


salt solution followed by 2 X 50 ml. of ether. After drying a t  100" 
in uacuo, 2.5 g. (approximately 100% yield) of I was obtained, m.p. 
248-250" dec. (At about 240°, the color of the solid changed from 
yellow to red.) An analytical sample was prepared by either: (a) 
dissolving 0.1 g. of the product in 100 ml. of water and reprecipitat- 
ing it with 5 ml. of 15% hydrochloric acid, or (b) recrystallization 
of 0.1 g. of product from 80 ml. of ethanol, m.p. 250-252". The 
IR of this compound did not show the acetate carbonyl peak at 
1735 cm.-l; X ZzH: 234 (log c 4.36), 241 (log e 4.32), 284 (log e 
4.46), 300 (log e 4.72), 310 (log e 4.77), 325 (log e 4.66), 360 (log t 
3.84), 405 (log e 4.17), and 425 nm. (log E 4.28). 


Anal.-Calc. for G2H22C1N04. IlzH20: C, 64.62; H,  5.70; 
N, 3.43. Found: C, 64.35; H, 5.57; N, 3.25. 


The melting-point, IR, UV, and NMR characteristics of this 
compound were found to  be identical with those of the plant 
product provided by the National Cancer Institute. 
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Synthesis of Acyl Dihydroxyacetone Phosphates and 
Related Derivatives 


CLAUDE PIANTADOSI*A, KUN CHAE*, KHALID S. ISHAQ*, and FRED SNYDERt 


Abstract 0 The chemical syntheses of I-0-palmitoyl- and 1-0- 
acetyl-2,2-dirnethoxypropane-3-phosphate cyclohexylammonium 
salt and I-O-palmitoyl-2,2-dimethoxypropane-3-O-phosph,oryl- 
ethanolamine are reported. The acyl dihydroxyacetone phosphates 
can serve as intermediates in the pathway for the biosynthesis of 
phosphatidic acid, phosphatidylcholine, phosphatidylethanolarnine, 
and alkyl glycerolipids. 


Keyphrases 0 Acyl dihydroxyacetone phosphates and related 
derivatives-synthesis for use as biosynthesis intermediates 0 
Dihydroxyacetone phosphates (acyl) and related derivatives- 
synthesis for use as biosynthesis intermediates 
- 


Studies directed toward the chemical synthesis of 
0-alkyl dihydroxyacetone and its derivatives were 
reported by Piantadosi et al. (1,2). In  a series of papers, 
Snyder et 01. (3-6) and Wykle and Snyder (7,8) reported 
studies on a sequence of reactions involved in the bio- 
synthetic pathway for 0-alkyl glycerolipids in which 
dihydroxyacetone phosphate was an obligatory pre- 
cursor. Other investigators (9, 10) also demonstrated the 
presence of the 0-alkyl ether-synthesizing enzymes in 
other systems. In 1970, Snyder et al. (4) isolated and 
described a microsomal enzymic system from Ehrlich 
ascites cells which, in  the cell-free system, is capable of 
synthesizing 0-alk- 1 -enyl glycerolipids (plasmalogens). 


DISCUSSION 


In a continuation of this research, we now report on synthetic 
studies involving the acyl analog, which is an important intermediate 
in the biosynthetic scheme. Acyl dihydroxyacetone phosphate was 
characterized by Hajra and Agranoff (11) and found to  occur in 
guinea pig liver. It is formed (12) enzymatically by acylation of di- 
hydroxyacetone phosphate in the presence of acyl CoA, ATP, and 
Mgfz as cofactors. This keto intermediate can then be reduced in 


mitochondria by NADPH (13)  and further acylated to form phos- 
phatidic acid. Agranoff and Hajra (14) also reported on the parti- 
cipation of the acyl dihydroxyacetone phosphate pathway in 
mouse liver and Ehrlich ascites tumor cells, and they suggested 
that this pathway plays an important role in these cells. Further- 
more, Hajra (9) and Wykle et a/ .  (15) found that acyl dihydroxy- 
acetone serves as a precursor of 0-alkyl glycerolipids. 


In this paper, we describe the complete chemical synthesis of 
acyl dihydroxyacetone phosphates which is based on an earlier 
procedure (2) used for the synthesis of 1-0-alkyl iihydroxyacetone 
derivatives. The cyclohexylammonium salts of l-O-palmitoyl-2,2- 
dimethoxypropane-3-phosphate (VIII, Scheme I), I-O-acetyl-2,2- 
dimethoxypropane-3-phosphate (XII, Scheme 11), and 1-0-palmi- 
toy1 - 2,2 - dimethoxypropane - 3 - phosphorylethanolamine (XVI, 
Scheme 111) were prepared. In the synthesis of palmitoyl deriva- 
tives (VIII and XVI), 3-0-benzylglycerol (Compound I) was used 
as the starting material. Compound I was acylated with palmitoyl 
chloride in the presence of pyridine at  -20", resulting in a crude 
mixture of I1 which contained over 7 0 z  of the monopalmitoyl 
derivative as determined by TLC. The Compound I1 mixture was 
then subjected t o  the Pfitzner-Moffatt (16) oxidation to  111 in a 
solution of dicyclohexylcarbodiimide-dimethyl sulfoxide, con- 
taining a proton source such as pyridinium phosphate or pyridinium 
trifluoroacetate, in a manner similar t o  that described by Hartman 
(17) for the synthesis of 3-haloacetol phosphates. In this oxidation 
reaction, dimethyl sulfoxide is converted into a labile intermediate 
which facilitates the attack at  the sulfur atom by the 0-hydroxy 
group of benzylglycerol. Trifluoroacetic acid was used to initiate 
the reaction, while dicyclohexylcarbodiimide was used as a polar- 
izing agent (2). 


The keto compound, 111, was ketalized to  IV, which was de- 
benzylated with palladium black to  V. Compound V was phos- 
phorylated with diphenyl chlorophosphate to  VI and then treated 
with platinum oxide to  remove the phenyl groups resulting in VII. 
Compound VII was subsequently treated with cyclohexylamine and 
isolated as the salt, VIII. 


Compound V was also phosphorylated with phenyl phosphorodi- 
chloridate (Scheme 111) t o  XIII, which was then reacted with carbo- 
benzoxyethanolamine, resulting in XV. The protecting groups were 
removed by hydrogenation with platinum oxide and palladium 
black at  room temperature t o  XVI. The acetyl derivative (IX), 
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Role of Drug Metabolism in Drug Research and Development: 
Basic Considerations 


JOHN E. BAER 


Abstract !J Data from the rapid systematic study of the fate of a new 
drug in rats and dogs can aid the design of pharmacological and 
safety tests and can provide a basis for biopharmaceutic and Phase I 
clinical trials. 


Keyphrases Drug metabolism-role in drug research and de- 
velopment, symposium Biopharmaceutics-drug metabolism in 
rats and dogs, design of pharmacological and safety tests 0 Metab- 
olism, drug-species dependence, design of pharmacological and 
safety tests 


Drug metabolism has become a science in recent 
years, with its own body of knowledge and technical 
skills. The generalizations, facts, and techniques of this 
new science can be utilized in the development of new 
and better drugs. 


The isolation of drug-related substances in urine has 
long attracted the attention of medically oriented 
chemists. However, drug metabolism is more than a 
recital of metabolites of various drugs isolated from the 
urine of various species. Williams (l), in his classic 
book, “Detoxication Mechanisms,” gave a systematic 
classification of numerous chemical transformations that 
can occur in the body. He emphasized that these reac- 
tions usually produce less toxic, more water-soluble, 
and readily excretable substances. 


Other generalizations about the fate of foreign com- 
pounds in the body have evolved from the studies of 
their absorption, excretion, and storage as well as their 
metabolic conversion. Fundamental studies on the role 
of liver microsomal enzymes on drug metabolism and on 
intestinal transport, renal elimination, and distribution 
of drugs among tissue compartments were summarized 
in recent reviews and treatises (2-6). 


Essential to  the science of drug metabolism are 
qualitative and quantitative techniques for the detection 
and determination of very small amounts of drugs (and 
their metabolites) in complex biological mixtures. 
Extraction, column chromatography, ion exchange, 
TLC, high pressure liquid chromatography, GC, and 
even electrophoresis and gel chromatography have been 
used. A specific sensitive quantitative analytical method 
is essential to a thorough investigation of the fate of a 
drug, yet nonspecific methods that may measure the 
drug and its metabolites are also important and informa- 
tive (7-9). 


APPLICATION TO DESIGN OF DRUGS 


Drug metabolism concepts are used by the modern medicinal 
chemist in the design of members of the chemical series in which he 
works. In several series, it has been shown that the pKa and the 
lipid solubility of a compound influence its transport across mem- 
branes. Accordingly, he will include in his plan some congeners 


with varying degrees of acidity (basicity) and others with high and 
low partition coefficients as determined in octanol-pH 7 buffer 
solutions. He will make some congeners in which “metabolizable” 
sites are blocked. He will relate the metabolic characteristics of the 
drug to  the target organ. Thus, water-soluble compounds may 
rapidly reach the kidneys (a desirable feature for diuretics), lipid- 
soluble compounds may have an affinity for the brain (a desirable 
attribute for CNS drugs), and compounds that readily conjugate 
with glucuronic acid may be removed by the liver and eliminated in 
the bile. 


SELECTION AMONG CONGENERS 


Several congeners may be equally active in the pharmacological 
screening tests, and a basis must be found to narrow the selection 
for the intensive study of a smaller number of agents or even to 
select a single “most probable” candidate. Drug metabolism con- 
siderations of the kind described in the previous section may be 
applied to ensure that representative congeners are selected. Pre- 
liminary drug metabolism studies may be made at this stage to  
help in the selection process. Compounds may be tested for their 
relative ease of metabolism in rabbit liver homogenates in uitru. 
These results may be informative but should be extrapolated with 
extreme caution to metabolic events that may be expected in uiuu. 


Cragoe et al. (10) in these laboratories made a large number of 
pyrazine diuretics which contained substituted amine groups. 
Many analogs were very active in the rat (Table I). Some basis was 
required to limit the number of analogs that were to be tested more 
intensively. TLC of urine from the rats showed that many of the 
simple alkyl analogs were at least partially dealkylated to the un- 
substituted amine. This unsubstituted amine was, therefore, selected 
as one of two candidates for further intensive study. This com- 
pound went into trial in man and is now in clinical use as the 
potassium-sparing diuretic, amiloride. 


SELECTION OF SPECIES FOR 
PHARMACOLOGICAL TESTS 


When two screening tests are performed in two different species, 
the structureactivity correlations in a series of compounds may be 
inconsistent. Drug metabolism considerations may be applied to 
clarify such findings. Likewise, when an active compound is inactive 
in a “second-line” test in a new species, one should consider that 
the compound may be handled in different ways, metabolically, in 
the two species. Sometimes an analytical procedure can be readily 


Table I-Diuretic Activity of N-Alkyl Analogs of 
Amiloride in the Ratn 


Diuretic 
Rz Activity 


H 


H 
H 
H 
CH, 


H 


+3  
+ 3  
+ 3  
+3  
+4 
+ 3  
+4 


a Reference 10. 
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Figure 1-The rapid decrease in plasma indomethacin (specific chemi- 
cal assay) in the guinea pig is mirrored by accumulation of drug in 
tissue (“C) .  A t  120 min., tissrre-plasma 14C-ratios were: rat liver, 
0.5; rat muscle, 0.06; guinea pig liver, 9.7; and guinea pig muscle, 0.5 
( 1 0 .  


devised that will show qualitatively whether the same metabolites 
are excreted in both species (as by TLC of a urine extract). 


If a preliminary quantitative analytical procedure can be quickly 
devised, it may show marked differences in the plasma concentration 
when the same dose of drug is given to different species. This may 
permit the selection of the “most suitable species,” i.e., the species in 
which pharmacological effects and drug levels show reasonably good 
correlation. It is not always known, especially at  an early stage, 
whether the concentration of drug at  the hypothetical “receptor 
site” is more accurately reflected by the plasma levels or by the 
tissue level. When a marked disparity between plasma level in two 
species exists, however, it can provide an explanation for inter- 
species differences in pharmacological activity. The plasma level of 
indomethacin is much greater in rats than in guinea pigs at  the 
same dose (Fig. 1). From these dissimilar plasma level patterns, 
one would surmise that the guinea pig rapidly sequesters the drug in 
his tissues; in fact, tissue-plasma ratios in the guinea pig are much 
greater than those in the rat (11). The experiment has not been 
done, but it would be surprising if the same dose of indomethacin 
were to  have an equal anti-inflammatory response in these two 
species of rodent: if tissue levels determined activity, the guinea pig 
would be more responsive and if plasma levels reflected concen- 
tration of drug at  active sites, the rat would be more responsive. 


EARLY ABSORPTION TESTS 


Once a compound has been selected for serious consideration, a 
rapid systematic study of its fate in standard laboratory species can 
yield data that will help toxicologists and pharmacists. Where 
possible, we have prepared a labeled compound at  an early stage 
and have measured total radioactivity in rats and dogs following 
intravenous and oral administration of the compound. From such 
data, one can determine whether the drug is well absorbed in both 
species, the rate of elimination from the body, and the probability of 
storage in body compartments. The toxicologists may use such 
information to establish dose levels and dosage schedules for 
chronic studies. The pharmacists can deduce preliminary pharmaco- 
kinetic data on absorption and elimination constants. Such con- 
siderations will influence the design of subsequent bioavailability 
studies: the timing of sample collections, the size of dose to  be given, 
and perhaps the species to be preferred for animal bioavailability 
work. 


The idealized cases shown in Fig. 2 illustrate inferences that can 
be drawn from plasma level data. The highest plasma levels are 
produced by drugs that remain in the plasma until they are elimi- 
nated. I f  the drug is only slowly metabolized or excreted, the con- 
centration falls slowly. If plasma levels are moderate, the drug is 


100 L 


- 
E 


E 
2 10 7 


a :  
5 
4 


U 


a 


1 DRUG 10ma/Ka I.V. 


i K 


L S E Q U E S T E R E D  IN TISSUE 


0 1 2 3 4 5 6 
HOURS 


Figure 2-In the initial phase, the concentration of a drug in plasma 
is determined by its distribution within the body. A drug tliai is stored 
in tissue may be released slowly and have a long plasma Aalfilife. 


probably distributed into other body compartments. If the plasma 
levels are low, drug (or metabolites) is concentrated in tissue and may 
be slowly released to the circulation and slowly excreted over a long 
period of time. Mepiperphenidol is an example of such a compound; 
the kidneys can handle the drug very efficiently, yet it requires up to 
48 hr. for an intravenous dose of 2 mg./kg. to be excreted in the 
urine(l2). 


Comparison of the plasma levels after oral and intravenous 
administration of a drug will often indicate whether the drug is well 
absorbed. Conclusions based solely on excretion of radioactivity 
(or of drug) in urine may be misleading. For example, in the dog less 
than 10% of an oral dose of indomethacin is excreted in the urine, 
falsely indicating poor absorption (Table 11). However, plasma levels 
are higher after an oral dose than after an intravenous one (Fig. 3), 
showing that the drug is actually well absorbed in the dog. Reference 
to the fecal elimination shows that 83% of an intracenous dose 
appears in the feces. This disparity is a consequence of the unusual 
ability of the dog to  eliminate indomethacin (principally as its 
glucuronide) in the bile. Biliary secretion and enterohepatic circu- 
lation may be important metabolic pathways, and this should be 
kept in mind until their exact significance is specifically determined 
for the species under consideration. 


STUDIES RELATING TO SAFETY 


Differences in drug metabolism in different species may be 
important in interpreting toxicology data. To this end, some 


Table 11-Elimination of 14C by Various Species following Single 
Doses of 10 mg./kg. of Indomethacin by Various Routesa 


Percent “C-Dose Excreted 
Urine Feces Bileb 


Species Route 12 hr. 12 hr. 6 hr. 


1 . 2  82.9 55.9 Intravenous 


Intravenous 51 .l 45.3 (25)c 
Oral 44.9 41.1 


Oral 3 . 2  - 
Dog 


Rat 


Intravenous 65.4 34.6 63 .4  
Oral 5 7 . 7  31.3 


Guinea pig 


63.8 18.8 47.9 Monkey Oral 
Mand Intravenous 64.2 34.9 - 


Oral 59.0 31.8 


* Reference I I and unpublished observations. b Separate experiments 
were performed to determine biliary excretion. The interspecies differ- 
ences in composition of the ‘C-substances are under continumg study. 
c 1 mg./kg. s.c.; 2-hr. sample. d -0.5 mg./kg.; 48-hr. urine, 96-hr. stool. 
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Table 111-Slow Elimination by Man of a Compound, Halofenate, 
that is Extensively and Firmly Bound to Plasma Protein 


_ _ _ _ ~ ~ _ _ _ _  ~ ~ ~~ ~ 


F Percent of Oral Dose Excreted 7 


--Subject 1-- --Subject 2-- --Subject 3 - 7  
Hours Urine Feces Urine Feces Urine Feces 


- 2.0  - 
- 2 . 9  - 


4 2 . 9  - 2 . 5  
8 3.7 - 3 . 9  


- 12 3 .2  - 4 . 2  - 2 . 0  
24 7 . 2  8 7 . 2  26 6 .1  
48 8 . 9  - 7 . 3  7 8 .9  6 


- 


72 13.0 12 7 . 3  - 12.7 6 
96 5 . 5  3 2 . 3  2 6 . 1  2 


120 4 . 7  1 1 . 7  1 3 .7  1 
144 3 . 5  - 1 .7  - 3 . 4  1 
Total 56.2 24 37.0 36 48.7 16 


qualitative and quantitative data should be obtained on the fate of 
the drug in the species selected for chronic toxicity studies. This 
may be accomplished in a preliminary way by comparing the 
behavior of the labeled material in urines of the different species as 
they are subjected to sequential extraction, TLC, two-dimensional 
radioautography, or other separation techniques. 


Equally important, preliminary information in man on the fate of 
the drug should be obtained at as early a stage as possible in the 
development of the compound. If, as is often the case, there is no 
obvious difference in the fate of the drug in rat, dog, and man, one 
can be more confident in extrapolating the pharmacological and 
toxicological data from animals to man as Phase I studies proceed. 


If the species differences exist, timely modifications in the design 
of chronic toxicity studies can often be made, and clinical protocols 
may be modified appropriately. 


Drug metabolism studies can contribute to a prediction of 
possible drug interactions. The extent of binding of the drug to 
plasma protein can be readily measured; if it is highly bound, it may 
displace other drugs in uioo, increasing their effective concentration, 
as with certain anticoagulants. The ability of the compound to 
depress the metabolism of other drugs can be measured, as by 
observing whether the drug increases the plasma half-life of anti- 
pyrine. The drug may also, upon repeated administration, stimulate 
or “induce” drug-metabolizing enzymes, leading to a shortened 
effective duration of drugs that are so metabolized. 


Highly bound drugs may be eliminated slowly over many days 
(Table 111). Halofenate is actually secreted by the kidney, but the 
effective “free” concentration of drug is so low, in milligrams per 
milliliter, that very little drug is eliminated per unit time and the 
half-life in plasma is >24 hr. in man (13, 14). 


ANALYTICAL METHODOLOGY 


Development of quantitative analytical methods for measuring 
drugs in biological fluids is an essential function of the drug metabo- 
lism scientist. As medicinal chemists have devised compounds of 
greater potency, the ingenuity of drug metabolism workers to 
develop sensitive methods has been severely tested. Colorimetry and 
UV spectrometry have been supplemented by fluorometry, flame 
ionization, and electron-capture gas chromatography and more 
recently by reverse isotope dilution and radioimmunoassay tech- 
niques. Levels of less than 10 ng./ml. of plasma can be measured in 
some cases using these techniques. The distinctive utility of specific 
methods (for drug alone) or nonspecific methods (drugs plus 
metabolites) should be recognized. Specific methods are needed for 
pharmacokinetic studies; nonspecific methods lend themselves to 
balance studies. Having devised such methods, the drug metabo- 
lism worker will doubtless find his skill in demand in the support of 
bioavailability studies as final formulations of the drug are made 
available. 


ISOLATION OF METABOLITES 


Concurrently, the drug metabolism worker will make a pre- 
liminary effort to isolate and characterize the major metabolites 
that may be present in urine, plasma, or feces. At this stage, the 
medicinal synthetic chemist may be asked to synthesize an authentic 
sample of the metabolite. Shen and Rugianesi (15) were thus im- 


100 I NDOMETHACIN 
DOG 
10 mg/Kg 


I F  
F. 0 1 2 3 4 5 6 
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Figure 3-Comparison of  plasma concentratiom of drug after oral or 
intravenous ndministration of 10 mg./kg. o J indomethacin indicates 
rapid arid complete oral absorption of iiidomerltacin by the dog ( 1  1) .  


pelled to devise a procedure for the synthesis of acyl glucuronides. 
As an incentive, there is the hope, not always fulfilled, that the 
metabolite itself will be biologically active. An additional bonus 
may be the detection of a novel metabolic pathway previously not 
recognized to exist (16). 


It. does not seem necessary or useful to isolate and characterize 
absolutely all of the urinary metabolites of a drug. Of more theoreti- 
cal importance is the goal of determining the concentration of a 
drug or metabolite at the pharmacological receptor site and the 
correlation of concentration with activity. 


EXTENDED STUDIES 


Species differences with respect to metabolism may exist and may 
be of interest, but the relevance of these data to safety or efficacy in 
man may not be clear even after considerable effort. As an example, 
the species variation with respect to intestinal irritancy of indo- 
methacin has not yet been elucidated by drug metabolism studies, 
even though the drug has been in clinical use since 1965. Studies 
that continue in this area must be classified as long term and 
fundamental in nature. 


Early safety studies with indomethacin gave evidence of intestinal 
(as distinct from gastric) lesions in the rat at low doses. The rhesus 
monkey, guinea pig, and rabbit did not show such lesions even at 
moderately high repeated doses. In the dog and the rat, intestinal 
lesion occurrence was clearly dose related. The human is less 
sensitive in this respect than the rat or dog. In all species studied, 
drug-related material appeared in the bile (Table IT). Even though 
the bile was the sole route of elimination of I4C in the dog but not 
in the rat, this was not reflected in the magnitude of the minimal 
dose that produced the lesion in the two species. 


Hucker et al. (11) showed that the principal drug-related com- 
ponent in the bile of the dog is indomethacin glucuronide. In an 
elegant series of experiments, he showed that 50% of the glucuronide 
was reabsorbed by the small intestine, undergoing hydrolysis to 
indomethacin. The reabsorbed indomethacin, in turn, was con- 
jugated by the liver and resecreted in the bile. The intestinal lesions 
seemed to be related to the direct application of drug- (or metabo- 
lite-) containing bile to the mucosal surface of the small intestine. 
Dogs that received moderate or large doses of indomethacin in- 
travenously or by rectal suppository developed small intestinal 
lesions even though no drug was ingested. In addition, Brodie et at. 
(17) showed that bile duct ligation in rats completely prevented the 
intestinal lesions, even when the drug was given orally at a dose 
(12 mg./kg.) that would be expected to give 100% incidence of 
lesions in normal rats. Thus, the evidence favors the existence in 
dog and rat bile of a component that can cause the lesions. The 
known metabolites were much less toxic than indomethacin for the 
rat, chronic doses as high as 20 mg./kg./day being without effect in 
the GI tract. 
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Duggan et al. (18) and Hogans et al. (19) continued to investigate 
the composition and kinetics of the indomethacin metabolites in 
various species. Indomethacin is demethylated to I-(p-chloro- 
benzoy1)-5-hydroxy-2-methylindole-3-acetic acid and is also de- 
acylated to 5-methoxy-2-methylindole-3-acetic acid; the latter 
pathway is predominant in the rat but not in man. The concentra- 
tion of unconjugated unchanged indomethacin is relatively high in 
the bile of rats, although the bile contains substantial free glucuronic 
acid as well as the glucuronides of the parent drug and of its me- 
tabolites. In the guinea pig, half of the drug-related radioactivity in 
the bile has not been characterized chemically; preliminary data 
suggest that this reflects a “detoxication mechanism” with respect to 
intestinal ulceration in the rodent. The concentration of free indo- 
methacin in dog bile is very low; data on the concentration of drug 
or metabolites in human bile are fragmentary to date but suggest 
that little free indomethacin is present. The occurrence of lesions 
quite possibly depends on unchanged indomethacin, in bile, applied 
to the duodenal mucosa in appropriate concentration. Although 
much information has been obtained about indomethacin, its 
enterohepatic circulation, and its metabolism to date, additional 
studies are still required to verify the hypothesis. 


ANCILLARY DATA 


In support of a new drug application, a section on drug metabo- 
lism is submitted. The basic premise is that such information will 
aid the evaluation of the safety and efficacy of the drug in human 
medicine. Experiments should be designed and presentations 
should be prepared with this goal in mind. The National Research 
Council Committee on Problems of Drug Safety, Drug Research 
Board, National Academy of Sciences (20), prepared a detailed 
guideline including specific questions that may be appropriate to 
the particular drug. Among these questions are the effect of the 
drug on metabolism of other drugs that may be given concurrently, 
distribution of the drug (or metabolites) in various tissues, effect of 
prolonged administration on plasma levels or metabolic patterns, 
and the transport of drug (or metabolites) into milk or fetal tissue. 
It may be proper to anticipate requests from poison control centers 
for methods of drug detection in cases of overdosage and data on 
whether dialysis or alteration of urine pH will facilitate drug elimi- 
nation. 
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part, t o  the temperature of the injection port (ambient, relative to 
the oven temperature). As the injection port temperature was in- 
creased 20” or more over the oven temperature, the appearance of 
a peak on the trailing edge of the solvent front became pronounced. 
This peak was identified as 2-methyl-2-propyl-3-hydroxypropyl 
carbarnate, a trace impurity in meprobamate and occasionally de- 
tected by TLC or G C  methods. Holch and Gjaldbaek (11) con- 
firmed that it also arises as a detectable degradation compound 
when the injection port is greater than 210”. Another commonly 
encountered compound is 2-methyl-2-propyl-l,3-propanediol. The 
“diol” is usually lost in the solvent peak and does not interfere in 
the analysis. Other known trace contaminants of meprobamate 
were tested and showed retention times that were either greater or 
lesser than meprobamate, thereby assuring no interference in the 
analytical procedure for the determination of meprobamate. 


SUMMARY 


A specific and rapid GLC method has been developed for the 
determination of meprobamate in bulk powder form and in tablets. 
The method for tablets utilizes a simple extraction procedure and 
subsequent combination with an  internal standard. The use of 
tybamate as the internal standard permits the analysis of the related 
propanediol dicarbamates, carisoprodol and mebutamate, with 
no modifications necessary. Degradation of meprobamate in the 
GLC system is not apparent. Conditions are outlined for the opera- 
tional parameters and extraction procedure. 
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Determination of Isomeric Composition of 
Amphetamine Mixtures from Melting Points of 
Monohydrogen Succinate Salts 


GERTRUDE J. LOWELL 


Abstract A rapid and simple method for the identification of 
particular amphetamines and the determination of their isomeric 
composition is presented. The method involves the preparation of 
the monohydrogen succinate salt and uses the melting point of this 
derivative in the accurate determination of the isomeric com- 
position of the amphetamine. Application of this procedure to 
actual samples as shown has affirmed the utility and validity of 
this method. 


The difference in the physiological response to d- 
amphetamine (dextroamphetamine) as compared to the 
l-stereoisomer has indicated the need for an isomer- 
measuring analytical procedure. Welsh (1, 2) dis- 
cussed the problem from a phase diagram point of view 
and introduced a procedure, accurate to about I%,  
involving the formation of the acetyl derivative and the 


Keyphrases 0 Amphetamine sulfate isomer mixtures-determina- 
tion of isomeric composition from melting point of monohydrogen 
succinate salt 0 Dextroamphetamine sulfate-determination in 
amphetamine sulfate mixtures from melting point of monohy- 
drogen succinate salt Isomer mixtures, amphetamine sulfate- 
determination of coniponents Succinic acid-amphetamine 
sulfate salt formation, determination of isomeric composition 


determination of melting points. A recent paper (3) 
reviews the literature and describes a procedure for 
determining the optical isomer composition from the 
melting point of the benzoyl derivative. 


The method reported here involves the preparation 
of the monohydrogen succinate salt of amphetamine 
and uses the melting point of this derivative to deter- 
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Table I-Melting-Point Behavior of Variable Composition Mixtures of d- and /-Amphetamine Monohydrogen Succinate 
Salts with Pure d- or 1-Amphetamine Monohydrogen Succinate Salts 


-Add Equal Amounts of Pure d- -Add Equa.1 Amounts of Pure 1- 
Phase Diagram Composition, Resulting Melting-Point Resulting Melting-Point 


Point or Segment % d  Composition, % d Change Composition, d Change 


- 1 A 0 50 ia 0 
2 AC 2 51 i 1 
3 CD 4 52 i 2 
4 DE 10 55 i 5 d 


- 
- 


5 
6 
7 
8 
9 


10 
11 


DE 
E 
EF 
EF 
FG 
GJ 
J 


30 
50 
70 
90 
96 
97 


100 


65 
75 
85 
95 
98 
98.5 


100 


i 
db 
d 
d 
-c 


- 
- 


15 
25 
35 
45 
48 
48.5 
50 


a i indicates increase. * d indicates decrease. c - indicates little or no change. 


mine the isomeric composition of amphetamine. 
Application to actual samples has affirmed the utility 
and validity of this procedure. Advantages over other 
methods include speed and simplicity, since the deriva- 
tive is readily formed and requires neither noxious re- 
agents (e.g., benzoyl chloride or acetyl chloride) nor 
special apparatus and instrumentation. 


EXPERIMENTAL' 


Chemicals and Reagents-The following were used: amphet- 
amine sulfate2, d, I, and d,/; ethyl ether, ACS reagent grade; suc- 
cinic acid, ACS reagent grade; and a saturated solution of succinic 
acid in ether. (Shake about 0.5-1.0 g. of succinic acid with about 20 
ml. of ether. To use, decant the supernate from the residual crystals. 
This solution contains about 6 mg. of succinic acid/ml.) 


Procedures-If a dosage form is presented for analysis, the 
amphetamine may be isolated by aqueous extraction or another 
appropriate separation step. 


With 1 N NaOH, make alkaline an aqueous solution containing 
about 25-50 mg. of amphetamine sulfate and extract with about 30 
ml. of ether using a separator. (Smaller quantities such as 5.0 mg. 
may be taken if semimicro equipment is used.) Discard the aqueous 
portion. Wash the ether layer with water, discarding the wash water. 
Filter the ether through a cotton pledget wet with ether. 


Add saturated succinic acid solution to the ether extract until no 
further precipitation is observed. Stir and allow the precipitate to 
flocculate. Filter the precipitate through paper and then wash it 
with about 10 ml. of ether. Let residual ether evaporate from the 
filter and then dry the precipitate on the filter at  105" for about 10 
min. 


The precipitate dries as a film and is easily separated from the 
filter paper. Reduce it to a powder and carefully determine the 
melting point within 0.3". From a graph constructed by plotting 
the melting points of samples of different known isomeric com- 
positions of amphetamine monohydrogen succinate (ordinate) versus 
the isomeric composition (abscissa) (Fig. I), determine the unknown 
composition. 


Since the observed melting point may correspond to at  least 
two different compositions. a mixed melting point is necessary. If 
the initial melting point is above 150" (on line DEF), mix equal 
quantities of the unknown and d-amphetamine monohydrogen 
succinate salts and determine the melting point. I f  the initial melting 
point is below 150" (on line ACD or FGJ), carry out the mixed 
melting point using a mixture of equal quantities of the unknown 


Although any melting-point apparatus may be used, two specific 
units were used in this work. The Thomas-Hoover melting-point ap- 
paratus, No.  64 27-F10/6427-M10 (Arthur H. Thomas Co., Philadelphia, 
PA 19105). is a capillary tube setup which permits convenient siniulta- 
neous viewing of the sample in the tube and the thermometer. The 
Mettler FPI instrument (Mettler Instrument Corp., Princeton, NJ 
08540) requires the sample to be in a capillary tube and automatically 
displays the melting point digitally, which may be determined at any 
onc of three rates of heating. 


Smith Kline and French Laboratories. 


and Lamphetarnine monohydrogen succinate salts. Reference to  
Table I permits the direction of the difference in the melting points 
of the unknown and the mixture to be used for selection of the 
correct composition. 


The lionaqueous titration of d,l-amphetamine monohydrogen 
succinate in glacial acetic acid with perchloric acid titrant was per- 
formed. The end-point potentials indicated that the succinate was 
being neutralized (4). 


Where direct determination of optical rotation by polarimeter is 
desired, an aggregate sample may be extracfed and the sulfate pre- 
pared as follows. Make a convenient sin: sample alkaline with 
sodium hydroxide and extract with ethyl ether. Wash with water and 
discard water layers. Shake the ether solution with not more than the 
stoichiometric equivalent of 0.1 N H2SO~. (It is safer to add a bit 
less than the theoretical amount since decomposition and discolora- 
tion may occur with an excess of sulfuric acid, which chars the 
material as it dries. The excess of amphelamine will volatilize.) 
Wash the ether layer once or twice with small amounts of water. 
Add the water washes to acid portions. Evaporate the combined 
aqueous layers to dryness in a small tared beaker. Dry 1-2 hr. in a 
100" oven. Weigh and add water t o  make a 5 %  solution. The 
weight in milligrams divided by the factor 52.0 will give the volume 
of water to be added to make a 5 % solution. 


RESULTS AND DISCUSSION 


Figure 1 presents the melting-point behavior of mixtures of d- 
and /-amphetamine monohydrogen succinates. The individual 
pure (I- and /-salts both melt at 149-150", whereas the racemic com- 
pound melts at  164.0". Intermediate melting points correspond to  
mixtures between 50 and 100% composition. Two eutectic minima 
occur at about 96-97z relative purity (points C and G), and a 
maximum is noted at  50% d,/-composition (point E). Lines BCL and 
K G H  are the eutectic temperature lines which are to be expected. 
These have not been experimentally determined and are not neces- 
sary for the analytical purpose of this paper but are included for 
completeness. As pointed out by Welsh ( l ) ,  this is a relatively com- 
mon type of phase diagram indicating that a racemic compound 
exists which forms a eutetic mixture with tach of the optically 
active compounds. 


This type of symmetrical diagram can introduce complication 
since one melting point may correspond to at least two or as many 
as four compositions. The latter possibility i:; clearly restricted to 
the eutectic regions where an isotherm may intersect four distinct 
composition lines. However, this situation is limited since the eu- 
tectics occur at high relative purity and involve melting points 
within a degree lower than either of the pure optically active com- 
pounds. Thus, the eutectics are important only when the melting 
point of the unknown falls within a degree of the pure compounds. 
Outside the eutectic regions, an observed melting point may in- 
dicate two possible compositions. 


Since the initial melting point is not definite, the choice of the 
proper composition is made by means of a mixed melting point. 
Table I is a convenient summary of the behavior to be observed. 
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Figure I-Phase diagram describing the thermal behavior of the 
system d-amphetamine-1-amphetamine succinates. 


COMPOSITION, % d 


If the d-isomer-unknown mixture results in an increased melting 
point, then the composition is found at a point along line ACDE. 
A decreased melting point occurs if the composition is on line EF. 
No observable change may result if the unknown has a composition 
along line FGJ unless melting points are very carefully taken. This 
latter observation may be further resolved by a second mixed melt- 
ting point using I-amphetamine monohydrogen succinate. In this 
case, a mixture with a composition on FGJ will show an increased 
melting point. 


Analysis of the d,l-racemic compound was found to have the 
base and acid present in a 1:l stoichiometric ratio. Nonaqueous 
titration of the racemic salt in glacial acetic acid, which involves the 
neutralization of the basic monohydrogen succinate anion by per- 
chloric acid, verified this ratio as did gravimetric observations. 
This establishes the salts as d-, I - ,  or d,l-amphetamine monohydro- 
gen succinate. 


The analytical utility of the procedure depends, in part, on the 
attainable sensitivity. In this case, a 1% change in composition 
produces a 0.3" change in melting point. Therefore, since the melt- 
ing point method used in this work showed a reproducibility of 
0.5", a change in composition of 1 % would be detected. 


The method of melting-point determination depends upon the 
preference of the laboratory. Any procedure used carefully can be 
satisfactory. In this laboratory, the Mettlerautomaticdigital capillary 
apparatus gave consistent results with less than 1 O variation among 
replicate values. This instrumentation does not require prolonged 
attention. Samples in which the isomeric composition is of interest 


are usually large enough to fill a capillary tube to the required 
height of about 3 mm. The Thomas-Hoover apparatus was suitable 
but gave melting points about 1 O lower than the automatic device. 
If only a small quantity of derivative is available, e.g., the analysis 
of a single tablet or less, a Kofler hot stage, properly calibrated, 
could be used. 


This procedure was recently tested when a sample of I-amphet- 
amine sulfate tablets was found to contain some racemate when ex- 
amined microscopically with the aid of gold chloride reagents (5). 
As described for this procedure. the succiriate was formed, isolated, 
and melted at 156.2", which indicates a composition of 82.5% I- 
isomer3. Extraction of an aggregate sample followed by optical 
rotation measurement indicated a composition of 83.4 r7, I-isomer 
(based on a specific rotation of -23.5"). This is excellent agreement 
considering the separation step used before the rotation measure- 
ment and the lack of sensitivity of the latter method. 
In addition to the utility of this succinate procedure in determin- 


ing the I- and d-compositions of amphetamine, this method is useful 
in differentiating amphetamine from methamphetamine. The latter 
does not form an insoluble succinate in ether, even though initial 
transient opalescence may result. To confirm the negative observa- 
tion, oxalic acid (in ether) may then be added which does result in 
the precipitation of the oxalate of methaniphetamine. 
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Simultaneous Metabolism of Aspirin and Acetaminophen in Man 


LEWIS P. AMSEL' and CLARKE DAVISON 


Abstract 0 Aspirin, administered orally in a single dose (2.9 8.) 
1 hr. before 650 mg. acetaminophen, had no effect on the formation 
of the glucuronide and sulfate of acetaminophen. When aspirin was 
administered on a multiple-dose regimen of 2.6 g. daily for 3 days, 
followed by a 650-mg. dose of acetaminophen on the 4th day, there 
was likewise no effect on the formation of acetaminophen metab- 
olites. Since large doses of aspirin have no apparent effect on acet- 
aminophen metabolism, it appears these two drugs may be metab- 
olized by different enzyme systems. 


Keyphrases 0 Aspirin, metabolism-effect of subsequent acet- 
aminophen administration, enzyme systems involved, man 0 
Acetaminophen, metabolism-effect of prior aspirin administra- 
tion, enzyme systems involved, man 0 Analgesics-simultaneous 
metabolism of aspirin and acetaminophen, man 


A number of previous reports have demonstrated 
mutual inhibition in the metabolism of nonnarcotic 
analgesics. These include acetaminophen and sali- 
cylamide (I), salicylic acid and salicylamide ( 2 ) ,  and 
benzoate and salicylate (3). Levy and Regardh (4) 
demonstrated a lack of interaction between two other 
analgesics: acetaminophen and salicylic acid. The lack 
of effect of salicylate upon acetaminophen metabolism 
has been suggested to be attributable to an insufficient 
dose of the former. Total doses of salicylic acid and 
acetaminophen used in the Levy and Regirdh study were 
1.5 and 1.0 g., respectively. At approximately the same 
time, the present study was instituted, utilizing large 
single doses of aspirin as well as a multiple-dose schedule 
involving the administration of aspirin for 3 days. Since 
the most widely used analgesic is aspirin, this compound 
was studied in order for the results to be most applicable 
clinically. Also, since aspirin is frequently administered 
in a multiple-dose regimen, this aspect of possible inter- 
action with acetaminophen was investigated. In addition 
to  urine collections, blood samples were obtained from 
the subjects to elucidate further any pharmacokinetic 
interactions. 


8 8  8 ,  I 


H O U R S  
2 4 6 8 10 


Figure 1-E.ucrefioii rate us CI fuiictioii o f  time of' acetamitiopheii 
gliicuronide and iinclinnged acetanzinoplien in the presence and 
absence of' aspiriir. Key:  uceiainiiroplzen gluairoiiide alone ( W )  and 
with aspirin (a), atid unclranged aretnminoplien alone (0)  and with 
aspiriii (0). Valiies are expressed as milligrams eqrricalent acefamino- 
phen. (Mean data of' Sirbieris L.  A. curd C.  D.) 


EXPERIMENTAL 


The panels participating in these studies were made up of two 
and three healthy male subjects. In the single-dose study (two sub- 
jects), drugs were administered in the morning after an overnight 
fast. No food was permitted for 4 hr. In the control test, acetamino- 
phen (650 mg.) was given as a flavored elixir with 120 ml. water. 
When aspirin was given with acetaminophen, it was administered 
as tablets in a dose of 2.9 g. 1 hr. before the dose of 650 mg. acet- 
aminophen in solution. Urine was collected quantitatively a t  
intervals for 12 hr. and assayed for acetaminophen as well as the 
glucuronide and sulfate conjugates. 


The multiple-dose study consisted of administering aspirin as 
tablets in a dose of 2.6 g. daily for 3 days (two tablets four times 
daily). On the morning of the 4th day, an additional dose of 650 mg. 
aspirin as tablets was administered to the three subjects. One hour 
later, acetaminophen (650 mg.) in solution was ingested with 120 
ml. water. Blood was collected during a 5-hr. period and assayed 
for acetaminophen. 


Acetaminophen was determined in plasma by a G C  procedure. 
Two milliliters of plasma was extracted by thorough stirring in a tube 
with 10 ml. of ethyl acetate containing 3.5 mcg./ml. of docosane as 
the internal standard. After centrifugation, the organic phase was 
removed as completely as possible and dried under a stream of air at  
60". A second extract with 10 ml. of plain ethyl acetate was made 
and pooled with the first. Standards were prepared in control 
plasma samples from 2.5 to 25 mcg./ml. The dried extracts were 
stirred with 0.1 ml. of silylating reagent consisting of 10 parts dry 
pyridine, 1 part hexamethyl disilazane, and 0.1 part trichloromethyl- 
silanel. After 5-60 min., 3 pl. was injected on a GLC column, 
1.8 ni. X 0.3 cm. (6 ft. X 0.125 in.) i.d., packed with OV-17 on Gas 
Chrom Q. The oven temperature employed2 was 190" with an inlet 
port temperature of 210" and a detector temperature of 215". A 
flame-ionization detector was used with nitrogen flow. The reten- 
tion time for acetaminophen was about 3.3 min.; for docosane, it 
was about 7 min. Calculations of the acetaminophen concentration 
was made from the ratio of the peak heights of acetaminophen to 
that of the docosane relative to the standard curve. Minimum 
sensitivity was about 1 mcg./ml. compound. 


Urinary acetaminophen was determined by mixing 1 ml. urine 
with p H  5.5 buffer and extracting with ethyl acetate containing 
docosane. Samples were then treated and assayed using the plasma 
method. T o  the same buffered urine samples, a solution of Mylase- 
LH3 (which is free of glucuronidase) was added, which will hydro- 
lyze acetaminophen sulfate. The samples were allowed to remain 
at  room temperature overnight and then extracted with ethyl acetate. 
They were then treated and assayed as already described. Standards 


2 4 6 8 10 
HOURS 


Figure 2-E.ucretiotr rnte NS a /iiiictioii of time for acetanziiropheti 
siilfrite alone (0 )  and with aspiriii (0). Values expressed as milligrams 
eqiiiiialetit cicetainiiioplieii. (Mean dota o j  Sirbjecfs L. A .  and C .  D . )  


1 Applied Sciences Laboratories, Inc. 
2111 the Packard model A30100. 
3 Wallerstein Laboratories, Morton Grove, Ill. 
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Table I-Recovery and Percent Excreted of Acetaminophen and Its Metabolites 


___I_____ Expressed as Percent of Amount Recovered---------- --- Recovery, %--- -Free Acetaminophen-. -Acetaminophen Sulfate- Acetaminophen Glucuronide 
Subject Control With Aspirin Control With Aspirin Control With Aspirin Control With Aspirin 


~ _ _ _  


C.D.ik 83.8 85.4 2.1 3.7 35.2 28.0 62.7 68.3 
81.3 70.8 6.4 5 .5  41.1 39.0 52.5 55.5 


52.4 -c 85.7 - 5.6 - 41.9 
L.A.* 


- 5.3 - 40.9 - 53.9 
W.M.b 


- 33.2 - 62.7 
- 106.3 M.D.b 


E.C.b - 78.8 
Mean 82.6 85.4 4.3 4 . 8  38.2 36.6 57.6 58.6 


- 


4.1 - 


a Dose of 650 mg. acetaminophen alone in one study and 1 hr. after a single dose of 2.9 g. aspirin in the other. * Dose of 2.6 g. aspirin daily for 3 
days. On Day 4, 650 mg. acetaminophen was administered 1 hr. after 650 mg. of aspirin. c Urine not collected. 


were made using authentic acetaminophen sulfate. 8-Glucuronidase4 
was then added to the same urinesampleand incubated at  37" for 4 
hr. Samples were treated and assayed as already described to deter- 
mine the amount of acetaminophen glucuronide. Standards for the 
latter assay were prepared by adding acetaminophen to control 
urine which had been preextracted for the free acetaminophen and 
sulfate assays. 


Plasma salicylate and aspirin were determined by fluorescence 
after separation on a Sephadex G-10 column. One milliliter of 
plasma was precipitated with 3 ml. of tungstic acid solution (2 
parts 10% Na2W04.2H20  plus 7 parts 0.19 N HzS04). The tube 
was centrifuged and 2 ml. of the supernate was placed on a Sephadex 
column ( I  2 X 0.9 cm. i.d.) which had been previously equilibrated 
with 0.02 Mphosphate buffer, pH 6.6. Theinitial fluid was permitted 
to pass through, followed by 3 ml. of the buffer which was also 
discarded. Eight milliliters of buffer was next introduced and col- 
lected as the aspirin fraction. Twelve milliliters of distilled water was 
introduced and collected as the salicylate fractions. Both fractions 
were made basic with 0.5 ml. of 15 N N H 4 0 H  and, after a few 
minutes, the fluorescence was measured on a spectrophotofluorome- 
ter6. An activation wavelength of 310 nm. was employed with fluo- 
rescent measurements at  400 nm. Standards ranging to 50 mcg./ml. 
of salicylate in control plasma were carried through the same pro- 
cedure. Minimum sensitivity is about 0.5 mcg./ml. 


n 
0 


1 


1 I 
0 1 2 3 4 5  


HOURS AFTER LAST DOSE OF ASPIRIN 


Figure 3-Plasma levels of acetaminophen and salicylate as a func- 
tion of time. Key: acetaminophen levels alorie ( 0 )  and with aspirin 
( H ) ,  and plasma salicylate lecels (0)  obtained diving the interaction 
study where aspirin was administered for  3 days with a final dose at 
0 hr. on Day 4 (zero time in the figure). The dose of acetaminophen 
was administered 1 hr. qfter the lust dose of  aspirin. (Mean data of 
Subjects W. M., M. D.,  and E.C.) 


4 Glusulase, Endo Laboratories, Garden City, N. Y. 
5 Aminco-Bowman. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the excretion rates of the two major me- 
tabolites of acetaminophen (the glucuronideand sulfate) both in the 
control study and when a single dose of aspirin was administered. 
Also shown in Fig. 1 is the excretion rate of unchanged acetamino- 
phen for both studies. There was essentially no difference in the 
excretion patterns of the metabolic products in the presence or 
absence of aspirin. This confirms other work (4), where a similar 
lack of effect was noticed using a considerably lower dose of sali- 
cylate. 


The 12-hr. recovery of urinary metabolites of acetaminophen is 
summarized in Table I. The percent of the dose recovered agrees 
well with previously reported data (4, 5), as does the low fraction 
of the dose excreted as unchanged acetaminophen. Table I also 
shows that there was essentially no difference in the percent ex- 
creted as the glucuronide and sulfate conjugates, as well as un- 
changed acetaminophen, when acetaminophen was administered 
alone or with aspirin. Thus the lack of effect of aspirin on acet- 
aminophen metabolism is apparent even after high doses of aspirin. 


To evaluate a more realistic situation, that is, one where a drug is 
taken continuously for a few days followed by another drug, the 
multiple-dose study was initiated. The multiple dosing with aspirin 
gave a fairly high level of salicylate in the plasma, as shown in 
Fig. 3. Also shown in the figure are the acetaminophen plasma levels 
both for the control study and when aspirin was given. There was 
apparently no effect of aspirin on acetaminophen plasma levels, 
even after continuous dosing with aspirin. 


The urinary metabolites of acetaminophen after multiple dosing 
with aspirin are also shown in Table I. These are in general agree- 
ment with the control acetaminophen study, even though different 
subjects were utilized. These data also compare favorably with other 
work (4, 5 ) .  This lack of effect may be due to different metabolic 
systems which produce the metabolic end-products of acetamino- 
phen and aspirin. 
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and similar biological activities, as estimated by the measurement of 
thyroid weight in rats on chronic administration of these substituted 
2-thiouracils (Reference 27 and Table I). 


A possible mechanism of antithyroid activity of thiouracils is by 
their oxidation to  the disulfide by iodine in the thyroid gland (27). 
Since oxidation is the loss of electrons, it would he expected that 
substituents which increase the electron density of sulfur would also 
increase the antithyroid activity. However, this increase in electron 
density is also what would be expected if complex formation were 
the mechanism. If we assume that either complexation or oxidation 
is the antithyroid mechanism of thiouracils, then the pK‘a values 
of the thiouracil acids, which are measures of the sulfur electron 
density, and the related log K, values for the complexes (1) could be 
used to predict the structure of thiouracil derivatives which have 
greatly enhanced antithyroid activity, provided that the solubilities 
and ability to cross biological membranes are of equivalent magni- 
tude in such a comparative series. 
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GLC Determination of Sulthiame in Plasma 


KEITH J. SIMONS and RENE H. LEVY’ 


Abstract 0 A GLC method is presented for the determination of 
sulthiame in plasma. A chloro derivative of sulthiame was syn- 
thesized for use as an internal standard. Bath compounds can he 
chromatographed directly without derivatization, the method being 
quantitative over the range 3-20 mcg. The utility of the procedure 


was demonstrated by its application to the determination of sul- 
thiame in the plasma of drug-treated rabbits and patients. 


Keyphrases 0 Sulthiame-GLC analysis in plasma 0 GLC- 
analysis, sulthiame in plasma 


Sulthiame (I) l ,  a sulfonamide derivative, was first 
synthesized by Helferich and Kleb (1) and was later 
found to have potent anticonvulsant properties (2). 


It is primarily used in Europe2 and Australia2 for treat- 
ment of psychomotor (temporal lobe) and, to a lesser 
degree, for major motor (grand mal) seizures. It is cur- 


1 The USAN ,chemical, name is p(tetrahydro-2H- 1.2-thiazin-2-yl)- * Ospolot, Farbenfabriken Bayer A.  G . :  Elisal, Specia RhGne- 
benzenesulfonainide. S,S-dioxide. Poulenc. 
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rently under investigation for use in the United States3. 
Good results also have been reported in myclonic and 
petit ma1 seizures. 


Von Duhm et al. (3, 4) studied the fate of the drug 
in rats using YS-labeled sulthiame. In the same year, 
Diamond and Levy ( 5 )  also used 35S-labeled sulthiame 
to detect the excretion of unchanged drug and a metab- 
olite in  the urine of rats and human subjects. More 
recently, Olesen (6 )  extracted the drug from the plasma 
and urine of patients on long-term sulthiame therapy 
and, after TLC separation, determined the concentra- 
tion by UV spectrophotometry. A few months ago, 
Kupferberg and Hunninghake (7) reported the deter- 
mination of sulthiame by GLC after derivatization with 
trimethylanilinium hydroxide, but their method has 
not been published to  date. In our laboratory it was 
found that under appropriate conditions, sulthiame can 
be chromatographed directly. This paper describes a 
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Figure 1-Gas chromafogram of sulthiame ( X )  and internal standard 
( Y )  ( A  = 20 mcg. sulthiatne and 20 mcg. internal standard; B = 3 
mcg. sulthiame and 2.5 mcg. internal standard) extracted from human 
plasma. 


3 Trolone, Riker Labs. Inc., Northridge, CA 91324 
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Figure 2-Calibration curve for sdthiarne extracted from human 
plasma. 


rapid and direct determination of sulthiame in plasma 
by GLC. 


EXPERIMENTAL 
Reagents-The following were used: stock solutions of sulthiame4 


containing 1, 3, 5, 8, 10, 15, and 20 mcg./50 pl. in water, with metha- 
nol as a wetting agent; stock solutions of internal standard con- 
taining 2.5, 10, and 20 mcg./20 pl. in methanol; and buffer solu- 
tions of 0.25 M K2HPOn (pH 7.2) and 0.2 M K3P04 (pH 12.8). 
All solvents were reagent grade. 


Biological-Animals-New Zealand strain albino rabbits (3-5 kg. 
body weight) were used in the study. The animals were given food 
and water ad libitum. 


Dosing-Sulthiame was dissolved in polyethylene glycol 4006 to 
yield a solution (50 mg./ml.) which was sterilized by heat. The dose 
(20 mg./kg.) was administered intravenously (peripheral ear vein) 
over a 2-min. period using a 26-gauge, 1.3-cm. (0.5-in.) needle. Warm- 
ing the solution to slightly above room temperature prior to in- 
jection aided administration. 


Blood Co//ection-Prior to administration of the drug, an ar- 
terial shunt6 was set up in the midline artery of the ear not used for 
dosing. Blood samples (3-4 ml.) were drawn at - 5 ,  5, 15, 30, 45, 
60, 90, 120, 150, 180, 210, and 240 min., collected in heparinized 
tubes, and centrifuged at 2000 r.p.m. for 10 min. The plasma was 
harvested and frozen. 


Preparation and Extraction of Plasma Standards and Specimens 
from Dosed Animals-Rabbit Plasma Standards-To 1 -ml. control 
plasma samples in Teflon-lined screw-capped, 1 Sml., Pyrex test 
tubes were added 50 pl. of each aqueous sulthiame solution, 20 
pl. of the appropriate internal standard solution, and 1 ml. phos- 
phate buffer (pH 7.2). The samples were extracted with 10 ml. eth- 
ylene dichloride which was accomplished by manual shaking for 
2 min., followed by centrifugation at 2000 r.p.m. for 5 min. The 
aqueous phase, including precipitated plasma proteins, was as- 
pirated and the organic phase was transferred to a clean tube. Af- 
ter addition of 5 ml. buffer (pH 12.8), the samples were shaken and 


4 Sulthiame-SN#D0960, compliments of Riker Labs. Inc., North- 


5 Fisher Scientific Co., Fair Lawn, N. J. 
Disposable Butterfly Infusion Set 21, Abbott Labs. Inc., North 


ridge, CA 91324 


Chicago, Ill. 


Vol. 61, No. 8, August 1972 0 1253 







NH, 
1 -  


I 
NHCOCHJ NHCOCH, NH2 


I1 111 rv 
0 
II N? SO CHK- 0- CCH,),Cl CI(CH,I,SO,CI 


VII VIII 


A 
IX 


Scheme I 


centrifuged as before. The maximum amount possible of the buffer 
phase was transferred to a 12-ml. glass-stoppered centrifuge tube, 
acidified with 0.2 ml. 10 N HCl, and extracted as before with 7 ml. 
ethylene dichloride. The aqueous phase was aspirated, and the 
organic phase was evaporated to  dryness at  90" with the aid of a 
dry nitrogen stream. Samples were dissolved in 20 pl. chloroform 
and held under refrigeration, being removed only for GLC injec- 
tion. 


Plasnin Samples from Dosed Rabbits-Appropriate aliquots (0.2- 
1 ml.) of plasma were pipeted into 15-ml. tubes. Following addition 
of the internal standard, the samples were extracted as the plasma 
standards, 


GLC-GLC was carried out on a gas chromatograph7 equipped 
with a flame-ionization detector. Glass columns [coiled 1.83 m. 
X 0.63 cm. (6 ft. X 0.25 in.), 2 mm. i.d.1, packed with 3 z  OV-17, 
coated 60-80-mesh, acid-washed Chromosorb W-DMCS*, were 
used throughout the study. Helium as a carrier gas was maintained 
at  30 ml./min., with air and hydrogen at 300 and 30 ml./min., re- 
spectively. 


The column was maintained isothermally at 295" with 
both the injector and detector at 310". The column was conditioned 
at the end of each day with 30 pl. Silyl 8$. Under these conditions, 
sulthiame and the internal standard have retention times of ~4 and 
-5 min., respectively (Fig. 1). 


Cnlculations-Peak height ratios were calculated by dividing the 
height of the peak due to  sulthiame by the height of the peak due to  
the internal standard. Calibration curves were constructed daily 
from the results of "spiked" control plasma samples by plotting 
the concentration of sulthiame (micrograms per milliliter plasma) 
against the peak height ratios. A typical calibration curve is shown 
in Fig. 2. 


Interm1 Standard-The internal standard was synthesized ac- 
cording to  the following procedures (Scheme I). The 4-amino-2- 
chlorobenzenesulfonamide (IV) was prepared according to  the 
procedure outlined by A d a m  er al. (8). A slight modification (9) 
was applied whereby the 3-chloroacetanilide (11) was heated with 
chlorosulfonic acid (C1SO3H) for 7 hr. instead of only 30 min., 
thus increasing the yield of IV by 50z. The 4-chlorobutyl acetate 
(VlI) was purchased'O but could also be synthesized as described 
by Cloke and Pilgrim (10). The original method of Helferich and 
Kleb (1) was followed to prepare the 4-chlorobutanesulfonyl chlo- 
ride (VIII), which was allowed to react with TV to form N4-(4-chloro- 
I-butylsulfonyl)-2-chlorosulfanilamide (IX) (3). This reaction 
yielded a large amount of polymeric material from which IX had 
to be extracted with chloroform prior t o  cyclization to N-(2'-chloro- 
4'-sulfamylphenyl)-l,4-butanesultam (X) using sodium hydroxide 
(3). 


7 Aerograph 200, Varian Aerograph, Walnut Creek, CA 94598; 
equipped with Speedomax W Recorder, Leeds and Northrup, Phil- 
adelphia, Pa. 


8 Varian Aerograph. Walnut Creek, CA 94598 


lo Eastman Organic Chemicals, Rochester, N. Y .  
Pierce Chemical Co., Rockford, IL 61 105 


RESULTS AND DISCUSSION 


GLC-Figure 1 shows typical chromatograms obtained after 
addition of 20 mcg. (1A) and 3 mcg. (1B) of sulthiame to  1-ml. 
plasma samples. In both instances, sulthiame and the internal 
standard gave well-resolved symmetrical peaks. Under the con- 
ditions of the assay, they eluted at -4 and 4 min., respectively, 
with the absence of interfering peaks even at later times. Conse- 
quently, injections could be repeated as frequently as every 8 min., 
a significant advantage. 


Attempts were made to chromatograph sulthiame and the in- 
ternal standard directly on a column of 3 z  SE-30, coated 8& 
lOO-mesh, acid-washed Chromosorb W-DMCS under various 
conditions of column temperature and carrier gas flow rates. Un- 
fortunately, in all instances the peaks were unsymmetrical and/or 
unresolved, which precluded quantification. 


Sulthiame and the internal standard elute on the downslope of 
the solvent front; at  lower concentrations, this becomes a limiting 
factor governing the ease and accuracy of measuring the peak height 
ratios (Fig. 1B). The importance of selecting the most appropriate 
solvent will be discussed further. 


To test the linearity of the system (extraction and response 
of the flame-ionization detector), a calibration curve was con- 
structed using spiked human plasma samples (Fig. 2). The plot of 
sulthiame concentration uersu.7 peak height ratio was linear in the 
range 3-20 mcg., although lower amounts could be detected. Several 
curves were constructed and, in most instances, a positive inter- 
cept of approximately 1 mcg. was observed. This is probably due 
to adsorption and/or decomposition (injector), but the phenomenon 
prevents accurate quantitation only at concentrations below 3 
mcg./ml. From a practical standpoint, however, this phenomenon 
is probably insignificant because of the relatively high levels of 
sulthiame found in the plasma samples of patients treated with 
this drug. Nevertheless, a concentrated solution of drug and stan- 
dard (20 mcg. of each in 20 pl. chloroform) was injected at the be- 
ginning of each run to  minimize adsorption. 


The recovery of sulthiame added to  human plasma controls was 
calculated from the data used to plot the calibration curves. The 
results show that 94.60 i 4.49% (mean f standard deviation) of 
the sulthiame added was recovered (Table I). 


The choice of solvent is critical, both for extraction and GLC. 
Using UV spectrophotometry, Olesen (6)  demonstrated that only 
6 0 z  of the sulthiame content could be extracted with chloroform 
over the pH range 1-7. From a selection of several solvents tested 
at  pH 7.2 in this laboratory, Olesen's results with chloroform were 
confirmed but ethylene dichloride was found to extract about 85% 
of the sulthiame content. Olesen's work also showed that the pKa 
of sulthiame lies somewhere in the range 11-12, which was also 
confirmed in this laboratory. This explains the importance of buf- 
fering to  pH > 12.5 when back-extracting sulthiame from ethylene 
dichloride. 


The criteria for selection of the GLC solvent were the ability to 
dissolve sulthiame after evaporation of ethylene dichloride and the 
width and tailing of the solvent front. A study of various potential 
solvents (ethylene dichloride, methanol, ether, acetone, dimethyl- 
formamide, chloroform, and carbon disulfide) was carried out. 
Carbon disulfide would have been ideal because of the minimal 
response of the flame-ionization detector but, unfortunately, sul- 
thiame proved to  be insoluble in carbon disulfide. The results 
from comparative GLC injections demonstrated that under the 
conditions of the assay, chloroform produced the smallest solvent 
front, thus becoming the solvent of choice for sulthiame chrorna- 
tography. 


Very few methods have been published for the determination of 
sulthiame in plasma. Following the administration of 3KS-labeled 
sulthiame to  rats, von Duhm et ~ l .  (3, 4) measured the loss of ac- 
tivity from most body organs, blood, serum, and erythrocytes and 
were able to account for 80-90z of the administered activity in 
urine and 10-202 in feces. Diamond and Levy (5) also used T3- 
labeled sulthiame to detect the excretion of unchanged drug in the 
urine of rats and human subjects. For both species, 60-752 of the 
radioactivity in urine was attributed to unchanged drug and 25-50z 
to an unidentified metabolite, while 10-1 5 :z was accounted for in 
the feces. 


Olesen (6) obtained urine and plasma samples from patients on 
long-term therapy with sulthiame. These samples were buffered 
and extracted with chloroform, and the resulting residue was chro- 
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Table I-Recovery of Sulthiame Added to Human 
Plasma 
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Number Sulthiame 


Samples mcg./ml. mcg./ml.a Percent Recovery' 
of Added, Sulthiame Found, 


2 3 2.83 94.33 
5 5 5.00 =!= 0.12 100.00 + 2.40 
2 8 7.17 89.63 
7 10 8.91 f 0.30 
7 15 14.43 f 0.32 
7 20 19.67 f 0.42 


89.10 zk 3.00 
96.20 f 2.13 
98.35 =t 2.10 


a Mean + standard deviation. 


matographed on TLC plates to separate the drug. After detection 
of the sulthiame spots, these were scraped off and extracted with 
methanol. The sulthiame content was then assayed spectrophoto- 
metrically at  243 and 280 nm. This method was reported to  be 
quantitative over the range 1-40 mcg. 


Kupferberg and Hunninghake (7) reported on the determina- 
tion of' sulthiame by GLC. On-column methylation of sulthiame 
with trimethylanilinium hydroxide ( I  I), using 3-methoxycholesterol 
as an internal standard, yielded symmetrical peaks on a 3 %  OV-17 
column maintained isothermally at  300". This method was re- 
ported to  be quantitative over the range 1-20 mcg. but has not been 
published. 
In the present work, it was found that sulthiame can be chro- 


matographed directly (without derivatization) on a 3 OV-17 
column maintained isothermally at  295". Attempts to  use 3-me- 
thoxycholesterol as an internal standard proved to  be unsatisfactory 
because it cannot be added directly to  the plasma sample, thus re- 
quiring that all volume measurements in the various transfer steps 
of the extraction procedure be quantitative. It also elutes earlier 
than sulthiame, so interference with the solvent front makes quan- 
titation difficult at  lower concentrations. 


This situation instigated the search for a satisfactory internal 
standard. An ideal standard should be structurally related to  
sulthiame in order t o  have similar partition properties for solvent 
extraction as well as column retention. As a derivative of sulthiame 
was unobtainable, it was necessary to  synthesize one. The compound 
synthesized was a chloro derivative of sulthiame, N-(2'-chloro-4'- 
sulfamylphenyl)-l,4-butanesultam. 


Internal Standard-When I1 was heated with chlorosulfonic 
acid, substitution of the sulfonyl chloride moiety could occur at  
either the 2-, 4-, or 6-position because of the orrho- and para-direct- 
ing ability of the chloro and acetamido substituents. This then 
would yield one of the three possible chlorosulfanilamide isomers: 
IV, 2-amino-4-chlorobenzenesulfonamide (V), or 2-amino-6-chloro- 
benzenesulfonamide (VI). 


I t  was necessary to prove that substitution occurs at  the 4-position 
(1V) to confirm the structure of X. The reported melting point of 
4-acetamido-2-chlorobenzenesulfonamide (111) is 194-197' (9), 
while the corresponding compound that was synthesized has a 
melting point" of 201-203". The reported melting-point values of 
IV, V, and VI are 1765177.5" (9), 143-144" (12), and 140-141" 
(12), respectively. Since the corresponding compound that was 
synthesized had a melting point of 178-180", it would indicate that 
Structure 1V is indeed correct. The work of Behnisch et at. (13), 
where VIII was reacted with various sulfanilamides (including IV), 
showed that IV can only yield IX and, subsequently, X. The re- 
ported melting point of X is 214-215" (13), while the compound 
synthesized in this laboratory had a melting point of 210-210.5". 
Furthermore, mass spectroscopy'* showed that the mass of the 
parent ion is 323.99873, which is consistent with the calculated value 
324.000495 for the empirical formula CloHI3CIN20&. 


The advantages of this internal standard include both ease and 
accuracy because it can be added directly to  the plasma samples. 
Therefore, the volume measurements in the transfer steps of the 
extraction procedure do not have to be quantitative since quanti- 


1 1  Hoover capillary melting-point apparatus, Thomas Co., Phil- 


I *  Picker AEI MS9 niass spectrometer, Picker Nuclear Division, 
adelphia, Pa. 


White Plains, N. Y. 


V VI 


tation is based on the calculation of drug to  standard peak height 
ratios rather than absolute peak heights of sulthiame. Furthermore, 
since the internal standard is a derivative of sulthiame, both com- 
pounds should produce a similar detector response. This can be an 
important factor since detector response (for a flame-ionization 
detector) is not always constant and varies with the unavoidable 
fluctuations in flow rates of hydrogen, air, and carrier gas, More- 
over, any solvent front limitations on the assay of lower concen- 
trations are now dependent on sulthiame itself since it elutes be- 
fore the internal standard. In addition, both compounds elute 
within 5 min., so injections may be repeated as frequently as every 
8 min., and an entire assay can be completed in 45-75 min. 


Attempts to  use on-column methylation (11) for sulthiame and 
its internal standard proved that both compounds form deriva- 
tives that yield symmetrical peaks and shorter retention times un- 
der the conditions of the assay. Measurements of peak height ratios 
after repeated injections were performed to test the reproducibility 
of methylation. The variability obtained with this approach was 
significantly larger than that obtained from corresponding injec- 
tions of the underivatized compounds. This may be due to the fact 
that the reaction mechanism of flash-heater methylation and the 
experimental factors affecting it have not been completely eluci- 
dated and are difficult t o  control. Such experimental factors might 
be injection rate, carrier gas flow rate, and injection port tempera- 
ture, all of which affect the reaction time in the injection port. 
Hence, completeness and reproducibility of methylation of sul- 
thiame and its chloro derivative might require more carefully con- 
trolled conditions than those generally found under operating con- 
ditions of most routine procedures in GLC. 


Determination of Sulthiame in Rabbit and Human Plasma-This 
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Figure 3-Concentrations of sulthiame in plasma ajier a single 
intravenous administration of 20 mg./kg. to Rabbit C .  Key: 0-0, 
plot of experimental values; and .---., plot of differences between the 
extrapolated p-phase and the plasma levels at early times (a-phase). 
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Table 11-Basic Pharmacokinetic Parameters of 
Sulthiame in Rabbits 


~~ 


Clearanced, 
Rabbit t l / m a ,  min. r l / $ * ,  hr. V,C, I./kg. l./hr./kg. 


A 12.3 3.35 0.70 0.38 .. 
B 10 0 3.76 0.64 0 .24  
C 14.1 4.91 0.71 0 .  I9 


Half-life of the a-phase (rapid). * Half-life of the &phase (slow). 
c Volume of the central compartment two-compartment model. d Por- 
tion of the volume of the central compartment that is totally cleared of 
drug per unit time (ke 1 Vp). 


method has been used to follow the kinetics of disappearance of 
sulthiame from plasma of rabbits given 20 mg./kg. of the drug 
intravenously. Twelve blood samples were taken over a 4-hr. period, 
and the sulthiame concentration was determined in the plasma. 
A semilogarithmic plot of plasma concentration (micrograms per 
milliliter sulthiame) versus time (minutes) (Fig. 3) showed a bi- 
exponential decay curve, i.e., a rapid a-phase followed by a slower 
@-phase. After appropriate pharmacokinetic interpretation using a 
two-compartment model, the usual basic parameters were calcu- 
lated (Table 11) (14). The biological half-life ( t i / &  of sulthiame in 
rabbits was determined to  be about 4 hr. Kupferberg and Hun- 
ninghake (7) found the biological half-life to be 4.5 hr. in a dog. 


This method was also used to determine the sulthiame concen- 
tration in several plasma samples obtained from a few patients on 
sulthiame therapy. The plasma levels ranged from I 1  t o  50 mcg./ 
ml.; consequently, only a fraction of a milliliter (0.2-0.8 ml.) was 
required for the assay. There appeared to be no interfering foreign 
peaks from possible metabolites of sulthiame or other medication 
taken by the patients. 


CONCLUSIONS 


The method for the determination of sulthiame in plasma uti- 
lizes direct GLC of the underivatized drug and a chloro derivative 
synthesized in this laboratory as an internal standard. The extrac- 
tion procedures and GLC conditions described provide quanti- 
tative determination of sulthiame over the range 3-20 mcg. 


This method compares more than favorably with those presently 
available, all of which require lengthy TLC separation prior t o  
quantitation. The presented method is relatively rapid as well as 
sensitive and accurate. 
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Synthesis of Acyl Dihydroxyacetone Phosphates and 
Related Derivatives 


CLAUDE PIANTADOSI*A, KUN CHAE*, KHALID S. ISHAQ*, and FRED SNYDERt 


Abstract 0 The chemical syntheses of I-0-palmitoyl- and 1-0- 
acetyl-2,2-dirnethoxypropane-3-phosphate cyclohexylammonium 
salt and I-O-palmitoyl-2,2-dimethoxypropane-3-O-phosph,oryl- 
ethanolamine are reported. The acyl dihydroxyacetone phosphates 
can serve as intermediates in the pathway for the biosynthesis of 
phosphatidic acid, phosphatidylcholine, phosphatidylethanolarnine, 
and alkyl glycerolipids. 


Keyphrases 0 Acyl dihydroxyacetone phosphates and related 
derivatives-synthesis for use as biosynthesis intermediates 0 
Dihydroxyacetone phosphates (acyl) and related derivatives- 
synthesis for use as biosynthesis intermediates 
- 


Studies directed toward the chemical synthesis of 
0-alkyl dihydroxyacetone and its derivatives were 
reported by Piantadosi et al. (1,2). In  a series of papers, 
Snyder et 01. (3-6) and Wykle and Snyder (7,8) reported 
studies on a sequence of reactions involved in the bio- 
synthetic pathway for 0-alkyl glycerolipids in which 
dihydroxyacetone phosphate was an obligatory pre- 
cursor. Other investigators (9, 10) also demonstrated the 
presence of the 0-alkyl ether-synthesizing enzymes in 
other systems. In 1970, Snyder et al. (4) isolated and 
described a microsomal enzymic system from Ehrlich 
ascites cells which, in  the cell-free system, is capable of 
synthesizing 0-alk- 1 -enyl glycerolipids (plasmalogens). 


DISCUSSION 


In a continuation of this research, we now report on synthetic 
studies involving the acyl analog, which is an important intermediate 
in the biosynthetic scheme. Acyl dihydroxyacetone phosphate was 
characterized by Hajra and Agranoff (11) and found to  occur in 
guinea pig liver. It is formed (12) enzymatically by acylation of di- 
hydroxyacetone phosphate in the presence of acyl CoA, ATP, and 
Mgfz as cofactors. This keto intermediate can then be reduced in 


mitochondria by NADPH (13)  and further acylated to form phos- 
phatidic acid. Agranoff and Hajra (14) also reported on the parti- 
cipation of the acyl dihydroxyacetone phosphate pathway in 
mouse liver and Ehrlich ascites tumor cells, and they suggested 
that this pathway plays an important role in these cells. Further- 
more, Hajra (9) and Wykle et a/ .  (15) found that acyl dihydroxy- 
acetone serves as a precursor of 0-alkyl glycerolipids. 


In this paper, we describe the complete chemical synthesis of 
acyl dihydroxyacetone phosphates which is based on an earlier 
procedure (2) used for the synthesis of 1-0-alkyl iihydroxyacetone 
derivatives. The cyclohexylammonium salts of l-O-palmitoyl-2,2- 
dimethoxypropane-3-phosphate (VIII, Scheme I), I-O-acetyl-2,2- 
dimethoxypropane-3-phosphate (XII, Scheme 11), and 1-0-palmi- 
toy1 - 2,2 - dimethoxypropane - 3 - phosphorylethanolamine (XVI, 
Scheme 111) were prepared. In the synthesis of palmitoyl deriva- 
tives (VIII and XVI), 3-0-benzylglycerol (Compound I) was used 
as the starting material. Compound I was acylated with palmitoyl 
chloride in the presence of pyridine at  -20", resulting in a crude 
mixture of I1 which contained over 7 0 z  of the monopalmitoyl 
derivative as determined by TLC. The Compound I1 mixture was 
then subjected t o  the Pfitzner-Moffatt (16) oxidation to  111 in a 
solution of dicyclohexylcarbodiimide-dimethyl sulfoxide, con- 
taining a proton source such as pyridinium phosphate or pyridinium 
trifluoroacetate, in a manner similar t o  that described by Hartman 
(17) for the synthesis of 3-haloacetol phosphates. In this oxidation 
reaction, dimethyl sulfoxide is converted into a labile intermediate 
which facilitates the attack at  the sulfur atom by the 0-hydroxy 
group of benzylglycerol. Trifluoroacetic acid was used to initiate 
the reaction, while dicyclohexylcarbodiimide was used as a polar- 
izing agent (2). 


The keto compound, 111, was ketalized to  IV, which was de- 
benzylated with palladium black to  V. Compound V was phos- 
phorylated with diphenyl chlorophosphate to  VI and then treated 
with platinum oxide to  remove the phenyl groups resulting in VII. 
Compound VII was subsequently treated with cyclohexylamine and 
isolated as the salt, VIII. 


Compound V was also phosphorylated with phenyl phosphorodi- 
chloridate (Scheme 111) t o  XIII, which was then reacted with carbo- 
benzoxyethanolamine, resulting in XV. The protecting groups were 
removed by hydrogenation with platinum oxide and palladium 
black at  room temperature t o  XVI. The acetyl derivative (IX), 
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HzC-0-C-R 


prepared by the procedure of Ballou and Fischer (18), was also 
phosphorylated with diphenyl chlorophosphate in an analogous 
manner as for the preparation of VIII and isolated as the cyclo- 
hexylammonium salt, XII. 


EXPERIMENTAL' 


3-0-Benzylglycerol (1)-3-O-Benzylglycerol was prepared ac- 
cording to the procedure of Sowden and Fischer (19) and Howe and 
Malkin (20). 
l-O-Palmitoyl-3-O-benzyl-2-propanone (111)-Compound I was 


esterified with. palmitoyl chloride in the usual manner. A mixture 
of the mono- and dipalmitoyl derivatives was obtained. TLC, 
using a solvent system of It-hexane-diethyl ether (50:50 v/v), 
showed about 70 conversion into the monopalmitoyl derivative. 


A mixture of 59 g. of the crude palrnitoyl esters, 15 ml. of di- 
methyl sulfoxide, 68 g. of dicyclohexylcarbodiimide, and 3 ml. of 
pyridine in 500 ml. of anhydrous ether was cooled t o  4" in an ice 
bath. The mixture was then removed from the ice bath, and 3 ml. 
of trifluoroacetic acid was added to  initiate the oxidation reaction. 
After 5 hr. of stirring at room temperature, 20 g. of oxalic acid in 
40 ml. of methanol was added to  decompose the excess dicyclo- 
hexylcarbodiimide. Thirty minutes later, the dicyclohexylurea was 
removed by suction filtration and washed with ether. The combined 
filtrate was extracted three times with 200-ml. portions of saturated 
sodium bicarbonate solution and two 200-ml. portions of water and 
was finally dried over anhydrous sodium sulfate. The ether was re- 
moved under reduced pressure, and the residue was dissolved in 
300 ml. of ether and left overnight t o  remove any residual dicy- 
clohexylurea. The ether was removed, and the residue was dissolved 
in 250 ml. of rz-hexane and kept overnight at  5". The resulting crys- 
tals were filtered, washed with ice-cold n-hexane, and dried under 
vacuum over phosphorus pentoxide. The crystals (26 g.) were 
recrystallized from 120 ml. of rt-hexane at 5" t o  yield 18 g. of product 
(42%, based on the reacted 3-O-benzylglycerol), m.p. 50-51 O .  


TLC, using a solvent system of n-hexane-diethyl ether (80:20 v/v), 
showed one spot having an Rj value of 0.60. 


A~ial.-Calc. for C26HazOa: C, 74.59; H, 10.11. Found: C, 74.89; 
H, 10.12. 


l-O-Palmitoyl-2,2-dimethoxy- 3 - 0 - henzylpropane (1V)-Com- 
pound 111 was ketalized in the presence of absolute methanol, 
trimethyl orthoformate, and a catalytic amount of concentrated 
sulfuric acid. 


Anal.-Calc. for CnsHasOs: C, 72.37; H, 10.41. Found: C, 72.42; 
H, 10.28. 
l-O-Palmitoyl-2,2-dimethoxy-3-hydroxypropane (V)-A solution 


of 9.0 g. of Compound IV in 150 ml. of u-hexane was debenzylated 
by shaking with 2 g. of palladium black at  20 p s i .  of hydrogen a t  
room temperature for 5 hr. The crude product (7.2 8.) was purified by 
silica gel column chromatography. The material was dissolved in 
10 ml. of warm n-hexane and applied on 210 g. of silica gel in a 
column of 3.7-cm. diameter. Five fractions were eluted and col- 
lected using the following solvent systems: Fraction I, 300 ml. 
n-hexane; Fraction 11, 300 ml. rz-hexane-diethyl ether (95:5 v/v); 
Fraction 111, 300 rnl. whexane-diethyl ether (90: 10 v/v); Fraction 
IV, 300 ml. whexane-diethyl ether (85:15 v/v); and Fraction V, 
300 ml. ti-hexane-diethyl ether (80:20 v/v). Fractions I and I1 
contained nonpolar contaminates, Fraction I11 contained some of 
the unreacted Compound IV, Fraction IV contained traces of 
Compound 111, and Fraction V contained 6.0 g. of Compound V 
(81 %yield); m.p. 45-46". 


Aml.--Calc. for CZLH&S: C, 67.34; H, 11.30. Found: C ,  67.43; 
H, 11.29. 


Cyclohexylammonium Salt of l-O-Palmitoyl-2,2-dimethoxypro- 
pane-3-phosphate (VII1)-Three grams of diphenyl chlorophosphate 


1 For analytical purposes and for monitoring column chromatogra- 
phy, TLC was carried out on a 0.25-mm. layer of silica gel G on 5 X 
20-cm. glass plates. The plates were activated in an oven at  I l O " ,  
and the solvents were freshly prepared before use. The components 
were visualized by charring the plates after they were sprayed with 
40% sulfuric acid. Silica gel, 7@325 mesh, was used to prepare columns 
of 1.9 and 2.7 cm. in diameter. Silica gel G for TLC and silica gel, 70- 
325 mesh, were purchased from Brinkmann Instruments, Inc. The melt- 
ing points were taken with a Mel-Temp melting-point apparatus and 
corrected. Elemental analyseS were performed by: Atlantic Microlab, 
Inc., Atlanta, Ga.; Spang Microanalytical Laboratory, Ann Arbor, 
Mich.; and Galbraith Laboratories, Inc., Knc,xville, Tenn. 
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Scheme I-Syntlmis of I-O-palmifoyl-2,2-dimetl1o.uypropat~e-3-phos- 
phafe cyclohexylrimmo~~ium salt ( R  = C15H3,) 


was added to  a solution of 3.0 g. of Compound V in 15 ml. of pyr- 
idine with stirring for 5 min. in an ice bath. The reaction flask was 
stoppered and kept a t  5" for 24 hr. A few drops of water were added 
t o  destroy the excess phosphorylating agent, the pyridine was re- 
moved under reduced pressure, and the syrupy residue was dis- 
solved in 200 ml. of benzene. The benzene solution was extracted 
once with 50 ml. of water, twice with 50-ml. portions of 1 N HCI, 
once with 50 ml. of water, twice with 5O-nd. portions of saturated 
sodium bicarbonate solution, and once again with 50 ml. of water, 
and was finally dried over anhydrous sodium sulfate. The solvent 
was removed under reduced pressure, and the residue was dried 
under vacuum, resulting in 4.7 g. of Compound VI. 


The phenyl groups were removed by hydrogenolysis. Compound 
VI was dissolved in 100 ml. of absolute ethanol and was shaken 
with 0.75 g. of platinum oxide at 15 p.s.i. at room temperature for 3 
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Scheme It-Synthesis of l-O-acetyl-2,2-dimethoxypropane-3-plios- 
phate cyclohexylammoriirrm salt 


hr. The catalyst was removed by filtration and washed with ethanol, 
and 8 g. of cyclohexylamine was added to the filtrate. The mixture 
was stirred overnight at  room temperature and cooled in an ice bath 
for 1 hr. The white solid was filtered, washed with ice-cold acetone, 
and dried under vacuum for a few hours. The crude product (3.4 g.) 
was recrystallized from 90 ml. of an absolute ethanol-acetone 
mixture (2: l), resulting in 2.7 g. (61 %, based on Compound V) of 
white crystals, m.p. 92-93". 


Aim/.-Calc. for C27H56NO8P: C, 58.56; H 10.19; N, 2.52; P, 
5.59.Found:C,58.69;H,l0.27;N,2.57;P,5.51. 
1-0-Acetyl-2,2-dimethoxy-3-hydroxypropane (1X)-This com- 


pound was prepared by the procedure described by Ballou and 
Fischer (18). The boiling point was 68-70' a t  0.1 mm. Hg. 


Cyclohexylammonium Salt of l-U-Acetyl-2,2-dimethoxypropane- 
3-phosphate (XI1)-The same procedure as described for the prep- 
aration for Compound VIII was used with the following exceptions: 
5 g. of Compound IX, 11 g. of diphenyl chlorophosphate, 1.5 g. of 
platinum oxide, and I0 g. of cyclohexylamine were used. After 
recrystallization from a chloroform-acetone mixture (1 :2), 7.6 
g. (54z. based on Compound IX) of white crystals was obtained, 
m.p. 163-165". 


Aim[.-Calc. for C l sH~lN~OsP:  C, 51.26; H, 8.82; N, 5.98; P, 
6.61. Found: C, 51.29; H, 8.48; N, 5.71 ; P, 6.64. 


Preparation of l-O-Palmitoyl-2,2-dimethoxypropane-3-O-phos- 
phorylethanolamine-The sequence of reactions used is illustrated 
in Scheme 111. Baer ei al. (21, 22) used a similar procedure in their 
synthesis of cephalin. 


Carbobenzoxyethanolamine (X1V)-This compound was pre- 
pared according to the procedure of Rose (23). 


l-U-Palmitoyl-2,2-dimethoxypropane- 3 -0-phenylphosphoryl-N- 
carbobenzoxyethanolamine (XV)-In a 200-ml. two-necked flask 
equipped with a magnetic stirrer, dropping funnel, and drying tube 
was placed 2.5 g. of phenyl phosphorodichloridate in 10 ml. of 
dry pyridine. The flask was immersed in an ice bath, and a solution 
of 3 g. of Compound V dissolved in 10 mi. of ethanol-free chloro- 
form was added over a period of 15 min. The mixture was kept for 15 
hr. a t  5", the temperature was then raised to lo", and 2.3 g. of 
carbobenzoxyethanolamine in 10 ml. of pyridine was added. The 
mixture was allowed to  stand at room temperature for 16 hr. The 
solvent was removed under reduced pressure, and the viscous resi- 
due was dissolved in 300 ml. of ether. The ether solution was 
washed rapidly with two 100-ml. portions each of 2 N HzS04, water, 
saturated sodium bicarbonate solution, and water. The solution was 
dried over anhydrous sodium sulfate and evaporated under re- 
duced pressure. The oily crude product was purified with silica gel 
column chromatography. Four grams of the material was placed 
on 70 g. of silica gel in a column of 1.9-cm. diameter. The column 
was eluted with 300-ml. portions of the following solvents: 
Fraction I, chloroform-benzene (9 : 1 v/v); Fraction 11, chloroform; 
Fraction 111, chloroform-methanol (95 :5 v/v). Fraction I11 con- 
tained 2.2 g. of Compound XV, n'," 1.5028. 


1-0-Palmitoyl- 2,2 - dimethoxypropane - 3 - 0 - phosphorylethanol- 
amine (XV1)-A solution of Compound XV in 100 ml. of absolute 
ethanol, containing 300 mg. of platinum oxide and 500 mg. of pal- 
ladium black, was hydrogenated a t  15 p.s.i. at  room temperature 
for 3 hr. The catalysts were removed by filtration and washed with 
50 ml. of absolute ethanol. The ethanol was removed under re- 
duced pressure, and the white solid product was purified by column 
chromatography. The material was dissolved in about 5 nil. of 
chloroform and placed on 80 g. of silica gel in a column of 1.9-cm. 
diameter. The column was eluted with 300 ml. of chloroform and 
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subsequently with 300-ml. portions of a chloroform-methanol 
mixture, and the following fractions were collected: Fraction I 
(9:1), Fraction 11 (8:2), Fraction I11 (7:3). and Fraction IV (6:4). 
Compound XVI was obtained from Fractions 111 and IV. The 
solvent was removed under reduced pressure; the white solid 
product was dissolved in 10 ml. of chloroform and suction filtered. 
The chloroform was removed under nitrogen, and any residual 
chloroform was removed under vacuum in a dessicator over phos- 
phorus pentoxide, resulting in 700 mg. of product, m.p. 161-163" 
(with prior softening). TLC, using solvent systems of chloroform- 
methanol (8 :2 v/v) and chloroform-methanol-water (65:25 :4 
v/v/v), revealed one spot with Rf values of 0.10 and 0.46, respec- 
tively. It gave a positive ninhydrin test. 


Anal.-Calc. for G3H4*N08P: C ,  55.51;H,9.72;N, 2.81; P, 6.22. 
Found: C, 55.17;H, 9.54; N, 2.72; P, 5.99. 
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Potential Antihistamines with Increased 
Receptor Specificity 


P. PARIMOO*, B. F. GRABOWSKI', and W. G .  HANEY, Jr. 


Abstract 0 A series of N,N-dialkylaminoakyl aniline derivatives 
were designed and prepared to elicit selective antihistaminic ac- 
tivity. As a result of the relative polarity of these compounds, un- 
desirable CNS, adrenergic, and anticholinergic activities are ex- 
pected to be less than those of the more lipophilic antihistaminic 
compounds. The intermediate substituted aniline derivatives were 
prepared by base-catalyzed substitution of aniline and were then 
N-acylated with 2-bromopropionyl bromide. Characterization of 
the synthesized compounds was accomplished by elemental analyses 
and IR and NMR spectroscopy. 


Keyphrases 0 Antihistamines, potential-synthesis of aniline deriv- 
atives for increased receptor specificity 0 Aniline, N,N-dialkyl- 
aminoalkyl derivatives-synthesis, designed to elicit selective anti- 
histaminic activity 0 N-Alkyl-N-[l-(2-bromopropionyl)]aniline 
derivatives-prepared as selective antihistaminic agents 


Many classical medicinal chemical studies have been 
designed to elucidate drug-receptor interactions. In a 
typical study (l), a series of compounds is synthesized 


and evaluated for a particular type of pharmacological 
activity. Important inferences may be made concerning 
the nature of the drug-receptor interaction from the 
structure-activity relationships evolved from such a 
study. On the basis of these inferences, drugs may be 
prepared which are assumed to have the characteristics 
necessary for a strong interaction with the receptor 
(21. 


This approach has been very fruitful and has led to 
the production of many potent drugs. However, as 
more active drugs become available in an area of 
therapy, it becomes apparent that there is not neces- 
sarily a relationship between drug potency and drug- 
receptor specificity. For example, an analgesic com- 
pound such as morphine exhibits anticholinergic ac- 
tivity (3), sympatholytic activity (4), e tc . ,  in addition 
to the desired activity. Thus, a potent drug which 
interacts strongly with the receptor may also interact 
with other types of receptors and produce side effects. 
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Role of Drug Metabolism in Drug Research and Development: 
View of a Medicinal Chemist 


FRANK H. CLARKE 


Abstract 0 This short review is an attempt to illustrate, with a few 
specific examples, how useful the results of drug metabolism studies 
are to the medicinal chemist who is seeking to improve the physio- 
logical properties of a potential new medicinal agent. The medicinal 
chemist must keep abreast of the studies of his associates who are 
evaluating his new compound as a potential drug. Only with close 
cooperation and teamwork among all concerned will the full poten- 
tial of the new discoveries of medicinal chemistry be realized. 


Keyphrases Drug metabolism-role in drug research and develop- 
ment, symposium 0 Medicinal chemists-use of drug metabolism 
studies to design and synthesize potential new drugs 0 Development 
of new drugs-use of drug metabolism studies by medicinal chemists 


It is the responsibility of the medicinal chemist to 
design and synthesize potential new drugs. Usually he 
seeks a lead to a new chemical class of medicinal agents 
and then develops this lead until a compound is selected 
for clinical evaluation. Attention will be focused here on 
how a knowledge of drug metabolism assists the 
chemist in the design of the lead compound and in its 
development toward a selected clinical candidate. 


FINDING THE LEAD COMPOUND 


Let us first consider how the new lead is discovered. In many 
areas of medicinal research, a natural product was modified to  find 
a new and more useful drug. Morphine (I), from the opium poppy, 
has been modified to provide the antitussive dextromethorphan (11) 
and, more recently, the analgesic pentazocine (III), each with 
superior properties. Penicillin (IV) was found to be a superb anti- 
biotic but was ineffective against staphylococcal infections be- 
cause of hydrolytic inactivation by the penicillinases. A knowledge 
of this metabolic inactivation led to the development of methi- 
cillin (V) which can be used to treat penicillin-resistant infections. 
Modification of the tetracycline (VI) antibiotics led to methacycline 
(VII) and doxycycline (VIII) which retain activity and are better 
absorbed from the GI tract because of enhanced lipid solubility. 
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Although the origins of many other drugs, such as the steroid hor- 
mones, the glucocorticoids, the amphetamines, and even aspirin, 
can be traced to  natural products, a surprising number of useful 
drugs owe their discovery to serendipity --often in the clinic. The 
tranquilizers and antidepressants such as chlorpromazine (IX), 
perphenazine (X), imipramine (XI), and amitriptyline (XII) fall 
into this category. Of course, it should be made clear that although 
the discovery of the exciting clinical usefulness of these drugs was 
serendipitous, there was initially a rational basis for the testing of 
these compounds in man. Thus, the phenothiazines and iminodi- 
benzyl derivatives were first studied as potential antihistamines to 
which they bear a strong structural resemblance. With the initial 
drugs as leads, medicinal chemists were soon able to provide 
congeners with enhanced potency and with new spectra of thera- 
peutic effectiveness. 


Every medicinal chemist dreams of becoming the discoverer 
of a completely new chemical class of drugs. In this respect, 
few are as fortunate as Dr. Sternbach of Hoffmann-La Roche who 
first prepared chlordiazepoxide (XIII) and diazepam (XIV). 
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Nevertheless, much exploratory research is carried out with new 
classes of chemical compounds in the search for useful activity. We 
all know of medicinal chemists who believe they have found the 
perfect drug--all that must be done now is t o  discover a disease it will 
cure. 


New discoveries such as those of chlordiazepoxide and diazepam 
are few and far between. In  the meantime, there is a growing body of 
knowledge concerning the nature of disease and the biochemical 
reasons for abnormal function. As biochemistry and even biology 
provide explanations at  the molecular level, it may one day be 
possible to point to an ideal example of a drug that was the result of 
rational design. Today, however, there are many approaches to 
rational design in which the medicinal chemist may use his intuition 
and his knowledge of what is wrong with existing therapy and 
design new compounds that will be superior t o  the best drugs now 
in use. 


DEVELOPING THE LEAD 


Let us first look at  the discovery of same typical drugs. 
The discovery of the local anesthetic properties of the alkaloid 


cocaine ( X V )  (1) led to the elucidation of its structure and the 
synthesis and testing of simplified versions of the molecule. Even- 
tually these led to benzocaine (XVI) which was effective topically 
but was too insoluble to be useful by injection. Further studies led 
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to procaine (XVII), which became the leading local anesthetic for 
50 years. In 1936 the antiarrhythmic action of procaine was dis- 
covered (2) and a search was begun for an analog that would be 
longer lasting and not so readily hydrolyzed by esterases in the 
body. The result was the discovery of procainamide (XVIII), a 
very effecttve antiarrhythmic agent that is stable and has a pro- 
longed duration of action. 


In a rational approach to  chemotherapy, Hitchings and Elion (3) 
looked for compounds that would act as antimetabolites and 
interfere selectively with nucleic acid biosynthesis in parasitic 
microorganisms. Their search led to the useful antileukemic agent, 
6-mercaptopurine (XIX). This drug had a major fault, however, 
because most of the drug is rapidly destroyed in the body and 
excreted as inactive products. Hitchings and Elion reasoned that it 
might be possible to attach a removable group to the drug, one that 
would be labile in the leukemic cell. Azathioprine ( X X )  was selected 
as a derivative with the right properties; but as an antileukemic, it 
proved to be no better than 6-mercaptopurine. Later, the immuno- 
suppressive properties of 6-mercaptopurine were discovered by 
Schwartz and Dameshek (4); and when azathioprine was tested, it 
was found to be much more effective in the prevention of immuno- 
logical rejection of organ transplants. In its first 7 years of use, 
azathioprine was the basic component in the immunosuppressive 
regimen of most of the kidney transplant and heart transplant 
subjects (4). 
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Lucanthone (XXI) is an orally effective schistosomicidal agent 
that is not active by injection ( 5 ) .  The reason for this puzzling 
observation was found by scientists at Sterling-Winthrop Research 
Institute; they discovered that following oral administration in 
primates, lucanthone is converted to  the active metabolite hycan- 
thone (XXII). It is known that the bloodstream into which drugs are 
absorbed from the small intestine goes first to the liver where 
metabolism occurs. On the other hand, compounds absorbed from 
muscular injection sites may be carried to all parts of the body 
without prior metabolism in the liver. The discovery that hycanthone 
was the effective agent led Sterling-Winthrop to widespread clinical 
trials with a “one-shot’’ injectable cure for schistosomiasis. 


With procainamide, azathioprine, and hycanthone as examples, 
it is easy to see that the medicinal chemist must keep the results of 
drug metabolism studies in mind when he is exploring new series of 
potential medicinal agents. 


ROLE OF PHYSICAL PROPERTIES 
It may seem obvious that a drug must dissolve in an aqueous 


medium of the GI tract before it can be absorbed into the circu- 
lation. In a review of the absorption of drugs from the GI tract, 
Brodie (6) pointed out that the intestinal wall acts as a lipid barrier 
so that some lipid solubility is also required. In many cases the ratio 
of lipid to aqueous solubility is a very important factor in drug 
action. In fact, Mautner and Clemson (7) concluded that physical 
characteristics such as these rather than three-dimensional structures 
are responsible for the physiological activity of the barbiturates. 
The amount of administered drug that gains access to the CNS 
depends on lipid solubility; for an acidic or a basic drug that is 
largely ionized at physiological pH, increased lipophilicity can be 
provided not only bq increasing the part of the molecule that is non- 
polar but by alteringits pKa. For the narcotic analgesics (8) and the 
barbiturates (7), the concentration of drug that enters the CNS 
appears to be correlated with organic solvent-aqueous buffer 
partition ratios. Brodie (6) showed that similar considerations 
must be taken into account for absorotion into the bloodstream 
from the GI tract. 
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In considering the solubility properties of a potential drug, it is 
important to remember that it is the rate of solution and not the 
equilibrium solubility that is important for oral absorption (6). 
The drug only remains in a particular portion of the GI tract for a 
short time, and laboratory measurements of solubility must take 
this fact into consideration. Although the drug first encounters the 
strongly acidic medium of the stomach, our own experience has 
shown that it is a mistake to believe that if the hydrochloride salt 
of a potential drug is not soluble, other salts or even the base should 
not be studied. The chemist tests for aqueous solubility under simpli- 
fied conditions. Thus, a water-soluble methanesulfonic acid salt 
may precipitate as an insoluble hydrochloride with the addition of 
hydrochloric acid in the test tube. However, the same salt may 
remain as a supersaturated solution in the stomach for a time and 
become absorbed later from the intestine where the pH is closer to 
7. 


Although most often the medicinal chemist is concerned that his 
new compound will not be well absorbed, there are many instances 
in which slow absorption is a distinct advantage. Cycloguanil 
(XXIII) is a case in point (9). It is well known that after the intro- 
duction of chlorguanide (XXIV) hydrochloride for the chemo- 
therapy of malaria, it was discovered that the parent compound was 
inactive per se and cycloguanil was the active metabolite. However, 
cycloguanil hydrochloride is rapidly excreted in the urine and a 
large number of less soluble salts were studied in the search for an 
effective depot formulation. The study culminated in the selection 
of the pamoic acid (XXV) salt for large-scale clinical evaluation, and 
it was found that single intramuscular injections afforded protection 
for 8-12 months against susceptible strains of Plasmodium. 


An interesting and more recent application of a pamoate salt was 
described (10) for naloxone (XXVI), which is a short-acting narcotic 
antagonist. The new salt is under study for the treatment of physical 
dependence on heroin. An injection of the pamoate salt provides a 
much longer pharmacological effect, and clinical studies are planned 
hv Endo Laboratories. - <  


Other methods of prolonging drug action are also under study. 
Repository implants of silicone rubber (silastic) containing the 
antimalarial drug pyrimethamine were found to offer protection 
against Plasmodium in mice (9). Other studies are in progress con- 
cerning the slow release of progesterone from a small membrane- 
enclosed drug reservoir placed in the uterus to prevent implantation 
(11). A new product, expected to be marketed in 1972, will have 
pilocarpine imbedded in a plastic film device that is placed under 
the eyelid to treat glaucoma (11). Even more revolutionary are 
studies of drug delivery systems in which the drug is released from 
a bandage directly into the bloodstream after slow absorption 
through the skin (1 1). 


ROLE OF DRUG METABOLISM 
Important as delivery systems are, the chemist must first find the 


useful new medicinal agent. He will find it helpful to know some- 
thing of drug metabolism to design his compound to survive the 
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body’s metabolic defenses while avoiding toxic side effects. It is not 
practical in this presentation to review the many metabolic pathways 
known to affect drugs, but it may be of interest to discuss some of 
the useful features of these pathways with some specific examples. 


Metabolism usually converts the drug to a more polar compound 
which is more easily eliminated from the body. This appears to be 
the general rule but there are many exceptions, some of which we 
shall discuss later. Compounds with phenolic or alcoholic hydroxy 
groups are converted to conjugates such as glucuronides or sulfate 
esters (12) which have a much lower lipid-water partition CO- 
efficient and are often excreted in the urine after passage through 
the kidney. On the other hand, other glucuronides pass from the 
liver to the bile and enter the GI tract. Here they may be hydrolyzed 
and reabsorbed from the intestine, thus providing the bloodstream 
with a new increase in the drug concentration. This appears to be 
the case with many of the narcotic analgesics (8). 


E. J. Ariens’ (13, 14) reviews are very useful to the medicinal 
chemist who is seeking to apply metabolic studies to the design of 
new medicinal agents. A glance at recent issues of the Journal 
of Mc.diciiiul Chemistry reveals that many medicinal chemists are us- 
ing these principles in their syntheses of potential new medicinal 
agents. Let us look at only a few typical examples. 


As already mentioned, procainamide was designed to be longer 
acting by delaying its inactivation through hydrolysis. Metabolic 
inactivation may often be slowed down considerably by formation 
of a stable ester. Thus, the duration of action of the immuno- 
suppressive and antileukemic agent cytarabine was lengthened con- 
siderably by formation of its 5’-ester (XXVII) with adamantoyl 
carboxylic acid (15). This and other esters are cleaved by esterases 
in human serum to provide the biologically active cytarabine. It is 
well known that less soluble esters of estrogens and androgens 
provide depot forms of these hormonal steroids. 


Metaraminol (XXVIII) has shown significant antihypertensive 
activity in man, but it can also produce acute pressor effects which 
are undesirable (16). Saari et al. (17) reported that the m-chloro- 
benzyl ether (XXIX) is slowly dealkylated metabolically to metar- 
amino1 and that in dogs, at least, its administration is not accom- 
panied by the pressor response seen when metaraminol itself is 
administered. On the other hand, esters of the side-chain alcohol of 
metaraminol (XXX) either showed greatly diminished activity 
(as judged by norepinephrine depletion) or also provided a pressor 
response (16). 


There are other ways in which metabolism may be modified to 
increase the plasma half-life of a drug. Thus, the half-life of the 
oral antidiabetic tolbutamide (XXXI) was increased from 5.7 to 
33 hr. by replacing the metabolically labile methyl group with a 
chloro substituent (XXXII) (18). The new 0-blocking agent sal- 
butamol (XXXIII) has a hydroxymethyl substituent and a tertiary 
butyl group which, in contrast to isoprenaline (XXXIV), render 
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this compound resistant to the metabolizing enzymes catechol 
o-methyltransferase and MAO, respectively. Accordingly, sal- 
butamol is reported to have a longer half-life than isoprenaline (19). 


It was mentioned earlier that most drug metabolites are more 
polar than the parent compound and, as a consequence, are elimi- 
nated more rapidly by the kidney or in the bile. A recent study by 
Chionini et d. (20) suggested that this is not always the case. 
Usually, hydroxylation of a phenyl ring is believed to provide a 
route for the body to form a glucuronide or sulfate ester prior to 
elimination of the drug. However, these investigators reported 
that in the case of the acidic anti-inflammatory 1,2-benzothiazine-3- 
carboxanilide (XXXV) the parent compound has a shorter half-life 
(21 hr.) in man than that of its metabolite (XXXVI) (37 hr.). 
Similarly the half-life of the related drug (XXXVII) (8.5 hr.) is 
shorter than that of its metabolite (XXXVIII) (15 hr.) (21). One 
must use caution, therefore, in the application of metabolic results 
to the design of new medicinal agents, and there is still no generaliza- 
tion that is a sure substitute for the actual experiment. 
In some cases, it may be desirable to provide a drug with a 


shorter duration of action to avoid toxic effects and to provide 
greater control over the action of the drug. An interesting case, 
referred to by Ariens (13), is baycaine (XXXIX), a short-acting 
local anesthetic which is readily hydrolyzed by plasma and liver 
esterase and is thus devoid of systemic toxicity. 
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Role of Drug Metabolism in Drug Research and Development: 
Factors Affecting Metabolism of Drugs and Their 
Pharmacological and Toxicological Activity 


BITTEN STRIPP’ and JAMES R. GILLETTE 


Abstract 0 Drug effects are influenced by binding to target sites, by 
inhibition or induction of hepatic drug-metabolizing enzymes by 
various agents, and by the formation of physiologically active me- 
tabolites in the liver aswellas inextrahepatictissue. Knowledgeof the 
principles involved provides a better understanding of the pharma- 
cological action of a drug and helps in the design of less toxic 
drugs. 


Keyphrases ‘J Drug metabolism-role in drug research and de- 
velopment, symposium 0 Pharmacological, toxicological activity- 
effects of binding, hepatic drug-metabolizing enzymes, formation of 
active metabolites ‘J Toxicological activity of drugs-effects of 
binding, hepatic drug-metabolizing enzymes, formation of active 
metabolites 0 Metabolizing enzymes, drug-inhibition, induction, 
effect on drug metabolism 0 Metabolite formation-effect on drug 
metabolism 


Although the pharmacological effect of a drug is 
determined by a number of factors, such as absorption, 
distribution, excretion, and metabolism, it is generally 
terminated by the conversion of the therapeutic agent 
into nonactive metabolites. Sometimes a change in 


metabolism may affect the pharmacological activity in a 
predictable way, and plasma levels of a drug can be 
directly related to  the effect of the drug. But when a 
compound has to be converted to an active metabolite 
to  exert its activity, as is seen with imipramine and a 
number of cholinesterase inhibitors of the phosphoro- 
thionate type, a correlation between plasma levels of the 
drug and its activity is usually not observed. Moreover, 
some drugs during their metabolism can be irreversibly 
or pseudoirreversibly bound to the target organ and 
exert their activity long after they are undetected in 
plasma. This occurs with cholinesterase inhibitors and 
reserpine. In these cases the complex interplay of the 
above-mentioned factors that determine the effect of a 
drug will quite often make it impossible to  predict the 
effects of inhibitors or inducers of drug metabolism on 
the pharmacological effect of the drug. There are 
general principles, however, regarding the effects of 
inhibitors or inducers of drug-metabolizing enzymes on 
drug action ; these principles can be helpful to the 
pharmacologist who is evaluating a new drug. 
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Separation and Determination of Barbiturates in 
Pharmaceuticals by High Speed Liquid Chromatography 


ROBERT W. ROOS 


Abstract 0 A high speed liquid chromatographic method for the 
separation, identification, and quantitative determination of bar- 
biturates in pharmaceutical dosage forms is described. The method 
is accurate, simple, rapid, and sensitive. The limit of detectability 
with spectrophotometric detection a t  254 nm. is 0.5-1.5 ng. Sep- 
aration for identification and analysis is achieved on a strong anion- 
exchange column utilizing an alkaline (0.01 M sodium borate + 
0.03 A4 sodium nitrate) or acid (0.01 M citric acid) aqueous mobile 
phase. It is possible to predict the inlet pressure, flow rate, and mo- 
bile phase ionic strength necessary to achieve a predelermined 
retention time. High speed liquid chromatographic separations of 
16 barbiturates were studied on a strong cationexchange column 
and on a permanently bonded partition column-a reverscd phase 
partition system. A study of the response of peak height and area 
to inlet pressure (flow rate) variations indicated that peak height is 
disturbed less than area. The response of the U V  detector to pheno- 
barbital is described by a simple equation relating peak area and 
mass of the component. 


Keyphrases Barbiturates --separation, analysis, high pressure 
liquid chromatography 0 High pressure liquid Chromatography -.- 
separation, analysis, barbiturates 


The utilization of high speed liquid chrornatog- 
raphy in pharmaceutical analysis has recently been 
reported. For example, Henry and Schmit (1) de- 
scribed the separation of some common analgesics 
as well as the quantitative determination of N-acetyl-p- 
aminophenol, Talley (2) reported the separation and 
determination of several highly polar pyridine isomers, 
and Henry et af. (3) described the separation of various 
steroids. In addition, Kram (4) described the high speed 
liquid chromatography behavior of a large number of 
sulfonamides on a strong anion-exchange column, 
utilizing an alkaline mobile phase of variable ionic 
strength. However, the potential applicability of high 
speed liquid chromatography in this area is yet to be 
realized. 


Although GC (5-8) has been effective in the past for 
the separation and quantitation of the barbiturates, an 
important group of drugs, some complications do exist. 
At times the sample preparation prior to injection has 
been laborious. For example, when the barbitwales are 
present as salts, acidification is necessary to  obtain the 
thermally stable acid forms. This is accomplished by 
addition of an organic acid in acetone (9) or by organic 
solvent extraction from an aqueous acid (10, 11). 
Another consideration arises from the nature of the 
pharmaceutical dosage form, which often makes pre- 
paratory steps necessary. When the barbiturates are 
present in aqueous systems, such as elixirs, they require 
solvent extraction prior to  injection. Finally, the 
chromatographic behavior is complicated by thc polar 
nature of the acidic imine found in the barbiturates, 
which causes adsorption on various GC columns (12), 
resulting in excessive tailing (e.g. ,  phenobarbital) and 
some irreversible sample loss. The practical consequence 


of this factor is that quantitative measurement and 
detection in the submicrogram region using GC is 
difficult, even with the application of flame-ionization 
detection (1 3) .  


The present work describes the successful separation 
and determination of a number of barbiturates by high 
speed liquid chromatography, a technique that permits 
circumvention of the problems found in GC. Even 
though the application of liquid chromatography to the 
separation of four barbiturates was previously reported 
by Anders and Latorre (14), the conditions used to 
achieve separation, such as gradient elution and high 
column temperature (SO'), did not appear suitable for 
extension into pharmaceutical analysis. 


This paper has a number of objectives: ( a )  to  show 
that a large number of barbiturates are amenable to 
separation and analysis by simple liquid chromatog- 
raphy procedures, (6) to  demonstrate that elution 
patterns may be altered by effective variation of either 
the mobile or immobile phase, (c) to  show that barbi- 
turates can be detected readily at the submicrogram 
level, and (d )  to indicate that the effect of pressure (or 
flow rate) changes on peak heights and areas is orderly 
and predictable. 


EXPERIMENTAL 


Apparatus 


A liquid chromatograph' equipped with a U V  detector (254-nm. 
radiation using a low pressure mercury source, and a detector cell 
volume of 7 PI.) absorption photometer was used throughout this 
study. Instrumental features were previously described by Felton 
(15). and the use of this type of detector for liquid chromatography 
was discussed in detail by Kirkland (16, 17). 


Columns 


All columns used are commercially available from the instrument 
manufacturer and are 1 m. X 2.1 mm. i.d. X 0.6 cm. (0.25 in.) o.d., 
precision bore stainless steel tubes, containing the following sta- 
tionary phases: ( a )  Column 1, strong anion zxchanye (quaternary 
ammonium substituted methacrylate polymer? coated 1 >: by weight 
on a controlled porous surface:'), (b)  Column 2, strong cation ex- 
change (sulfonated fluorocarbon' coated 1 % by weight on a con- 
trolled porous surface), and ( c )  Column 3, a partition column (an 
ether stationary phase chemically bondedS to a controlled porous 
surface3 by meansof aSi-0-Si bond,containing approximately 1 :< 
stationary phase by weight). The strong anion- and strong cation- 
exchange columns were operated a t  ambient temperature (25.0 f 
0.5"), and the partition column was operated at  50'. 


I Du Pont model 820, equipped with a model 410 U V  detector. E .  I .  


? SAX, du Pont. 
3 Zipax, du Pont. The characteristics of Zipax were described by 


5 Permaphase-ETH. d u  Pont. 


du Pont de Nemours and Co.. Wilmlngton, Del. 


Kirkland (18). 
4 SCX. du Pont. 
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Table I-Retention Time in Minutes (Relative to Methanol) for Some Barbiturates 


7-- Column la __ - 
0.01 M Sodium Borate + -Column la-  -Column 2b- -Column 3 ~ -  


Mobile Phase 0.01 M d  0.03 Md 0.05 Md -0.01 M Citric Acid- Water 


2 .44  0 . 2 8  
3 .39  0 . 7 9  
5 .39  1 .06  
5 .24  1.50 
5 .87  1 .26  
6 .65  2 .76  


Barbituric acid 1.96  0 .59  0 . 5 5  0 . 8 7  0.01 -0.24' 
Barbital 2.58  0 .75  0.70 0 . 7 5  0.01 0 . 3 9  
Metharbital 5 .25  1.55 1.27 1.38 
Vinbarbital 6 .02  1.78 1 .48  4 .21  0 .91  I . 69  
Allobarbital 6.41 1.91 1 .56  
Aprobarbital 8.05  2.41 1.88 
Butethal 10 .2  3 .09  2 .42  
Butabarbital 10.7 3 .22  2 .66  
Butalbital 10.7  3 .25  2 . 6 6  
Hexobarbital 11.8 3 .66  2.81 


Talbutal 17.9 5.59 4 .38  
Phenobarbital 19.5 5.75 4 . 6 9  
Amobarbital 20 .2  6.25 4 . 9 2  
Pentobarbital 24.1 7.50 6 . 0 2  
Mephobarbital 32.3  10.5 8.21 


- .- 


Heptabarbital 14.1 4 .28  3 .44  


Secobarbital 39.6  12.7 10.0 21.3  3 .86  7 .99  
Methanol 3.21 3.21 3.21 5 .40  3 .70  3 .74  
Pressure at inlet, psig. 500 500 500 600 700 300 
Flow rate, ml./min. 0 .48  0 .48  0 . 4 8  0 . 3 6  0 . 4 0  0 . 4 0  
Column temperature 25 f 0.5" 25 f 0.5"  25 f 0.5" 25 rt 0.5" 25 f 0 . 5 "  50.0" 


' Strong anion-exchange column (SAX, du Pont). Strong-cation exchange column (SCX, du Pont). Reversed-phase partition column (ETH 
Permaphase, du Pont). Molarity, sodium nitrate (aqueous). Elutes prior to methanol emergence. 


Mobile Phases 


The following mobile phases were utilized in this study: (a) 0.01 
M sodium borate + sodium nitrate (variable), ( h )  0.01 Mcitric acid, 
and (c)  water. Solid reagents were ACS certified grade. Prior to use, 
the mobile phases were purged with nitrogen to  remove dissolved 
oxygen. 


Solvent and Standards 


Methanol was a satisfactory solvent for both the barbituric acids 
and their sodium salts. Chromatographic retention of methanol was 
minimal and, therefore, was considered as nonretained. Barbiturates 
were all laboratory working standards, with prior assay by conven- 
tional methods at 99.0% purity or higher. The concentrations of the 
barbiturates used for the collection of retention data were varied: 
0.2 mcg./pl. for the sodium borate mobile phase, 0.1 mcg./pl. for 
the aqueous mobile phase, and 2.0 mcg./pl. for the citric acid mobile 
phase. Samples of 5 11. of standard solution were injected, using a 
10-pl. Hamilton microsyringe, while the mobile phase was flowing. 


Quantitative Analysis 


In this study, barbiturates (acids and salts) were quantitatively 
determined in commercial preparations using the strong anion-ex- 
change column (ambient temperature) in both alkaline and acid 
mobile phase systems. Since each mobile phase system has a different 
preparation as well as UV detection characteristics, each will be 
discussed separately. However, the alkaline mobile phase is most 
applicableand will receivethe most attention. Although two methods, 
labeled A and B, are offered as guides, such variables as ionic 
strength or inlet pressure (flow rate) may be changed to meet a 
specific need, 


Method A: Alkaline Mobile Phase-Chromatographic Conditions 
-The mobile phase is 0.01 M sodium borate and 0.03 M sodium 
nitrate (may be varied). The inlet pressure and flow rate are 500 
psig.6 and 0.48 ml./min. (may be varied), respectively. The UV de- 
tector (aufs)' setting is variable. 


Sample So/utio/i--A sample of the powder (e .g . ,  a composite of 
tablets or capsules) is accurately weighed or the liquid ( e . ~ . ,  an 
elixir) is accurately measured so as to contain an estimated 8 70 me. 
of barbiturate and it is quantitatively transferred to a 100-ml. volu- 
metric flask. I f  the sample is a solid, methanol is added to achieve 
solution. 


T o  act as an internal standard, an alternative barbiturate is cho- 
sen (as described subsequently), and an appropriate sample size (as 


6 Pounds per square inch gauge. 
Absorbance units full scale. 


1 . 8  2 . 4 0  
9 .25  1.89 
9 .57  0 . 1 6  
1 . 4  2 .36  
3 . 3  3 .03  
4 . 8  2.91 


0 . 9 8  
1 .61  
2 .20  
2 .28  
2.91 
3 .82  
5 . 0 0  
3.58 
2 .44  
4 .69  
5 .00  
6 .34  


described subsequently) is accurately weighed and quantitatively 
transferred to the IWml .  volumetric flask containing the sample. 
Dilute the solution to  volume with mixing using methanol. Although 
the choice of internal standard is arbitrary, as a rule the most suitable 
choices are those having retention ratios (defined as internal stan- 
dard absolute retention time divided by sample absolute retention 
time) between 0.6 and 0.8 (elution before the sample) or 1.2 and 1.4 
(elution after the sample). This value provides for closeness of elu- 
tion while ensuring quantitative separability. The quantity of inter- 
nal standard to be used may be conveniently calculated using Eq. 1 : 


where M I  is the weight (milligrams) of internal standard to be added; 
M2 is the weight (milligrams) of barbiturate estimated in the sample 
for analysis; and trl and are the absolute retention times for the 
internal standard and the sample barbiturate, respectively. 


The absolute retention times (adjusted retention time plus the 
solvent emergence) may be obtained from Table 1. 


Staiidard Solufiori--A standard solution, containing internal 
standard and sample barbiturate in the same quantities chosen for 
the sample solution, is prepared concurrently. 


Cliromo/ograp/iy- -Make preliminary injections of the standard 
solution to determine the UV detector (in terms of aufs) and sample 
volume to  give a 5(r70% full-scale response. When the instrumental 
settings and samplc volume have been satisfactorily determined, 
inject a number of sample volumes for quantitative analysis. Mea- 
sure the peak heights or areas of both the internal standard and 
samplc barbiturate. 


Ca/crilrtiu/u-~~The total quantity of sample barbiturate taken for 
analysis may be calculated using Eq. 2: 


where R represents peak height or peak area; M represents weight 
(milligrams); and subscripts 1, 2, 3, and 4 represent the sample 
barbiturate, the standard barbiturate, the internal standard in the 
standard solution, and the internal standard in the sample solution, 
respectively. 


Calculation of the quantity of barbiturate per dosage unit can be 
achieved by introduction of appropriate factors into Eq. 2. 


Method B: Acidic Mobile Phase-ChromaroKraphic Conditions- 
The mobile phase is 0.01 M citric acid. The inlet pressure is 1000 
psig. (may be varied). The UV detector (aufs) setting is variable. 


Sample Sduiiow -An accurately measured sample of the solid or 
liquid containing the barbiturate is quantitatively transferred to a 
50-nil. volumetric flask and dissolved in methanol. Since the molar 
absorptivities of the barbiturates in acidic aqueous media vary con- 
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siderably, the weights of the sample and internal standard must be 
determined experimentally. For example, 40 mg. phenobarbital, 100 
mg. aprobarbital, and 140 mg. butabarbital are suitable sample and 
internal standard weights and will give equivalent peak  heights 
under the stated conditions. After the internal standard is added and 
dissolved, methanol is added to bring the solution to  volume. 


Standard Solution-A standard solution, containing the internal 
standard and sample barbiturate in the same quantities chosen for 
the sample solution, is prepared concurrently. 


Chromatography and Calculations-These are carried out as in 
Method A. 


RESULTS AND DISCUSSION 


Column and Mobile Phase Variation-The chromatographic 
behavior of the barbiturates studied is summarized in Table I. 
This tabulation includes the use of three different chromatographic 
columns and five different mobile phases. Adjusted retention times 
(retention time relative to the solvent) are listed in preference to 
absolute retention times (retention time from injection) for more 
effective comparison of mobility behavior. The latter can be cal- 
culated from available data. 


Most of the data was obtained using a strong anion-exchange 
column with an alkaline sodium borate (pH 9.0) mobile phase and 
variations in ionic strength (Table 1: columns 2,3, and 4). As is also 
true in conventional ion-exchange chromatography, an effective 
way to alter mobility is to vary ionic strength. This responst: is noted 
in the data for the barbiturates: the greatest degree of separation is 
at  the lowest sodium nitrate molarity (0.01 M) but the retention time 
may be shortened by increasing the mobile phase ionic strength. 
This finding is consistent with the concept of competition for anion 
bonding sites between the nitrate and the barbitura'te anion, the 
latter being present in the alkaline mobile phase a t  concentrations 
dependent on the acid strength of the barbiturate. For the alkaline 
medium, the overall order of retention times is independent of the 
mobile phase ionic strength, behavior that might be expectcd from a 
family of compounds. Other studies (1 ,  4) have been based on the 
use of a similar chromatographic system-viz., a strong mion-ex- 
change column and an  alkaline mobile phase of adjustable ionic 
strength. 
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Figure 1-Liquid chromatogram of nine barbiturates on a strong 
anion-exchange column (Column lJ  using a 0.01 M sodium borate + 
0.03 M sodium nitrate mobile phase. Instrumenid conditbms were: 
inlet pressure and flow rate, 500 psig. and 0.48 mIJmitr., respectively ; 
UV detector sensitivity, 254 nm., 0.08 aufs; and column teniperature, 
25.0 f 0.5". 


A liquid chromatogram of nine barbiturates, using the 0.01 M 
sodium borate + 0.03 M sodium nitrate mobile phase system, is 
presented in Fig. 1. Although baseline separation is not achieved and 
some overlapping occurs, the compounds are quantitatively sepa- 
rated owing to the symmetrical nature of the peaks. Since column 
efficiency increases as the flow rate decreases, the barbiturates can 
be further resolved. Most of the barbiturates in this chromatogram 
are listed in the official compendia ( I  1, 19) and are frequently found 
in therapeutic combinations. Amobarbital (absolute retention time 
9.46 min.), which is not included in Fig. 1, is well separated from 
secobarbital, a compound with which it is often formulated. 


The nine-barbiturate standard mixture used in obtaining the 
liquid chromatogram in Fig. 1 was studied using additional ionic 
strength mobile phase systems under the same conditions reported 
in Table I. Figure 2 is a plot of the adjusted retention time versus 
sodium nitrate molarity. A sharp increase in the adjusted retention 
time is seen at  low ionic strengths. This plot presents the data in a 
continuous manner, thereby allowing prediction of adjusted reten- 
tion times over a range of selected conditions of ionic strength. 


Since the adjusted retention ratio of any pair of barbiturates a t  
any particular ionic strength is a constant, and since a reference 
curve is available, the adjusted retention times of all barbiturates 
may be determined at  a selected ionic strength. The adjusted reten- 
tion ratios may be calculated from the data available in Table I 
(column 2, 3,  or 4). 


Further studies were made of the behavior of the barbiturates in a 
0.01 M citric acid mobile phase on both strong anion- and cation- 
exchange chromatographic columns (Table I :  columns 5 and 6). 
At this pH, it is expected that the predominant barbiturate species 
will be the undissociated acid with some small quantity of anion, 
depending upon the pertinent pKa. No barbiturate-containing cat- 
ion species can form. The retention times listed in Table I for the 
citric acid studies indicate that, as expected, the anion-exchange 
column is more effective in separating the barbiturates. The cation- 
exchange column, on the other hand, does not provide as wide a 
range of retention times, the maximum being 3.86 min. The elution 
order of these systemsdiffers from the results of thestudies made with 
an alkaline mobile phase. In fact, there are three exceptions when 
the anion-exchange resin is used and seven variations with the 
cation-exchange system. In theJatter case the phenomena responsi- 
ble for themigrationsare probably nonelectrostatic anddepend more 
strongly on individual structural features. This would account for 
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Figure 2-Effects of iotric strength of an alkaline mobile phase on 
mobility. Barbiturates and instrumental conditions are the same as 
those in Fig. 1. 
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Figure 3-Liquid chromatogram of 'six barbiturates on a strong anion- 
exchange column (Column I )  using a 0.OI M citric acid mobile phase. 
Instrumental conditions were: inlet pressure and flow rate, 1000 psig. 
and 0.60 ml./min., respectively; UV detector sensitivity, 254 nm., 0.08 
aufs; and column temperature, 25.0 + 0.5". 


the variation from the patterns established for the system whose 
separations appear t o  depend on pH-influenced species distribution. 
A striking result is observed in the very rapid migration of pheno- 
barbital when compared to  the other chromatographic systems. 


Figure 3 shows the liquid chromatography separation of six bar- 
biturates on the strong anion-exchange column using the 0.01 M 
citric acid mobile phase. Allobarbital and vinbarbital, although 
having different retention times in the alkaline mobile phase system, 
could not be quantitatively separated. However, as noted on this 
chromatogram, these two barbiturates are separated and, in addi- 
tion, reversed in elution order. Mephobarbital is shown to be further 
resolved from secobarbital. 


This group of barbiturates was also studied on the partition 
column, a reversed phase liquid chromatography separation with the 
application of an aqueous mobile phase. The separations (Table I: 
column 7) were run at 50" to increase column efficiency and resolu- 
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tion and to prevent overloading. The molar absorptivity of the bar- 
biturates in water is satisfactory for detection purposes. Since the 
basis for these separations is partition, the regularity established in 
the separations involving the anion-exchange-alkaline mobile phase 
is not present. In fact, barbituric acid elutes before the solvent in this 
case. Amobarbital and phenobarbital are quantitatively separable 
on this column. 


Pressure and Flow Rate Variation-A variable that is potentially 
useful is column pressure or mobile phase flow rate. Although the 
mobility data for the barbiturates in an alkaline medium a t  varying 
ionic strength in Table I and Fig. 2 were gathered at  one inlet pres- 
sure (flow rate), it is possible to  predict behavior a t  other predeter- 
mined pressures. When the same mobile phase system has been 
used, it has been observed that the adjusted retention volume (i.e., 
the mobile phase volume required to elute a barbiturate after the 
solvent is eluted) is a constant, independent of the flow rate. Since 
the adjusted retention volume (Vr') equals the adjusted retention 
time ( I ? ' )  multiplied by the flow rate ( F ) ,  Eq. 3 follows: 


Iq'Fl = trt'F2 (Eq. 3) 


where tvn' is the adjusted retention time for compound n, and F, is 
the flow rate set for the study of compound n. Solving for Fg yields 
Eq. 4: 


(Eq. 4) 


Because inlet pressure (Pi) is linearly related to flow rate, substitu- 
tion in terms of pressure results in Eq. 5 :  


(Eq. 5 )  


where Pr, is the pressure (in psig.) used in separating compound n.  
The very simple relationship defined by Eq. 5 allows calculation of 
the inlet pressure necessary to  attain a desired adjusted retention 
time if a known adjusted retention time and pressure are available. 
For example, secobarbital (Table I : column 2)  shows t,' t o  be 39.6 
min. a t  500 psig. If it were desired to bring about more rapid migra- 
tion in that mobile phase system, e.g., 10 min., Eq. 5 predicts that a 
pressure of 1980 psig. should be necessary. Equations 4 and 5 ,  in 
combination with the continuous retention data available in Fig. 2, 
have been found useful in fixing approximate conditions prior t o  
injection. 


The effect of pressure on chromatographic peaks is demonstrated 
in Fig. 4, a presentation of the chromatograms of four barbiturates 
at  two ionic strength levels in an  alkaline medium under the influence 
of a fourfold pressure change. As is noted, the sensitivity in terms 
of peak height varies inversely with pressure and retention time and 
directly with ionic strength. 


0 10 0 10 20 0 10 20 30 40 
RETENTION TIME, rnin. 


500 1000 1500 2000 
PRESSURE, P.S.i. 


Figure 4-Liquid chromatograms of four barbiturates [ ( I )  barbital, 
( 2 )  butabarbirnl, (3 )  pentobarbital, and (4 )  secobarbital] on a strong 
anion-exchange column (Column I )  using an alkaline mobile phase 
at two sodium nitrate levels and at three different pressures. UV de- 
tector sensitivity was 254 nm., 0.32 aufs, and column temperature 
was 25.0 f 0.5 '. 


Figure 9-Effect of pressure on the peak height of' phenobarbital. 
Injection mass was: (a) 0.34, ( b )  0.58, and ( c )  0.82 mcg. Conditions 
were: column, strong anion exchange (column 1); mobile phase, 0.OI 
M sodium borate f 0.05 M sodium nitrate; column temperature, 
25.0 + 0.5"; flow rate, 0.24 ml./niin. at 250 psig. (linearly related to 
pressure); and UV detector sensitivity, 254 nm., 0.08 aufs. 
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Further studies involving pressure changes were carried out. The 
effects of pressure on peak height and peak area are reported in 
Figs. 5 and 6, respectively, using phenobarbital as the test compo- 
nent. As shown, pressure affects peak area dramatically, particu- 
larly at low pressures, whereas the peak height is much less sensitive 
to pressure change. The reason that peak height increases as the inlet 
pressure (or flow rate) decreases is that the column is becoming 
more efficient, as evidenced by a marked increase in theoretical 
plates. Although the peak area is generally taken to be a more 
acceptable means of relating response to quantity (1,2), the measure- 
ment of peak height is more rapid and convenient, especially when 
the peaks are symmetrical. It is good practice, in any case, to choose 
an internal standard relatively close in elution order for quantitation, 
since the pressure does change somewhat along the length of the 
column. 


Response of UV Detector-The detector used in this work is a 
standard UV unit with light a t  254 nm. Like the thermal conductivity 
detector in GC, the UV unit is also a concentration response unit. 
Figure 7 is a plot of area versus retention time (absolute) for three 
different concentrations of phenobarbital. Each straight line is 
described by the following equation: 


A = 1.55 f O.Olmt, (Eq. 6) 


where A is the peak area, m is the total mass (injected) of pheno- 
barbital, and t, is the absolute retention time. Since retention time is 
inversely related to the flow rate, Eq. 6 follows the form of the equa- 
tion presented by McNair and Bonelli (20) to describe the response 
of the thermal conductivity detector. The constant 1.55 relates the 
UV detector response to  the phenobarbital under the experimental 
conditions. 


Equation 6 provides the basis for quantitative analysis of com- 
ponents when the UV detector is used. For example, if two solutions 
are chrornatographed, one containing an unknown quantity of so- 
lute and the second containing a known concentration of the same 
compound in the role of a pure reference standard, then, since each 
analysis may be described by Eq. 6,  it is clear that the unknown con- 
centration or, directly. the mass may be calculated from Eq. 7 (the 
symbols for which are presented following Eq. 8): 


In the situation where an internal standard is used, two solutions 
are analyzed. Each contains the compound undergoing analysis, in 
one case a t  a known and in the other at  an  unknown concentration, 
as well as the internal standard compound. Since each solution com- 


20 


16 


- 12 c 
5 
II: a 


8 


4 


" 
500 1000 1500 2000 


PRESSURE, p.s.i. 


Figure 6-Effect of pressure on the area of plienobarbitnl. All con- 
ditions are the same as in Fig. 5 .  Area was calcirlated as: bh/2. 
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Figure 7-Plot of area versus absolute retention time of pheno- 
barbital. All conditions are the same as in Fig. 5 


ponent response may be described by Eq. 6, keeping in mind that 
the slope differs for each different compound, the four resultant 
equations may be solved for the unknown mass (or concentration 
since the volume injected is known) and result in Eq. 8: 


where A indicates area; tr indicates retention time; M indicates 
mass; and subscripts 1, 2, 3, and 4 correspond to  the unknown, the 
standard, the internal standard in the standard, and the internal 
standard in the unknown, respectively. 


However, careful experimental maintenance of constant pressure 
would make t,, = tr2 and tr, = tr4, thereby simplifying Eq. 8. Equa- 
tion 2 is of the same form as Eq. 8 and provides for the use of peak 
heights, which have been found to  be proportional to the mass of a 
compound injected for analysis. 


Identification and Quantitative Analysis8---The work carried out 
in these laboratories has resulted in the development of both qualita- 
tive and quantitative schemes for barbiturate analysis. For both 
kinds of determinations, the anion-exchange column with an alkaline 
sodium borate and variable sodium nitrate or the citric acid mobile 
phase proved useful. 


The data of Table I suggest a useful identification scheme for 
barbiturates. Since both base and acid forms of the barbiturate 
absorb in the UV region (254 nm.) with different characteristic 
molar absorptivities, the following approach is recommended. 


After a chromatographic study on the anion-exchange column, 
both with the alkaline and the acid mobile phises under defined con- 
ditions, the ratio of the molar absorptivities of the two peaks 
(thought t o  be the same barbiturate) is calculated in terms of peak 
height responses of the same quantity of drug. This ratio should be 
a constant and characteristic for each barbiturate. Thus, the re- 
tention times together with the peak height ratio help to establish 
the identity of the barbiturate under study. 


8The Permaphase-ETH du Pont column was not investigated for 
quantitative analysis. 
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Table II-Analysis of Commercial Samples” 


Sample 


~ ~~ 


Percent of Declared 
-High Speed Liquid Chromatography- Independent 


Declared Baseb Acidc Method 


Phenobarbital elixir 
Aprobarbital elixir 
Sodium butabarbital elixir 
Phenobarbital tablets 
Aprobarbital elixir 
Amobarbital capsules 
Sodium amobarbital 
Sodium secobarbital ( 
Sodium phenobarbital elixir 
Sodium butabarbital 


Sodium pentobarbital 
Sodium secobarbital i 


16.2 mg./5 ml. 93.3 
40 mg./5 ml. 102 
32.4 mg./5 ml. 96.9 
16.2 mg./tablet 96.3 
40 mg./5 ml. 99.3 
50 mg./capsule 105 
25 mg./capsule 109 
25 mg./capsule 97.6 
15 mg./5 ml. 103 
15 mg./5 ml. 94.7 
15 mg./5 mi. 100 
15 mg./5 ml. 107 


92. 2d 


95.11 
96.3J 


103e 


100” 
1031 
11W 
1000 
- 
- 
- 
- 


a Column was strong :nion exchange (Column 1); mobile phases were basic (0.01 M borax + 0.03 M NaN03) and acid (0.01 M citric acid). Tern- 


b Internal 
perature was 25.0 i 0.5 . 


Standards Samples 
Butabarbital 1, 4, 6, 7 
Hexobarbital 2, 5 
Phenobarbital 3 
Heptabarbital 8 


Phenobarbital 2 
GLC. e NF XI11 (p. 63). J UV. 0 NF XI11 (p. 659). 


Aprobarbital 1.3 


In anticipation of some potential interferences, some of the anal- 
gesics formulated with the barbiturates have been studied and they 
do not interfere with the separation when the alkaline mobile 
phase system is utilized. Other compounds should be screened if 
they are to be expected in multidrug dosage forms. 


A point of interest t o  both qualitative and quantitative analyses is 
that of detection limits or sensitivity. When using the strong anion- 
exchange column with a 0.01 M sodium borate and 0.2 M sodium 
nitrate mobile phase at  a pressure of 250 psig., results indicate that 
barbiturate levels between 0.5 and 1.5 ng. are detectable, depending 
on elution order. In contrast, the limit for detection by G C  using 
flame ionization was reported for several barbiturates as 2-10 ng. 
(21). Since larger sample volumes, e.g., 50 PI., may be injected into 
the instrument, lower practical detection limits (based on concen- 
tration) are possible. Phenobarbital was detected at  the concentra- 
tion level of 0.1 ng./pl. of solution in our work. 


Either peak height or area can be used for quantitative analysis. 
Both measurements were found to  be linear with sample size. At 250 
psig., the peak heights uersus sample size exhibits a slope of 17.60 
cm./mcg., whereas a similar plot of area has a slope of 24.40 cm.Z/ 
mcg. Thus, area is somewhat more sensitive. Since peak height is 
easier to measure and is less sensitive to  pressure changes (while 
still changing linearly with sample size), it is used in the reported 
quantitative analyses. 


The quantitative analyses of eight different dosage forms con- 
taining barbiturates are reported in Table 11. The various internal 
standards used are indicated. In addition to single-component sam- 
ples, two multicomponent samples are included. In general, the re- 
sults are in good agreement with those by independent methods of 
analysis. 
In summary, the high speed liquid chromatography technique 


seems particularly suitable for the rapid separation, identification, 
and analysis of barbiturates in pharmaceuticals and permits the 
rapid detection of these compounds a t  the submicrogram level. 
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Protein-Alkaloid Relationship in 
Datura stramonium var. tatula 


MAHABIR P. GUPTA and MELVIN R. GIBSON' 


Abstract 0 The objective of this research was to find a relationship 
between protein synthesis and alkaloid synthesis in Dururu strumo- 
nium L. var. rutulu Torrey, if one existed. Sterile root cultures were 
grown for 2 weeks in a nutrient solution containing chloramphen- 
icol, cycloheximide, and puromycin. The alkaloids hyoscyamine 
and scopolamine were separated by TLC and assayed spectrophoto- 
metrically. The total nitrogen content was determined by the micro- 
Kjeldahl method. In the tracer work, the sterile root cultures were 
grown in the nutrient solution containing ~-proline-U-l~C and 
puromycin. The soluble protein content of the radioactive roots 
was determined by the Lowry method. The incorporation of L- 
p~ol ine-U-~~C into alkaloids and trichloroacetic acid-precipitable 
proteins was determined by the liquid scintillation technique. The 
growth habits were changed and the weights of the root cultures 
reduced. Of the three inhibitors tested, only puromycin caused an 
increase in the hyoscyamine production and in the uptake of pro- 
line into it. This is the first relationship demonstrated between pro- 
tein synthesis and alkaloid synthesis. 


Keyphrases 0 Duturu stramonium L. var. raruk-protein synthesis- 
alkaloid synthesis relationship 0 Protein-alkaloid syntheses re- 
lationship-Daruru srrumoniiim L. var. tairrlu 0 Alkaloid-protein 
syntheses relationship-Duturu strarnonium L. var. rutulu L- 
Pr~line-U-~~C-incorporation into alkaloids and trichloroacetic 
acid-precipitable proteins, Datura srrumonium L. var. ratula 0 
Puromycin inhibition of protein synthesis-Dnttrra strun~oi~irrm L. 
var. tatulu 


Many years of research have been spent in this lab- 
oratory and elsewhere to elucidate the biosynthetic 
pathway or pathways to alkaloid production in the 
genus Datura. The phytophysiological significance of 
alkaloids in various plants has only been partly known. 
There have been conflicting reports in the literature 
about the origin of alkaloids in plants. 


It has long been suggested that there is a relationship 
between protein and alkaloid biosynthetic mechanisms 
because of the proved amino acid involvement in 
both processes (1-4). Schmid and Serrano (5) reported 
an interesting parallelism between the protein produc- 
tion by the tobacco root and the nicotine content of 
the whole plant. Using the same plant, Mothes and 
Englebrecht (6) showed that the low alkaloidal roots 
were high in protein content. 


However, no concrete evidence of a relationship be- 
tween protein synthesis and alkaloid synthesis has been 
forthcoming. It has been suggested that alkaloids are 
the result of protein breakdown, yet their synthesis 
patterns seem to indicate a correlative relationship. 
The objective of this research was to find a relationship 
between alkaloid synthesis and protein synthesis, if 
one existed. 


The plant chosen for this study was Datura stra- 
monium var. tatula, family Solanaceae, because of earl- 
ier research done on the genus Datura during the past 
several years (7-1 1). D. stramonium var. tatula produces 
hyoscyamine and scopolamine as its principal alkaloids, 


the amount of hyoscyamine being much greater than 
scopolamine. 


Various amino acids have been used to gain clearer 
and more precise information concerning the produc- 
tion of alkaloids. Glutamic acid, ornithine, proline, and 
phenylalanine have all been successfully incorporated 
into hyoscyamine (8, 12-14). Work in this laboratory 
(11) showed that both growth and alkaloid content 
were affected by proline in D. stramonium var. tatula. 
Later work in this laboratory (8) showed that L-proline- 
U-14C (U indicates uniformly labeled) was readily 
incorporated into hyoscyamine and scopolamine of 
both D. stramonium var. tatula and D. innoxia roots. 
This work suggested that proline is an important com- 
pound utilized by these plants in the biosynthesis of 
alkaloids. Proline also has been found to stimulate 
formation of hyoscyamine in Atropa belladonna roots 
(15). In the same plant, Schermeister et al. (16) found 
that proline was present in large amounts and accumu- 
lated in roots when the alkaloid concentration declined. 
These workers also found that neither arginine nor 
ornithine was present in detectable quantities and con- 
cluded that proline was a more direct precursor of 
tropane alkaloids. Liebisch and Schiitte (17) showed that 
proline-5- I4C seems to be stereospecifically incorporated 
into alkaloids of D. metel. It is thus clearly seen that 
proline plays a dynamic role in the biosynthesis of 
tropane alkaloids. 


L-Proline-U- 14C has been incorporated into proteins 
of various plants, animals, and bacteria. Steward and 
Pollard (18) found that proline can be directly utilized 
in protein synthesis. When L-proline-U- 14C was sup- 
plied to growing cultures, almost all of the radioactivity 
was found in the proline and hydroxyproline residues 
of the tissue protein, very little 14C being lost as  
carbon dioxide. Miller and Kempner (19) found that 
L-proline-U- 14C was incorporated into protein by 
Candida utilis. The ready incorporation of carbon from 
proline into carrot explants was shown by Pollard and 
Steward (20), who demonstrated that radioactive carbon 
supplied as proline can be detected in the protein 15 
min. after its addition to external solution. 


Thus, proline can enter into both proteins and alka- 
loids. The question arises whether the incorporation 
of ~-prol ine-U- '~C into the principal alkaloids of D. 
stramonium var. tatula will increase if the protein syn- 
thesis in the root cultures is inhibited by the inhibitors 
of protein synthesis. If the incorporation of radioac- 
tivity into the alkaloids increases after inhibition of 
protein synthesis, a correlative relationship possibly 
can be inferred. 


The inhibitors chosen for this study were chloram- 
phenicol, cycloheximide, and puromycin. These in- 
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hibitors were chosen because of their different modes 
of action in inhibiting the protein synthesis (21). 


Chloramphenicol binds specifically to 50s subunits. 
It inhibits functional attachment of the aminoacyl end 
of AA-tRNA to the 50s subunits, thus inhibiting trans- 
peptidation, but may also have a direct inhibitory 
eftect on the peptidyltransferase. 


Cycloheximide inhibits chain initiation as well as 
chain elongation by interaction with 605, but not 50S, 
ribosomal subunits. It also interferes with chain elon- 
gation by inhibiting entry of peptidyl tRNA from A to  
P sites through interference with release of deacylated 
tRNA from the donor site. 


Puromycin, through its resemblance to the aminoacyl- 
adenylyl end of AA-tRNA, inhibits protein synthesis 
by competing with AA-tRNA for this site on 50s sub- 
units of ribosomes. In place of AA-tRNA, it accepts 
nascent peptides, causing premature release of incom- 
plete polypeptide chains. As a result of these actions, 
puromycin causes the breakdown of polysomes. 


EXPERIMENTAL 


Growth and Processing of Root Cultures-The methods and pro- 
cedures followed in this portion of the investigation were developed 
and utilized by French and Gibson (7). The seeds of D. sframo- 
nium var. tatula were obtained from plants grown in the Washington 
State University pharmacy greenhouse. The sterilization of seeds 
and the propagation of the 14-day-old root cultures, unless other- 
wise specified, followed the general procedures outlined by Sullivan 
and Gibson (8). 


The basic nutrient solution used for all root cultures (control and 
experimental) was developed by White (22). The nonradioactive 
experimental root cultures were grown in three variations which 
were White's nutrient solution containing: (a) 0.8 mcg. of cyclo- 
heximidel/SO ml., ( b )  32.35 mcg. of chloramphenico12/50 ml., and 
(c)  1.0 mg. of puromycin dihydrochloride3/50 ml. These concentra- 
tions were chosen after carrying out a series of experiments with 
different concentrations of these inhibitors. In these concentrations, 
approximately 50% reduction in the dry weights of the experimental 
roots was observed as compared to the control roots. The inhibitors 
were weighed on glassine paper and placed in the sterile transfer 
chamber. UV lights were turned on for 15 min. The inhibitors were 
then transferred quantitatively to the volumetric flasks and the solu- 
tions were made to volume with sterilized, distilled, demineralized 
water. One hundred microliters of these solutions containing the 
appropriate amounts of inhibitors was added aseptically to the 
flasks containing 50 ml. of sterilized nutrient solution for the ex- 
perimental root cultures. The control roots were cultured in 50 
ml. of White's nutrient solution. 


The control radioactive root cultures were grown in 50 ml. of 
nutrient solution containing 0.123 pc. of ~ -p ro l ine -U- '~C~ .  The ex- 
perimental root cultures were grown in the nutrient solution con- 
taining 0.123 pc. of ~-proline-U-1~C for 2 weeks and 1.0 mg. of 
puromycin dihydrochloride for 1 and 2 weeks. 


Extraction and Separation of Alkaloids-The procedures used for 
the extraction of alkaloids from the dried root cultures and for the 
separation of alkaloids were developed by French and Gibson (7) 
and Sullivan and Gibson (8), respectively. For preliminary work 
with the nonradioactive roots, these roots were combined in groups 
of two to three, weighing about 25 mg.; for the extraction of al- 
kaloids from the radioactive roots, each root was extracted sep- 
arately. The alkaloid extract was collected in a 10-ml. beaker instead 
of planchet as described by Sullivan and Gibson (8). 


The separation of alkaloids was accomplished by two-dimensional 


1 The gift of cvcloheximide from The Uuiohn Co.. I<alamazoo. Mich.. .. 
is gratefdly acknowledged. 


2The gift of chloramphenicol from Parke Davis & Co., Detroit. 
Mich.. is gratefully acknowledged. 


3 Nutritional Biochemicals Corp., Cleveland, Ohio. 
4 New England Nuclear, Boston, Mass. 


TLC on silica gel Gs.  The first and second developing phases utilized 
were, respectively, 10:90 and 15 :85 of diethylamine-chloroform. 
The total alkaloid extract was subjected to six 200-pl. extractions 
of chloroform instead of five. The hyoscyamine and scopolamine 
spots were removed from the chromatograms according to the 
method of Rowland and Gibson (10). Hyoscyamine and scopol- 
amine from the silica gel were extracted separately with anhydrous 
methanole (A.R., spectrophotometric grade) according to the 
procedures employed by these workers. Fifteen milliliters of an- 
hydrous methanol was used for extraction instead of 10 ml. as 
used by these workers. 


Assay of Alkaloids-The alkaloids hyoscyamine and scopolamine 
were assayed quantitatively using the Vitali-Morin reaction by a 
spectrophotometric technique developed by French (23) and Row- 
land and Gibson (lo)'. 


Determination of Radioactivity in Alkaloids-The method used 
for the determination of radioactivity ("C) in the alkaloids was 
suggested by the instrument's manufacturers. Hyoscyamine and 
scopolamine were separated by the TLC method mentioned under 
E.rtractiorz uric/ Separutiorz of Alkaloids. The hyoscyamine and 
scopolamine spots separated were scraped separately with a razor 
blade and a camel's hair brush into low potassium glass screw-cap 
scintillation vialss. Two milliliters of 1.4-dioxane6 (A.R., liquid 
scintillation grade) was added to each vial and the contents were 
shaken vigorously. The vials were then allowed to stand for 15 min. 
To each of these vials, 15 ml. of the scintillation solvent, consisting 
of 0.5 (w/v) 2,5-diphenyloxazole and 0.03 % (w/v) p-bis-2-(5- 
pheny1oxazolyl)benzene in toluene, was added and the contents 
were shaken well. The vials were then allowed to  stand overnight in 
a scintillation spectrometer9 a t  4". During this time all the silica gel 
settled to the bottom of the vials. All samples were counted using 
this counter. The average of two determinations was reported for 
each sample activity. Hyoscyamine samples were counted to a 20 
statistical counting error of less than 2=2:<. Scopolamine samples 
were counted to a 2a statistical counting error of less than +5%. 
The counter efficiency was determined for each sample by the in- 
ternal standardization method using toluene-14C8. The counter 
efficiency was found to be greater than 87 %. 


Determination of Total Nitrogen-The total nitrogen content of 
the dried nonradioactive roots was determined by direct Nessleriza- 
tion of Kjeldahl's digests (24)'O. 


Determination of Protein-The fresh control and experimental 
roots grown in L-proline-U-lT were individually chopped into 
small segments with a razor blade and homogenized in 0.05 M 
phosphate buffer (pH 7.2) for 4 min. a t  full speed in an Omni- 
mixer'' with a microattachment. The homogenates were then 
frozen. For protein determination, the homogenates were allowed 
to thaw at room temperature and then filtered under vacuum 
through Whatman filter paper. The filtrate was spun in a NO. 40 
rotor at  40,000 r.p.m. in an ultracentrifuge1* at 1-2" for 1 hr. The 
clear supernate was transferred quantitatively to a volumetric 
flask and made to volume. The protein content of the homogenates 
was determined by a slight modification of the method of Lowry 
et al. (25) using soybean trypsin inhibitor13 as the standard protein. 
The absorbance was read with a 1-cm. light path in a spectropho- 
tometer14. The concentration of protein in micrograms was com- 
puted from the standard, straight-line curves prepared using soy- 
bean trypsin inhibitor. The average of two determinations was re- 
ported. 


Determination of Radioactivity in Protein-The radioactivity 
(1°C) in trichloroacetic acid-precipitable protein was determined by 
a slight modification of the method of Abell et al. (26). The root 
homogenates from the radioactive control and experimental roots 


6 E. Merck A.G., Darmstadt, Germany (obtained from Brinkmann 
Instruments, Inc., Great Neck, Long Island, N.  Y.). 


6 J.  T. Baker Chemical Co., Phillipsburg, N. J .  
7 The only difference was that the absorbance was measured at, 560 


nm. with a 1-cm. light path in a Beckman D U  spectrophotorneter wlth a 
Gilford 2000 attachment instead of the percent transmittance being 
measured in a Beckman DU spectrophotometer. 


8 Packard Instrument Co., Inc., Downers Grove, Ill. 
9 Packard Tri-Carb, model 3320. 


IOThis work was done by Mr. S. R. V. Raghavan, Department of 
Biology, Lava1 University, Quebec 10e. Quebec, Canada. 


11 Ivan Sorvall Inc.. Norwalk. CT 06856 
12 Beckman model L3-40. 
1 3  Worthington Biochemical Corp., Freehold, N. J. 
14  Beckman DU with a Gilford 2000 attachment. 
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Table I-Summary of Root Growth of Di sframonium var. tatula 
under Control and Treated Conditions 


Number Mean 95 % 
of Weight, Confidence 


Nutrient Solution Roots mg. Interval, mg. 


Control 
Chloramphenicol : 


6.47 mcg./50 ml. 
12.94 mcg./50 ml. 
32.35 mcg./50 ml. 
64.7 mcg./50 ml. 


0 . 8  mcg./5O ml. 
1 .6  mcg./50 ml. 


0 .72  mcg./50 ml. 
1 .44 mcg./50 ml. 
20 mcg./50 ml. 
40 mcg./50 ml. 
200 mcg./50 ml. 
1 . O  mg./50 ml. 


Cycloheximide: 


Puromycin dihydrochloride: 


Total number of roots 


99 


49 
56 
46 
63 


46 
51 


46 .. 


39 
28 
38 
27 
45 


633 


28.4 


32.1 
25.8 
16.0 
9 . 7  


13.9 
11.7 


28.0 
28.7 
18.0 
19.9 
16.7 
1 0 . 3  


26.4-30.4 


29.7-34.5 
23.8-27.8 
14.4-1 7 . 4  
8.6-10.8 


12.1-15.7 
10.2-1 3 . 2  


25.6-30.4 
26.0-31.4 
15.6-20.4 
18.3-21.5 
14.7-18.7 
9.3-11.3 


were treated in the manner described under Determination of Pro- 
tein. To the clear supernate, 1.0 mg. of soybean trypsin inhibitor 
in aqueous solution was added as a carrier protein. Then an equal 
volume of 10% (w/v) solution of trichloroacetic acid was added. 
After 4 hr. at 4", the precipitated protein was removed by centrif- 
ugation at 19,000 r.p.m. in a centrifuge16 at 2-4". The trichloro- 
acetic acid-precipitated protein was washed twice with cold 10% 
(w/v) trichloroacetic acid and twice with 95 % ethanol saturated 
with sodium acetate. The washed precipitated material was taken 
up in 4 ml. of 0.5 M potassium hydroxide in a 15-ml. graduated 
centrifuge tube. The tube was then placed in a constant-tempera- 
ture water bath at 55" to solubilize the protein. After cooling, the 
volume was made up to 4 ml. with 0.5 M potassium hydroxide. 
One milliliter of this solution was pipeted into a glass, screw-cap 
scintillation vial containing 10 ml. of Aquasollo. The contents of 
the vial were then shaken vigorously and counted to a 20 statistical 
counting error of less than -I1 % in the scintillation spectrometer. 
The average of two determinations was reported for each sample 
activity measurement. The counter efficiency was determined for 
each sample by the internal standardization method using tol- 
uene- l 'C. 


RESULTS 


A total of 931 roots were grown in this investigation. Thegrowth 
results of the preliminary study of dry weights of both control and 
the three inhibitors are shown in Table I. 


To show growth results under the experimental conditions of 
puromycin dihydrochloride treatment in the presence of L-proline- 
U-I4C, a large number of roots were grown. Sixty-eight control 
roots grown in a nutrient solution containing 0.123 pc. of L-proline- 
U-14C for 2 weeks had a mean fresh weight of 226.8 mg. (205.7- 
247.9 mg., 95% confidence interval), and 38 of these roots had 
mean dry weights of 23.4 mg. (20.9-25.9 mg., 95% confidence in- 
terval). Sixty-six roots which had been grown for a 2-week period in 
the nutrient solution containing the 0.123 pc. of ~-proline-U-l~C 
and 1 mg. of puromycin dihydrochloride for 1 week had a mean 
fresh weight of 161.8 mg. (149.0-174.6 mg., 9 5 z  confidence in- 
terval), and 40 of these roots had a mean dry weight of 15.5 mg. 
(14.0-17.0 mg., 95% confidence interval). Fifty-six roots which had 
been grown for a 2-week period in the nutrient solution containing 
the 0.123 pc. of ~-proline-U-l~C and 1 mg. of puromycin dihydro- 
chloride for 2 weeks had a mean fresh weight of 136.7 mg. (123.1- 
150.3 mg., 95% confidence interval), and 30 of these roots had a 
mean dry weight of 12.3 mg. (10.7-13.9 mg., 95% confidence in- 
t erval) . 


18 Servall. 
18 New England Nuclear, Boston, Mass. 


Figure 1-D. stramonium uar. tatula root culture grown in control 
nutrient solution. 


The control roots grown in both nonradioactive and radioactive 
nutrient solution showed a strong primary root with abundant 
secondary root systems, whereas the puromycin-treated root cul- 
tures (Figs. l and 2) showed a limited secondary root system. The 
secondary roots were much thinner as compared to the control 
roots. Chloramphenicol-treated and cycloheximide-treated root 
cultures showed a similar trend in growth inhibition; the degree of 
inhibition, however, was much less as compared to the puromycin- 
treated roots. 


Table I and the results already described in this section indicate 
that chloramphenicol a t  a concentration of 32.35 rncg./ml. of the 
nutrient solution, cycloheximide at a concentration of 0.8 mcg./50 
ml. of the nutrient solution, and puromycin at a concentration of 
1.0 mg./50 ml. of the nutrient solution produced a statistically 
significant decrease in growth at the 5 %  level. The experimental 
radioactive roots grown in the presence of puromycin also showed a 
statistically significant decrease in growth with puromycin as 


Figure 2-D. stramonium uar. tatula root culture grown in nutrient 
solution containing 1.0 mg. of puromycin diliydrochloride. 
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Table 11-Alkaloid ContentQ of D. stramonium var. tatula Control and Treated Roots Grown in Nonradioactive Nutrient Solution 


Sample -- Control ___ -. 4hloramphenicol Treated- 4ycloheximide Treated- -- Puromycin Treated? 
Number Hyoscyamine Scopolamine Hyoscyamine Scopolamine Hyoscyamine Scopolamine Hyoscyamine Scopolamine 


- I  . -  ..., . , _I.> I". - 
- _  .- 56.7 12.2 64.4 9.8 


I.- .., ." 16.1 46.6 3.4 62.7 2.2 
-"._ 25.4 49.9 12.1 27.8 10.6 59.5 5.8 


5 46.5 2.1 55.4 8.8 53 3 1 1  1 51.8 21.7 
. .- 49.8 18.6 


-. .- 7.9 55.9 13.9 
_ . -  50.3 9.1 66.6 19.4 


. I.- 12.1 56.7 14.5 99.4 21.3 
45.0 9.0 57.4 13.1 49.0 13.7 42.0 7.5 


64.4 6.9 
45.2 6.4 


- - - - - - 1 0  


!Z 
11 


- - - - - - 
1 


1 48.6 21 .o 49.6 17.3 50.1 17.5 63.7 5 . 5  


3 38.5 8.0 48.0 16.1 46.6 3.4 62.7 2.2 
2 46.4 1.3 51.2 11.5 56.7 12.2 64.4 9.8 
4 30.9 25.4 49.9 12.1 27.8 10.6 59.5 5.8 
5 46.5 2.1 55.4 8.8 53.3 11.1 51.8 21.7 
6 68.6 10.0 46.8 10.3 45.9 4.5 49.8 18.6 
7 51.1 11.6 42.5 5.8 37.2 7.9 55.9 13.9 
8 46.1 3.8 53.7 9.6 50.3 9.1 66.6 19.4 


64.4 6.9 11 - 
45.2 6.4 12 
80.6 9.1 13 - 


- 74.7 12.0 14 
Mean 46.6 10.1 50.9 11.7 47.4 10.5 62.9 11.4 
95.Z Confidence 39.7-53.5 4.6-15.6 47.7-54.1 9.3-14.1 41 .O-53.8 7.4-13.6 54.3-71.6 4.4-18.4 


9 44.3 8.8 55.1 12.1 56.7 14.5 99.4 21.3 
10 45.0 9.0 57.4 13.1 49.0 13.7 42.0 7.5 


- - - - - 
- - - - - - 
- - - - - 


- - - - - 


interval 


a Micrograms per 25 mg. root powder. 


compared to the control roots. This decrease is evidenced by non- 
overlapping 95 % confidence intervals on the average fresh and dry 
weights of the control and treated roots. 


The results of the alkaloidal assays of the control and treated 
roots are reported in Tables I1 and 111. From Table 11, it can be 
seen that there is no statistically significant difference at the 5 %  
level in alkaloid content (for both hyoscyamine and scopolamine) 
among the control roots, the chloramphenicol-treated roots, and 
the cycloheximide-treated roots. However, there is a statistically 
significant increase at the 5% level in the hyoscyamine content be- 
tween the control and the puromycin-treated roots as evidenced by 
the nonoverlapping 95 % confidence intervals. A similar trend is 
seen in alkaloid content (for both hyoscyamine and scopolamine) 
based upon the 25 mg. root powder from the radioactive roots 
grown in the presence of puromycin for 1 and 2 weeks (Table 111). 
However, on a single root basis, there is a statistically significant 
decrease at the 5 level in both hyoscyamine and scopolamine con- 
tent between the control radioactive roots and the 2-week, puro- 
mycin-treated radioactive roots. The radioactive roots grown in 
the presence of puromycin for the 1st week only show no significant 
difference at the 5 %  level in alkaloid content (for both hyoscy- 
amine and scopolamine) on the single root basis. 


The results of radioactivity determinations of hyoscyamine and 
scopolamine are summarized in Table IV. When these results are 
expressed on a common base of radioactivity as disintegrations per 
minute per 25 mg. of the dried root powder for comparison, it is 
seen that puromycin treatment for 1 and 2 weeks causes a statis- 
tically significant increase at the 5 %  level in the uptake of L-pro- 
lineU-I4C as compared to the control. However, on a single root 
basis, only 1-week treatment with purornycin shows a statistically 
significant increase at the 5 %  level in the uptake of L-proline-U-14C 
in both hyoscyamine and scopolamine content as compared to the 
control. 


Table V summarizes the 95% confidence interval data for the 
total nitrogen content of D. stramonium var. rarula control and 
treated roots grown in nonradioactive nutrient solution. The re- 
sults, on a single root basis, show that there is a statistically sig- 
nificant difference at the 5 % level in the total nitrogen content among 


the control, the chloramphenicol-treated, the cycloheximide-treated, 
and the puromycin-treated roots. However, when these results are 
converted to a common base of total nitrogen content per 25 mg. 
of dried root powder, there is no statistically significant difference 
at the 5 %  level in the total nitrogen content of the control and the 
treated roots. 


Table V1 summarizes the protein content of the control and ex- 
perimental roots grown in ~-proline-U-'~C. The results show that 
there is a statistically significant decrease at the 5 %  level in the 
protein content on the single root basis between the control and the 
1- and 2- week puromycin-treated roots. When these results are ex- 
pressed on a common base of protein content per 250 mg. fresh 
weight, there is no statistically significant difference at the 5 % 
level between the control and the puromycin-treated roots. 


The results of radioactivity determinations of trichloroacetic 
acid-precipitable protein from the control and the puromycin- 
treated roots are summarized in Table VI. These results show that 
there is no statistically significant difference at the 57,; level in the 
incorporation of radioactivity into trichloroacetic acid-precipitable 
protein on the single root basis between the control and the 1- and 
2-week, puromycin-treated roots. When these results are expressed 
on a common base of radioactivity per 250 mg. fresh weight, only 
I-week, puromycin-treated roots show a statistically significant 
increaseat the 5 %  level. 


DISCUSSION 


This investigation was undertaken to find the relationship, if any, 
between alkaloid synthesis and protein synthesis in D. stramouiunz 
var. ratula. The procedure involved the process of isolated tissue 
culture in which the excised roots of this plant were fed three 
classical inhibitors of protein synthesis in different concentrations in 
White's nutrient solution. A series of preliminary experiments with 
these inhibitors was conducted to find suitable concentrations 
which would inhibit the growth of the root cultures by approxi- 
mately 50% as evidenced by the reduction in the dry weight. Puro- 
mycin at a concentration of 1.0 mg./50 ml. of the nutrient solution, 


Table In-Alkaloid Content of D. stramonium var. /arula Roots, Control and Puromycin Treated (Mean Values) 
~ ~~ 


Dry Micrograms per 25 mg. 
Weight, -Micrograms per Root--. ---Root Powder- 


Root Groups mg. Hyoscyamine Scopolamine Hyoscyamine Scopolamine 


Ten control roots grown in nutrient solution containing 0.123 pc. 22.1 31.6 7.1 35.9 8.2 


Ten roots grown in nutrient solution containing 0.123 pc. of L-pro- 14.7 30.5 6.2 53.7 10.8 


Ten roots grown in nutrient solution containing 0.123 pc. of L- 8.2 16.4 3.8 49.7 11.7 


of L-proline-U- W (23.3-39.9)a (5 .O-9.2) (31 .'J-40.1) (5.9-10.5) 


line-U-14C and puromycin dihydrochloride for 1 week (27.3-33.7) (5.7-6.7) (42.3-63.1) (9.2-12.4) 


proline-U-14C and puromycin dihydrochloride for 2 weeks (13.6-19.2) (3.1-4.5) (44.5-54.9) (9.7-13.8) 
~ 


0 95 % confidence interval. 
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Table IV-Radioactivity of D. stramonium var. tatula Roots, Control and Puromycin Treated (Mean Values) 


Root Groups 


Disintegrations per Minute Disintegrations per Minute per 
Dry weight, --per Root-- -25 mg. Dried Root Powder- 


mg. Hyoscyamine Scopolamine Hyoscyamine Scopolamine 
~ ~~~~~ 


Ten control roots grown in nutrient solution containing 0.123 18.8 100 24 134 34 
pc. of ~-prol ine-U-~~C (73-127)a (20-30) (105-163) (27-41) 


proline-U-14C and puromycin dihydrochloride for 1 week (330-446) (43-91) (541-731) (71-137) 


proline-U-14C and puromycin dihydrochloride for 2 weeks (83-149) (7-17) (245-335) (16-52) 


Ten roots grown in nutrient solution containing 0.123 pc. of L- 15.9 388 67 636 104 


Ten roots grown in nutrient solution containing 0.123 pc. of L- 10 .2  116 12 290 34 


a 95 Z confidence interval. 


Table V-Confidence Interval Data for Total Nitrogen Content of D. stramotiium var. tulula Control and Treated Roots Grown in 
Nonradioactive Nutrient Solution 


Total Nitrogen Content per Root, Total Nitrogen Content per 25 mg. 
Mean Dry mcg. - ----Root Powder--- 


Nutrient Solution Weight, mg. Mean 95% CI Mean 95% CI 


Control 
Chloramphenicol treated 
Cycloheximide treated 


29.0  
18.1 
15.1 


1228. O0 1125.9-1330.0 1060.4 1015.8-1105.5 
720. 9b 575.9-865.9 988.8 931.8-1045.8 
581.Zb 450.9-711.5 956.1 890.6-1021.6 


Puromycin treated 9 . 8  397.4" 320.2-474.6 1011.3 978.0-1044.6 


Mean of nine determinations. b Mean of 10 determinations. c Mean of 14 determinations. 


chloramphenicol at a concentration of 32.35 mcg./50 ml., and 
cycloheximide at a concentration of 0.8 mcg./50 ml. of the nutrient 
solution showed a statistically significant reduction at the 5 % level 
in growth as compared to the control. These protein inhibitors, in 
higher concentrations, showed a much greater inhibition of growth 
as evidenced by significant reduction in the dry weights; however, 
these concentrations were not used in this study because the greatly 
reduced metabolism possibly could have distorted the results. 
By maintaining the metabolism reasonably near normal, yet pro- 
ducing analytically determinable changes, it was believed that a 
more accurate picture of metabolic changes could be obtained. 
Therefore, the inhibitors were used in the concentrations that 
showed approximately a 50z reduction in root growth. Puromycin 
at the concentration used in this investigation showed a much 
greater inhibition of growth as compared to chloramphenicol and 
cycloheximide. All of these protein inhibitors had a pronounced 
effect on protein synthesis as evidenced by the decrease in growth. 


Chloramphenicol and cycloheximide at the concentrations used 
showed no statistically significant difference in either hyoscyamine 
or scopolamine content as compared to the control. 


Puromycin at a concentration of 1.0 mg./50 ml., however, did 
produce a statistically significant increase in the hyoscyamine 
content of the treated roots as compared to the control roots; the 
scopolamine content remained unaffected. 


No definite conclusions can be derived about the scopolamine 
content from this investigation. Because of the lower content of this 
alkaloid, there was greater variability in the analyses. Therefore, 
the subsequent discussion will concentrate on hyoscyamine only. 


On a single root basis, these inhibitors did show a statistically 
significant decrease at the 5 %  level in the total nitrogen content 
(as determined by the micro-Kjeldahl method) of the experimental 
roots as compared to the control roots. These results are indicative 
of the fact that these inhibitors did impair the protein biosynthesis 
machinery of the roots. When these results are converted to a 
common base of total nitrogen per 25 mg. root powder, there is no 
significant difference between the control and experimental roots. 


From Table 11, it is seen clearly that only puromycin shows a 
significant difference in the hyoscyamine content as compared to 
the control. Therefore, it was thought advisable to concentrate 
future work with the radioactive proline only in the presence of 
puromycin to achieve the objectives of this research, i.e., to de- 
termine protein-alkaloid relationships. 


Two sets of experiments were performed with puromycin and 
~-proline-U-'4C. In the first experiment the root cultures were 
exposed to puromycin for the 1st week; in the second the root cul- 
tures were exposed for 2 weeks. ~-Proline-U-1~C was supplied for 
both weeks in these experiments. The results of the alkaloidal assays 
showed that there was a significant decrease in both the hyoscy- 
amine and scopolamine content in the case of 2-week, puromycin- 
treated roots when the results were expressed on the per root basis. 
This may be explained by the fact that the overall metabolism in the 
roots was slowed down as evidenced by the reduction in the dry and 
fresh weights. However, when these results are converted to a com- 
mon base of alkaloid content per 25 mg. dried root powder, both 1- 
and 2-week treatment with puromycin showed an increase in the 
hyoscyamine content. A similar increase in the ~-proline-U-"C 


Table VI-Protein Content and Radioactivity of Protein of D. stramoriium var. tutula Roots, Control and 
Puromycin Treated (Mean Values) 


Disintegrations per Minute in Trichloro- 
Fresh -- Protein Content, mcg.- Fresh -acetic Acid-Precipitable Protein- 


Weight, Per 250 mg. Fresh Weight, Per 250 mg. Fresh 
Root Groups mg. Per Root Weight, mg. mg. Per Root Weight 


Ten control roots grown in nutrient 219.1 1136.9 1335.2 237.5 14,670 16,222 


Ten roots grown in nutrient solution 154.9 814.4 1341.9 131.6 13,189 26,377 


solution containing 0.123 pc. of L- (954.1-1319.7)' (1222.1-1448.3) (1 2,025-17,315) (12,972-19,472) 
proline-U- 14C 


U-"C and puromycin dihydro- 
chloride for 1 week 


U-"C and puromycin dihydro- 
chloride for 2 weeks 


0 95 Z confidence interval. 


containing 0.123 pc. of L-proline- (643.9-984.9) (1229.2-1454.6) (1 1 ,247-1 5 , 1 3 1 )  (22,384-30,370) 


Ten roots grown in nutrient solution 141 . 2  655.5 1162.4 143.8 10,794 19,486 
containing 0.123 pc. of L-proline- (527.5-783.7) (1067.8-1257.0) (8,602-1 2,986) (14,50&24,472) 
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Table VII-Incorporation of ~-Proline-UJ~C into Hyoscyamine 
of D. stramonium var. tatula Roots Grown under Control and 
Treated Conditions 


the first direct relationship demonstrated between protein synthesis 
and alkaloid production. 


Disintegration per Millimole 
-----of Hyoscyamine- 


Per 25.0 mg. 
Particulars Per Root Root Powder 


Control 1.076 X lo6 1.080 X lo6 
One week, puromycin treated 3.403 x lo6 3.427 x 106 
Two weeks, puromycin treated I .  689 x 1 0 6  1.645 x lo6 


incorporation into hyoscyamine was also seen in these roots. Table 
VII shows this increase more clearly when the data are expressed as 
disintegrations per minute per millimole of hyoscyamine. Thus, 
it can be seen that puromycin does increase the hyoscyamine con- 
tent and incorporation of ~-proline-U-’~C into it. 


There does not seem to be any significant change in the protein 
content (as determined by Lowry’s method) of the puromycin- 
treated roots as compared to the control. This may be attributable 
to the secondary effect associated with puromycin, which consists 
of a breakdown of polysomes due to an acceleration of the ribo- 
somes along the mRNA and subsequent release of the ribosomes 
from the polysomes (27-29). The proteins probably are constantly 
turning over and during this process the proline may be diverted to 
alkaloid synthesis. On a single root basis, however, there is a de- 
crease in the protein content, which seems reasonable since both the 
dry weights and fresh weights are considerably reduced. 


The incorporation of ~-pro l ine-U-~~C into trichloroacetic acid- 
precipitable protein is not affected by either the 1- or 2-week 
treatment with puromycin. When the results are expressed on the 
250-mg. fresh weight basis, there is a statistically significant in- 
crease in the incorporation of radioactivity into trichloroacetic 
acid-precipitable protein only in 1 -week, puromycin-treated roots. 
Similar results were obtained by Stenesh and Shen (30), who worked 
on Bacillus licheniforniis and Bacillus st earothermophilus 10. They 
showed that, under certain conditions, puromycin can actually lead 
to a stimulation of amino acid incorporation in cell-free systems. 
Whether stimulation or inhibition is observed depends on the con- 
centration of puromycin, the temperature of incubation, the con- 
centration of tRNA, and the age of the subcellular fraction. 


The greater increase in the incorporation of ~-proline-U-l~C 
into hyoscyamine in the I-week, puromycin-treated roots as com- 
pared to the 2-week, treated roots may be explained on the basis of 
increased enzyme activity of the key enzymes involved in hyoscy- 
amine formation in the first case, since the inhibition was removed 
in the 2nd week of growth. 


CONCLUSIONS 


1. Chloramphenicol, cycloheximide, and puromycin, under the 
conditions of this investigation, inhibit the growth of isolated root 
cultures of D .  stramonium var. tatula as evidenced by the decrease 
in the dry and fresh weights. Growth habits of the cultures are also 
changed. 


2. At the concentrations used for the three inhibitors tested, the 
puromycin-treated roots show a statistically significant increase in 
the hyoscyamine content and in the uptake of ~-proIine-U-l4C into 
hyoscyamine by the isolated root cultures. Total protein appears 
unaffected. 


3. Hyoscyamine production in D. stramonium var. tatirla is 
increased by the use of puromycin in isolated root cultures. This is 
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Constituents of Cannabis sativa L. I: 
Propyl Homologs of Cannabinoids from an Indian Variant 


PATRICIA S. FETTERMAN* and CARLTON E. TURNER' 


Abstract 0 Cannabidivarin and tetrahydrocannabivarin are shown 
to be present in an Indian variant of Cannabis sariua L. (marijuana) 
in Mississippi. GC and mass spectrometry were used for identifica- 
tion. Indications are that these compounds are present as acids in 
fresh material. 


Keyphrases 0 Cannabis satiua L.-identification of cannabidivarin 
and tetrahydrocannabivarin, GLC, mass spectroscopy 0 Marijuana 
-identification of cannabidivarin and tetrahydrocannabivarin, 
GLC, mass spectroscopy 0 Cannabidivarin-GLC and mass 
spectroscopic identification as constituent of Cannabis safiua 0 
Tetrahydrocannabivarin-GLC and mass spectroscopic identi- 
fication as constituent of Cannabis saliva 0 Cannabinoids, propyl 
homologs-identified as constituents of Cannabis satiua, GLC, mass 
spectroscopy 


Previous publications showed the presence of propyl 
homologs of cannabinoids in samples of Cannabis 
satiua L. (1-5). The samples used were either hashish or 
tinctures. In view of the instability of some of the canna- 
binoids, the age and preparation of these samples indi- 
cated a need to investigate the content of fresh plant 
material. In this report, evidence is presented for the 
presence of propyl homologs of cannabinoids in fresh 
plant material, specifically in an Indian variant of C. 
sativa L. 


G C  and GC-mass spectrometry were used as methods 
of analysis. TLC was used as an auxiliary tool. 


C 


I E  


Figure 1-Clzromatogram of 1971 ilariani o/ Indian C .  sativa L. 
(I-B).  Key: A ,  cannabidivarin; B, (-)-A%ans-retrahydrocanna- 
hirariri; C,  cannabidiol; D ,  ( - )-A8-trans-ietrahydrocannabinol; E,  
( - )-Ag-trans-tetrahydrocai~nabirrol; F, cannabigerol; G ,  cannabinol; 
H, unknown peak: and I ,  I-androstene-3.I7-dione (internal standard 
used by NIMH).  


Variants of C. sativa L. from all over the world have 
been grown on the campus of the University of Missis- 
sippi, some dating back to  the start of the marijuana 
project in 1968 (6). Each year the variants are analyzed 
both quantitatively and qualitatively for the presence 
of certain cannabinoids, using G C  (7). In  1970, two 
Indian variants of C. sativa were obtained and grown on 
campus'. The chromatograms of all samples of one 
variant (I-B) showed the presence of two additional 
major peaks. Again in 1971 these peaks were present 
in the plant material grown from this same variant 
(I-B) (Fig. 1). These peaks were not found in significant 
quantities in any other variants of C. sativa. 


Figure 2 shows the chromatograms of two variants of 
C .  sativa commonly produced in the garden. The other 
Indian variant (I-A) looks similar to  the Mexican (Fig. 
2). The two additional peaks (A and B in Fig. 1) had 
relative retention times of 0.18 and 0.26, respectively, 
when analyzed by G C  using 4-androstene-3,17-dione 
as the internal standard. 


I 
I 
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I 
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I n 
Figure 2-Overlay of cliromafograms of a Mexican and of a Turkish 
aariant of C. sativa L. Key: ---, Turkish variant; and --, Mexican 
carianr. Peaks are lettered as in Fig. I. 


1 Seeds for the Indian variant (I-A) wre obtained through Dr. Milton 
Joffe of the National Institute of Mental Health. Seeds for the variant 
(I-B) were obtained by Professor Norman J. Doorenbos from Dr. C. K. 
Atal of the Regional Research Lab., Jammutawi, India. 
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Table I-Relative Retention Times of Cannabinoids 
~ ~~ ~~ ~~ 


Cannabidivarin 0.18 
( -)-Ag-trans-Tetrahydrocannabivarin 0.26 
Cannabidiol 0.34 
( -)-A8-trum-Tetrahydrocannabinol 0 .44 
( - )-Ag-tmtrs-Tetrahydrocannabinol 0.49 
Cannabigerol 0.56 
Cannabinol 0 .63  
Unknown 0.72 
4-Androstene-3,17-dione 1 .oo 


EXPERIMENTAL 


Samples were prepared for chromatographic analysis by the 
method reported by Fetterman et al. (7). The G C  separations were 
performed on 2-mm. i d .  X 1.8-m. (8-ft.) glass columns packed with 
2% OV-17 (phenyl methyl silicone) on Chrom WHP2. Gas chro- 
matographs3 with flame-ionization detectors were used. The inlet 
temperature was 230", the column was 210", and the detector was 
250". Nitrogen was used as a carrier at  30 and 10 ml./min. for close 
calculation of relative retention times. 


Hashish samples obtained from Europe4 were used initially to 
identify the compounds by relative retention times (Table I). In 
addition. a synthetic sample5 of ( -))-A9-rra~is-tetrahydrocanna- 
bivarin was used for further identification. 


For further identification, GC-mass spectrometry was used6. A 
stainless steel, SE-30 column was used with helium as the carrier. 
The mass spectrometer was operated at  70 ev. 


RESULTS AND DISCUSSION 


The mass spectrum of the first major peak (A) showed a molecular 
ion at  m/e 286 with major peaks at  m / e  271, 218, 174, and 165. 
These data agree with the mass spectral data of cannabidivarin 
reported by Vollner et al. (3). The second major G C  peak gave mass 
spectral peaks at  ni/e 286 (molecular ion), 271, 243, and 203. These 
data agree with the mass spectral data reported by Gill (2) for 
( - )-A9-trcr~rs-tetrahydrocannabivarin. 


The present work shows peaks A and B from fresh C. satiua of 
an Indian variant (I-B) to be cannabidivarin and ( -)-A9-tram- 
tetrahydrocannabivarin, respectively. Gill et at. (1) showed that 
tetrahydrocannabivarin or the propyl homolog of ( - ) -A9-tro/~s-  
tetrahydrocannabinol produces a cataleptic state in mice; however, 
they stated that i t  is more rapid in onset and decay in experiments 


2 Beckman Instrument Co., Fullerton, Calif. 
3 Beckman GC 45 and GC 72-5. 
Supplied by Dr. F. W. H. M. Merkus and Dr. R. A.  de Zeeuw. 
Supplied by Dr. L. Hollister. 
The gas chromatograph was a Varian series 1400 and was in com- 


bination with a DuPont 21-492 high resolution mass spectrometer. 


on isolated organs than is ( -)-A9-trans-tetrahydrocannabinol, the 
compound often referred to  as the main cause of psychotomimetic 
effects in C. sariua L. (2). 


Further work on the GC-mass spectrometer indicated that the 
propyl homologs found in the fresh plant material were present as 
their acids, as in the case of ( -)-A9-rrans-tetrahydrocannabinol 
and cannabidiol(8). These data will be reported later. 


CONCLUSIONS 


Propyl homologs are, indeed, naturally present in C.  satica L. but, 
as is the case with other cannabinoids, they may be present in 
significant or nonsignificant amounts, depending on the variant. 
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subsequently with 300-ml. portions of a chloroform-methanol 
mixture, and the following fractions were collected: Fraction I 
(9:1), Fraction 11 (8:2), Fraction I11 (7:3). and Fraction IV (6:4). 
Compound XVI was obtained from Fractions 111 and IV. The 
solvent was removed under reduced pressure; the white solid 
product was dissolved in 10 ml. of chloroform and suction filtered. 
The chloroform was removed under nitrogen, and any residual 
chloroform was removed under vacuum in a dessicator over phos- 
phorus pentoxide, resulting in 700 mg. of product, m.p. 161-163" 
(with prior softening). TLC, using solvent systems of chloroform- 
methanol (8 :2 v/v) and chloroform-methanol-water (65:25 :4 
v/v/v), revealed one spot with Rf values of 0.10 and 0.46, respec- 
tively. It gave a positive ninhydrin test. 


Anal.-Calc. for G3H4*N08P: C ,  55.51;H,9.72;N, 2.81; P, 6.22. 
Found: C, 55.17;H, 9.54; N, 2.72; P, 5.99. 
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Potential Antihistamines with Increased 
Receptor Specificity 


P. PARIMOO*, B. F. GRABOWSKI', and W. G .  HANEY, Jr. 


Abstract 0 A series of N,N-dialkylaminoakyl aniline derivatives 
were designed and prepared to elicit selective antihistaminic ac- 
tivity. As a result of the relative polarity of these compounds, un- 
desirable CNS, adrenergic, and anticholinergic activities are ex- 
pected to be less than those of the more lipophilic antihistaminic 
compounds. The intermediate substituted aniline derivatives were 
prepared by base-catalyzed substitution of aniline and were then 
N-acylated with 2-bromopropionyl bromide. Characterization of 
the synthesized compounds was accomplished by elemental analyses 
and IR and NMR spectroscopy. 


Keyphrases 0 Antihistamines, potential-synthesis of aniline deriv- 
atives for increased receptor specificity 0 Aniline, N,N-dialkyl- 
aminoalkyl derivatives-synthesis, designed to elicit selective anti- 
histaminic activity 0 N-Alkyl-N-[l-(2-bromopropionyl)]aniline 
derivatives-prepared as selective antihistaminic agents 


Many classical medicinal chemical studies have been 
designed to elucidate drug-receptor interactions. In a 
typical study (l), a series of compounds is synthesized 


and evaluated for a particular type of pharmacological 
activity. Important inferences may be made concerning 
the nature of the drug-receptor interaction from the 
structure-activity relationships evolved from such a 
study. On the basis of these inferences, drugs may be 
prepared which are assumed to have the characteristics 
necessary for a strong interaction with the receptor 
(21. 


This approach has been very fruitful and has led to 
the production of many potent drugs. However, as 
more active drugs become available in an area of 
therapy, it becomes apparent that there is not neces- 
sarily a relationship between drug potency and drug- 
receptor specificity. For example, an analgesic com- 
pound such as morphine exhibits anticholinergic ac- 
tivity (3), sympatholytic activity (4), e tc . ,  in addition 
to the desired activity. Thus, a potent drug which 
interacts strongly with the receptor may also interact 
with other types of receptors and produce side effects. 


974 0 Journal of Pharmaceutical Sciences 







Table I-N-Alkyl Aniline Intermediates 


Compound R Boiling Point (mm.) Yield, Formula Calc., N Founda, N 


IA -N(CH,), 80-82" (0.15)* 31 CioHi aNz 17.05 17.27 
IIA -CHzN(CHJi 96-99 (0.25p 40 CiiHiaNz 15.55 15.19 


IIIA -N(CH )2 138-139" (0.25) 58 Ci4Hz4Nz 12.71 12.78 
/CH3 


\C", 


104-107" (0. 25)d 47 CizHisNz 14.72 14.97 


128-130" (0.65) 54 Ci3HzoNz 13.71 14.02 
90-93" (0.55) 57 CizH2oNz 14.57 14.85 


-NAO 130-134" (0.20) 70 CizHisNzO 13.58 13.31 


IVA -0 
VA -0 


VIA -N(CHiCH,X 


L J  
VIlA 


a Carbon and hydrogen analyses were also performed, * Lit. ( 6 )  b.p. 86-88" (1.0). c Lit. ( 6 )  b.p. 119-122" (4.0). d Lit. (7) b.p. 14&149" (12.0). 


As a result, many of the most widely used therapeu- 
tic agents would appear t o  interact relatively weakly 
with the receptor in  question. Propoxyphene hydro- 
chloride, for example, is much less active than other 
analgesic agents ( 5 ) ;  yet it remains widely used be- 
cause of its low incidence of untoward effects (6) .  
This low incidence of side effects, relative to  other 
members in its therapeutic class, is related to  its low 
analgesic potency. 


DISCUSSION 


Antihistaminics have serious side effects which result from 
their interaction with other types of receptors, giving, for example. 
anticholinergic (7), adrenergic (8), and CNS depressant (9) ac- 
tivities. These actions are related to the lipophilic character of 
the antihistamines. Because of this property, they can easily 
penetrate the blood-brain barrier t o  exert their central action (10). 
In the periphery, according to Belleau (1 I ) ,  this lipophilicity allows 
an effective nonspecific conformational perturbation of both adren- 
ergic and cholinergic receptors. Hence, it would be of interest to 
design more polar antihistaminic compounds in the hope of reduc- 
ing these undesired activities. 


Table 11-N-AIkyI-N-[ 1 -(2-bromopropionyI)]aniline Hydrobromides 


With these considerations in mind and in light of the require- 
ments for maximum antihistaminic activity summarized by Witiak 
(12), we present a series of N-alkyl-N-[l-(2-bromopropionyl)]- 
aniline hydrobromides as potential antihistaminic agents. Com- 
pounds in this study were prepared to contain an amide linkage in 
order t o  facilitate conventional metabolism and to decrease their 
degree of penetration into the CNS. The presence of a phenyl sub- 
stituent on the amide nitrogen provides for a degree of nonpolar 
character, which is further augmented by the 2-bromopropionyl 
grouping. The necessary two or three carbon chain and the tertiary 
amine function separated from the amide nitrogen are also present 
in these compounds. 


Thus, the primary requisites for antihistaminic activity are pres- 
ent in the compounds in this study, but the degree of nonpolar 
substitution is small compared with that of most potent anti- 
histaminic agents. It is anticipated that these compounds will 
have sufficient nonpolar character to allow for antihistaminic 
activity and yet not enough lipophilicity to  give serious interaction 
with other receptors. 


The N-alkyl aniline derivatives listed in Table I were starting 
materials for the synthesis of the amides. They were prepared, with 
suitable modifications, according to  the method of Peak and Wat- 
kins (1 3). 


The N-alkyl-N-[l-(2-bromopropionyl)]aniline hydrobromides 
listed in Table I1 were prepared by a modification of the method 
of Julian and Pikl(l4). 


Crystal- 
Com- lization 
pounda R Melting Point Solventh Yield, Formula Calc., N Found', N 


I -N(CH,), 125-127" C 92 C13HZOBr2N20 7.37 7.06 
I1 - CHZN(CH,), 98-100" C 95 CldH22Br?N20 7.10 6.83 


-N( CH 137-1 39" B 86 Cl,H28Br2N20 6.46 6.59 111 
,CH, 


\ 
CHA 


1 80- 1 82 A 96 C15H22Br?NZ0 6.89 7.21 


180-182 C 92 C16Hz4Br~N20 6 66 6.77 


VI -N(CH,CH,), 138-140" C 92 Cl5HZ4BrzNz0 6 86 7.27 


VII -N 0 178-1 80" A 92 Cl5H22Br2NzOZ 6 63 6.88 


-0 
-0 


IV 


V 


A 


u 


(1 The compounds were characterized as hydrobromide salts. b A, isopropyl alcohol; B, benzene; and C ,  A and B. c Carbon and hydrogen analyses 
were also performed. 
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EXPERIMENTAL’ Pharmacological properties of these compounds are under investi- 
gation. 


Preparation of N-Alkylated Aniline Intermediates (Table I)- 
The appropriate dialkylaminoalkyl chloride hydrochloride (0.6 
mole) and anhydrous potassium carbonate (110.4 g., 0.6 mole) 
were added to  freshly distilled aniline (55.8 g., 0.6 mole) in a three- 
necked, round-bottom flask equipped with mechanical stirrer, 
reflux condenser, and calcium chloride drying tube. The reaction 
mixture was refluxed for 12 hr. and then allowed to cool to room 
temperature. A sodium hydroxide solution (2.0’7,) was added, and 
the resulting mixture was extracted with benzene. The benzene 
layer was separated, washed with water, and dried over anhydrous 
magnesium sulfati. Removal of the solvent under reduced pressure 
gave a brown liquid which was vacuum distilled. 


IR and NMR spectral data were utilized in the characterization 
of the intermediates listed in Table I. The 1R spectra showed 
characteristic peaks for the aromatic secondary amine function: 
3430 and 1340 cm.-*. The NMR spectra (deuterated chloroform) 
showed peaks for the aromatic substituent (6.5 and 7.15 p.p.m.), 
aromatic methylene (3.1 p.p.m.), and aliphatic amine methyl or 
methylene (2.1 p.p.rn.) with proper multiplicities. 


Synthesis of ~V-Alkyl-N-[l-(2-bromopropiony~)]an~line Hgdro- 
bromides (Table 11)-The appropriate N-alkylated aniline inter- 
mediate (0.18 mole) was dissolved in anhydrous benzene in a three- 
necked, round-bottom flask equipped with mechanical stirrer, 
reflux condenser. calcium chloride drying tube, and dropping 
funnel. The solution was cooled in an ice-salt bath, and Z-bromo- 
propionyl bromide (41.0 g., 0.19 mole) was added dropwise to the 
solution. The reaction mixture was stirred for 12 hr., refluxed for 
30 min., and cooled to room temperature. The while solid which 
separated was filtered and washed with dry benzene. The N-alkyl- 
N-[l-(2-bromopropionyl)]aniline hydrobromide was repeatedly 
recrystallized from benzene, isopropyl alcohol, or a mixture of the 
two. 


SUMMARY 


A series of N-alkyl-N-[l-(2-bromopropionyl)]aniline derivatives 
were prepared as potentially selective antihistaminic agents. These 
compounds were characterized with IR and NMR spectral data. 


~~~~~ 


1 Reported melting points are uncorrected. A Thomas:Hoover 
Unimelt apparatus was used for the melting-point determinations. 
IR spectral analyses were conducted on a Perkin-Elmer model 137G 
or 337G spectrophotometer, while NMR spectra were obtained on a 
Varian model T-60 spectrophotometer. 
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Role of Drug Metabolism in Drug Research and Development: 
Factors Affecting Metabolism of Drugs and Their 
Pharmacological and Toxicological Activity 


BITTEN STRIPP’ and JAMES R. GILLETTE 


Abstract 0 Drug effects are influenced by binding to target sites, by 
inhibition or induction of hepatic drug-metabolizing enzymes by 
various agents, and by the formation of physiologically active me- 
tabolites in the liver aswellas inextrahepatictissue. Knowledgeof the 
principles involved provides a better understanding of the pharma- 
cological action of a drug and helps in the design of less toxic 
drugs. 


Keyphrases ‘J Drug metabolism-role in drug research and de- 
velopment, symposium 0 Pharmacological, toxicological activity- 
effects of binding, hepatic drug-metabolizing enzymes, formation of 
active metabolites ‘J Toxicological activity of drugs-effects of 
binding, hepatic drug-metabolizing enzymes, formation of active 
metabolites 0 Metabolizing enzymes, drug-inhibition, induction, 
effect on drug metabolism 0 Metabolite formation-effect on drug 
metabolism 


Although the pharmacological effect of a drug is 
determined by a number of factors, such as absorption, 
distribution, excretion, and metabolism, it is generally 
terminated by the conversion of the therapeutic agent 
into nonactive metabolites. Sometimes a change in 


metabolism may affect the pharmacological activity in a 
predictable way, and plasma levels of a drug can be 
directly related to  the effect of the drug. But when a 
compound has to be converted to an active metabolite 
to  exert its activity, as is seen with imipramine and a 
number of cholinesterase inhibitors of the phosphoro- 
thionate type, a correlation between plasma levels of the 
drug and its activity is usually not observed. Moreover, 
some drugs during their metabolism can be irreversibly 
or pseudoirreversibly bound to the target organ and 
exert their activity long after they are undetected in 
plasma. This occurs with cholinesterase inhibitors and 
reserpine. In these cases the complex interplay of the 
above-mentioned factors that determine the effect of a 
drug will quite often make it impossible to  predict the 
effects of inhibitors or inducers of drug metabolism on 
the pharmacological effect of the drug. There are 
general principles, however, regarding the effects of 
inhibitors or inducers of drug-metabolizing enzymes on 
drug action ; these principles can be helpful to the 
pharmacologist who is evaluating a new drug. 
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Table I-Effect of Phenobarbital on Diazepam Metabolism by 
Liver Microsomes in Different Animal Speciesa 


--Increase by Phenobarbital Induction-. 
Hydroxylation N-Demethylation 
Formation of Formation of 
N-Methyloxa- N-Demethyldia- 


Species zepam, Z zepam, Z 
Mouse 
Rat 
Guinea pig 


109 
233 


0 


0 
323 
426 


a From F. Marcucci, R. Fanelli, E. Mussini, and S. Garrattini, Bio- 
chem. Phurmocol., 19, 1771(1970) (with permission from the authors). 


ILLUSTRATION OF GENERAL PRINCIPLES 


When a drug is eliminated largely unchanged by the kidneys, 
inducers or inhibitors of drug metabolism play a negligible role in 
altering the action of the drug. Thus, inducers and inhibitors do not 
affect the duration of barbital anesthesia in rats (1). On the other 
hand, if a drug is rapidly metabolized in the liver, the blood flow 
rate through the liver may become rate limiting (2); thus, the 
inhibitors or inducers of drug metabolism may or may not play a 
significant role in changing the effect of the drug. For example, 
tremorine and oxotremorine are more rapidly metabolized in rats 
after intraperitoneal administration than after intravenous adminis- 
tration (3). Thus, if the drug is rapidly absorbed as well as rapidly 
metabolized, inhibitors have a greater effect when the drug is 
administered orally or intraperitoneally than when it is administered 
intravenously. The reason for this is that the initial ratio of total 
amount of drug to its concentration in the portal vein can be 
smaller after oral than after intravenous application. This is pre- 
sumably the reason that desipramine intensifies the action of oxo- 
tremorine to  rats after intraperitoneal but not after intravenous 
doses (4). 


There are other instances where the action of a drug may not be 
profoundly altered by inducers or inhibitors. For example, when a 
highly lipid-soluble drug with a slow metabolism and excretion is 
given intravenously, the concentration rises rapidly in the highly 
perfused tissues such as brain and then in the more slowly perfused 
tissues such as muscle and fat. If during the redistribution phase 
the plasma level drops below that required for the drug to exert its 
pharmacological action, one would not expect that the action would 
be affected by inducers or inhibitors. Thus, the inhibitor proadifen 
hydrochloride [SK &F 525-A, Z-(diethylamino)ethyl 2,2-diphenyl- 


valerate hydrochloride] does not appreciably prolong the duration of 
action of thiopental(5). 


Therefore, inducers shorten and inhibitors prolong the effect of 
drugs only when the dominant factor in determining drug action is 
the hepatic metabolizing enzyme system. Thus, the sleeping time of 
animals receiving hexobarbital or pentobarbital can be profoundly 
altered by prior treatment with inducers, such as phenobarbital 
(6), or by inhibitors, such as proadifen hydrochloride (7). 


If only the parent drugs but none of their metabolites exerted 
pharmacological responses, the pharmacologist would need to  
study only the rate of metabolism of the drugs and not the forma- 
tion of metabolites. But metabolites frequently can exert pharma- 
cological responses, so it becomes important to elucidate the 
pathways of drug metabolism and the relative rates at  which the 
various metabolites are formed and eliminated. 


A number of studies have revealed that the relative importance of 
different pathways of drug metabolism may differ among various 
animal species. Active metabolites may accumulate in some species 
but not in others. For example, the antireserpine effects of imi- 
pramine persist for a longer time in rats than in mice because 
desipramine, an active metabolite, accumulates in rats receiving 
imipramine but not in mice (8). This occurs because desipramine is 
formed more slowly and metabolized more rapidly in mice than in 
rats. On the other hand, the antimetrazol effects of diazepam persist 
for a longer time in mice than in rats because N-demethyldiazepam, 
an active metabolite, accumulates in mice but not in rats (9, 10) 
(Fig. 1). Studies (11) with the metabolites of diazepam revealed 
that diazepam is rapidly converted in mice to N-demethyldiazepam 
which, in turn, is slowly converted to oxazepam and then to other 
metabolites. By contrast, diazepam is slowly converted in rats to 
N-demethyldiazepam which, in turn, is converted to oxazepam 
slightly more rapidly in rats than it is in mice. 
In considering the possible effects of an inducer on the accumu- 


lation of active metabolites, it should be kept in mind that inducers 
can stimulate one pathway of drug metabolism without affecting 
others. For example, prior treatment of rats with 3-methylcholan- 
threne preferentially increases the hydroxylation of biphenyl in the 
ortlmposition, whereas prior treatment with phenobarbital pref- 
erentially increases the hydroxylation of biphenyl in the para- 
position (12). Moreover, inducers can exert diverse effects in 
different species. For example, prior administration of pheno- 
barbital increases the formation of hydroxylated metabolites of 
diazepam by liver microsomes from mice; it increases the formation 
of both hydroxylated and N-demethylated metabolites of diazepam 
by liver microsomes of rats; but it increases the formation of only 
N-demethylated metabolites by liver microsomes of guinea pigs 
(13) (Table I). Furthermore, inducers are seldom specific and can 
increase the activity of different kinds of drug-metabolizing en- 


Table 11-Effect of Spironolactone Pretreatment of Female Rats on Hexobarbital Sleeping Time; on Ethylmorphine, Hexobarbital, and 
Benzo[a]pyrene Metabolism; and on Cytochrome P-450 and Cytochrome c Reductase in Female Rat Liver Microsomes 


Ethylmorphine Hexobarbital 
Metabolism, Metabolism, Benzo[a]pyrene Cytochrome Cytochrome 


nmoles nmoles Metabolism, P-450, c Reductase, 
Sleeping Protein, HCHO/mg. Disappeared/mg. nmoles/mg. A450-190 d m g .  nmoles/mg. 


Timea mg./g. Liver Protein/min. Protein/min. Protein/min. Protein Protein/min. 


Control 60.0 f 3.3b 20.1 f 0.57 2.41 f 0.045 1.19 f 0.17 0.087 =t 0.0081 0.062 ;t 0.0039 106 f 2 
Treated 18.9" =t 3 . 0  19.1 =t 0.86 9.2@ f 0.37 2.53c f 0.41 0.16Ic f 0.013 0 . 0 W  f 0.0025 1 8 9 ~  f 2 


a Sleeping time measured after intraperitoneal injection of 80 mg./kg. of hexobarbital as the time difference between the disappearance and reap- 
pearance of righting reflex. 6 Values are the mean of five animals f SE. c p < 0.01 with respect to control. 


Table 111-Effect of Spironolactone Pretreatment of Male Rats on Hexobarbital Sleeping Time; on Ethylmorphine, Hexobarbital, and 
Benzo[a]pyrene Metabolism; and on Cytochrome P-450 and Cytochrome c Reductase in Male Rat Liver Microsomes 


Ethylmorphine Hexobarbital Benzo[a]pyrene 
Metabolism, Metabolism, Metabolism, Cytochrome Cytochrome 


nmoles nmoles nmoles P-450, c Reductase, 
Sleeping Protein, HCHO/mg. Disappeared/mg. Metabolized/mg. A450-,90 nn, /mg. nmoles/mg. 
Time" mg./g. Liver Protein/min. Protein/min. Protein/min. Protein Protein/min. 


Control 17.1 f 4.9b 19.4 2~ 1.8 11.06 =t 0.80 6.07 =t 0.87 0.298 f 0.028 0 . 0 6 0 f  0.003 156 f 4 .7  
Treated 19.1 =!= 1 . 8  21.6 f 0.63 16.3c i 0.5 4 .1 lC  f 0.73 0.210c f 0.013 0.055 f 0.003 2 6 8 ~  f 15 


Sleeping time measured after intraperitoneal injection of 80 mg./kg. of hexobarbital as the time difference between the disappearance and reap- 
pearance of the righting reflex. b Values are the mean of five animals * SE. c p  < 0.01. 
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Table IV-Effect of Steroid Pretreatments of Female Rats on 
Cytochrome P-450 Content and Metabolism of Hexobarbital 
and Ethylmorphine 


Table V-Effect of Steroid Pretreatments of Male Rats on 
Cytochrome P-450 Content and Metabolism of Hexobarbital 
and Ethylmorphine 


Hexobarbital Ethylmorphine 
Cytochrome Metabolism, Metabolism, 


P-450, nmoles/mg. nmoleslmg. 
A150-190 ",,,./ Protein/min., Protein/min., 


Pretreatment" mg. Protein Vmsx Vmllr 
~~~~~~ 


Control 0.057 f 0.001 1.39 f 0.087 3.53 f 0. 
Spironolactone 0.050 f 0.002 3.25 f 0.33b 12.4 & 0. 
Methyltestos- 0.046 f 0.003b 3.75 =t 0.57b 5.79 + 0. 


Cortisone 0.048 f 0.00lb 2.52 + 0 . 3 4  6.79 & 0 .  
terone 


acetate 


18 
8Ib 
29b 


36* 


a Values in acute studies are the mean of four animals =k SE; dose: 
100 mg./kg. twice daily for 4 days. b p  < 0.03 with respect to control. 
c p < 0.05 with respect to control. 


zymes such as the cytochrome P-450 enzymes, glucuronyl trans- 
ferase, and epoxide hydrase. For these reasons, it is sometimes 
difficult to predict whether an inducer will increase or decrease 
the accumulation of active metabolites. 


Moreover, inducers can exert diverse effects in male and female 
rats, as is the case with spironolactone (14) which decreases the 
hexobarbital sleeping time in females but is without effect in males 
(Tables I1 and 111). Accordingly, the in uitro hydroxylation of 
hexobarbital and benzo[a]pyrene (3,4benzpyrene) is increased in 
liver microsomes from female rats but is decreased in microsomes 
from male rats. The in uitro N-demethylation of ethylmorphine, 
however, is increased in both males and females, suggesting that 
the rate-limiting step in the oxidation by microsomal enzymes may 
not be the same for all type I substrates. 
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Figure 1-The points represent the dose of metrazol which was pro- 
tected by at least 50%. The parameter used for  measuring antimetra- 
zol actiuity was mortality. From S.  Garattini, "Metabolism of Diaze- 
pam in Animals and Man," CINP Meeting, Tarragona, Spain, 1968 
(with the author's permission). 


Hexobarbital 
Cytochrome Metabolism, 


P-450, nmoles/mg. 
A4,-4so nm,l Protein/min., 


Control 0.061 i 0.006 8.79 zk 0.59 
Spironolactone 0.054 =t 0.004 3.33 Z!Z l . l l b  
Methyltestos- 0.064 f 0.006 6 .  I8 & 0.61c 


Cortisone 0.031 =!= 0.002 6.08 & 0.21b 


Pretreatment' mg. Protein V m a x  


terone 


acetate 


Ethylmorphine 
Metabolism, 
nmoles/mg. 


Protein/min., 
Vma* 


8.50 f 0.95 
12.6 =k 0 . 6 3 ~  
11.8 f 1.08 


8.32 f 0.95 


a Values in acute studies are the mean of four animals * SE; dose: 
100 mg./kg. i.p. twice daily for 4 days. * p < 0.01 with respect to control. 
e p  < 0.05 with respect to control. 


Spironolactone is also an example of an inducer that can exert 
its effect without changing the level of cytochrome P-450 (14), 
which is often used as an indicator for enzyme induction. Similarly, 
pretreatment with other steroids such as methyltestosterone or 
cortisone acetate can increase the metabolic activity as measured 
in vitro in liver microsomes from female rats but decrease the activity 
in microsomes from males; in both sexes, however, decreased or 
unchanged levels of cytochrome P-450 are observed (unpublished 
results) (Tables IV and V). 


Besides exerting different effects in different species and sexes, the 
inducers can also be selective in their choice of tissue. The benzo- 
[alpyrene hydroxylase activity, which is characteristically induced 
by polycyclic hydrocarbons, seems more readily induced by 7,12- 
dimethylbenzanthracene in lung than in liver of rats with respect 
to time and dose'. Moreover, induction in male rats with 3-methyl- 
cholanthrene makes the benzo[a]pyrene hydroxylase activity in 
liver inhibitable by 7,8-benzoflavone, a compound that in uninduced 
rats inhibits the hydroxylase activity only in lungs and kidneys but 
not in liver (15). Thus, the metabolism in extrahepatic tissues, which 
usually is not thought to be of importance compared to that in the 
liver, might be of vital significance if highly reactive alkylating 
agents are formed by extrahepatic enzymes. For example, the bone 
marrow damage caused by 7,12-dimethylbenzanthracene may be 
caused by a covalent bond formed in this tissue. In accord with this 
view, Suria et at. (16) found that proadifen hydrochloride com- 
pletely prevented the toxicity of 7,12-dimethylbenzanthracene in 
the bone marrow and partially prevented the formation of the 
covalent bonding. In working with inhibitors like proadifen hy- 
drochloride or 7,8-benzoflavone, however, one must keep in mind 
that they both exert inducing effects on drug metabolism at a later 
stage after their administration (6, 17, 18), but the time between 
the inhibitory and inducing stages may not necessarily be the same 
in hepatic and extrahepatic tissue. 


The effects of inhibitors and inducers of drug metabolism on 
tissue damage by certain drugs may be difficult to predict. Indeed, 
one inducer may potentiate while another may ameliorate the ef- 
fect of a toxicant. For example, the damaging effects of carbon 
tetrachloride on the microsomal enzymes are enhanced by pheno- 
barbital induction (19) but partially prevented by 3-methylcholan- 
threne induction (20, 21). The former may act by enhancing the 
metabolism and thereby the formation of free radicals of carbon 
tetrachloride, which are believed to be responsible for the damaging 
effects (22), but the protective effect of 3-methylcholanthrene still 
remains obscure. Similarly, phenobarbital increases and 3-methyl- 
cholanthrene decreases the centrolobular necrosis seen after bromo- 
benzene administration to rats. It now seems likely that bromo- 
benzene causes necrosis by being converted to its epoxide, which 
then becomes covalently bound to macromolecules in the liver (23). 
After phenobarbital induction, bromobenzene metabolism and 
covalent bonding to the necrotic areas increased. Most of the 
covalent bonding occurred at 12-24 hr. after administration (24), 
a time when glutathione was decreased in theliver2. It seems likely, 


1 Unpublished observation, Blaszkowski, Stripp, and Bogdanski, Fifth 


2 N. G .  Zampagalione, D. J. Jollow, J. R. Mitchell, and J. R. Gillette, 
International Congress on Pharmacology, San.Francisco, Calif, 1972. 


in preparation. 
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Table VI-Effects of Phenobarbital or 3-Methylcholanthrene Pretreatment on the Urinary Metabolites of Bromobenzene‘ 


Dose, nmoles/ Bromophenyl- Bromocatechol + 
kg. Body mercapturic Bromobenzene 


Pretreatment Weight Acid p-Bromophenol o-Bromophenol Dihydrodiol 


None 
3-Methylcholanthrene 
Phenobarbital 


Percent of Total 48-hr. Excretion 
10.0 46 i 4 38 =!c 4 5 + 1  l o &  3 
10.0 30 + 4 20 It 3 22 i 4 26 i. 3 


1.50 46 f 4 36 =!c 4 2 * 1  16*  1 


a Values are the mean of 12 animals f SE. 


therefore, that glutathione becomes completely depleted only in 
the centrolobular region where necrosis takes place. It is also in this 
region that the proliferation of the endoplasmic reticulum is ob- 
served after phenobarbital induction (25). After 3-methylcholan- 
threne induction, the hepatotoxicity of bromobenzene is com- 
pletely prevented (26), even though the 3-methylcholanthrene 
slightly increases bromobenzene metabolism3. But analysis of the 
metabolites in urine showed that this induction also increases the 
formation of bromobenzene dihydrodiol (27) (Table VI). These 
results suggested that after the centrolobular region is depleted of 
glutathione, bromobenzene epoxide can be inactivated by epoxide 
hydrase, thereby preventing covalent bonding and necrosis. This 
relatively different enhancement seen after phenobarbital or 3- 
methylcholanthrene induction of the activity of the glutathione- 
conjugatins system, the epoxide hydrase, and the activity of the 
cytochrome P-450 system that forms the epoxide thus determines 
the different effects of the two inducers. 
In conclusion, it is difficult t o  predict whether inducers of drug 


metabolism will shorten and inhibitors will prolong the action 
of a drug. The knowledge of the metabolic pattern and the pharma- 
cological and/or toxicological effects of the metabolites of the drug 
becomes of great importance in helping to understand and some- 
times to predict the interaction of different drugs. 
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TECHNICAL ARTICLES 


Dissolution Rate Studies 11: Modified Column Apparatus and 
Its Use in Evaluating Isosorbide Dinitrate Tablets 


J. TINGSTAD’, E. CROPPER, L. LACHMAN, and E. SHAM1 


Abstract 0 A modified, continuous flow, column-type dissolution 
apparatus, using commercially available components, is described. 
Two different size dissolution chambers are compared. The sys- 
tem is employed to evaluate experimental and commercial tablets 
of isosorbide dinitrate (oral and sublingual). Continuous dissolu- 
tion profiles for each product are presented, and some significant 
differences among products are shown. Results with this method 
are compared to those obtained with three beaker methods, in- 
cluding the official USP XVIII-NF XI11 rotating basket. Corre- 
lation of disintegration times and fjo’s is made. Specific advan- 
tages of the flow method (especially with sublingual tablets) are 
cited. 


Keyphrases Dissolution rates, isosorbide dinitrate tablets- 
modified column apparatus, compared to official methods 0 
Isosorbide dinitrate tablets-dissolution rates, modified column 
apparatus, compared to official methods 


The inherent advantages of the column-type, con- 
tinuous flow method of determining dissolution char- 
acteristics of solids were discussed at  length previously 
(l) ,  and similar procedures were described by others 
(2-7). The disadvantages of the static beaker methods, 
emphasized i n  that discussion, were clearly shown by 
Withey (8). He found (as have others) that significantly 
different dissolution rates for the same solid result 
when variations in the beaker system are used. With 
the USP XVIII-NF XI11 rotating basket procedure, 
he demonstrated distinctly different dissolution rates 
for the same solid simply by varying the depth of 
sampling the solution. This was also observed in our 
laboratories. 


The potential difficulties inherent in all varialions of 
the beaker method are eliminated or greatly reduced 
by using the column-type, continuous flow technique 
to  measure the rate of dissolution. This article describes 
a modified column-type apparatus and reports its use 
in evaluating the dissolution characteristics of various 
tablet formulations (including commercial products) 
of isosorbide dinitrate. Results are compared to those 
obtained by the beaker system using three 1:ypes of 
agitation : the USP XVIII disintegration apparatus, a 
three-bladed stirrer, and the USP-NF rotating basket. 


EXPERIMENTAL 


Description of Column-Type Apparatus-A picture of the two 
dissolution chambers (13- and 25-mm. size) and a schematic 
drawing of the entire system appear in Figs. 1 and 2, respectively. 
The basic system is similar t o  that described previously (l), but a 


detailed description of the modified apparatus will be given so 
others can investigate its capabilities. 


The solvent reservoir (A in Fig. 2) consists of a 4-1. flask sub- 
merged in a constant-temperature bath. The bath temperature is 
adjusted to provide a dissolution chamber temperature of 37 f 
1 O for any given flow rate. It is not necessary to place the cell itself 
in a bath, making the system more convenient and useful for routine 
studies. For closer temperature control, however, a second bath 
for the chamber is desirable. 


A filter holder’ (B), using a 14-p size nylon filter, is attached to  
the flexible tubing (C) in the reservoir. This keeps the dissolution 
chamber free from extraneous particulate matter. The pump (D) 
is a variable-speed peristaltic tubing pump with solid-state speed 
control2 with a pump head capable of delivering 7.5-150 ml./min. 
(other pump heads with less or greater capacity are available). 
This type of pumping system: (a) allows the use of 0.1 N HCI 
without causing pump deterioration or solvent contamination, ( b )  
permits the use of different flow rates for different experiments 
while holding a given flow rate constant during each experiment, 
( c )  eliminates the need for a flowmeter in the system, and ( d )  allows 
for more convenient flow control compared to a centrifugal pump, 
where bypass values must be used. Lerk and Zuurman ( 6 )  cautioned 
against using anything but a centrifugal pump, but their results 
were obtained at  a relatively high flow rate (120 ml./min.) where 
pulsation is a problem. At the flow rates of these experiments (12- 
14 ml./min.), the effects of pulsation are not significant. 


The tubing from the pump is connected directly to  the bottom 
of the dissolution chamber, which is a commercially available ul- 
trafiltration cell3. The cell is available in two sizes (with volumes of 
3.5 and 15.5 ml.) and consists of a filter holder (13- or 25-mm. 
size), the two parts (E and J) of which are separated by a poly- 
carbonate cylinder (G) that screws into the two filter holder parts. 
The system takes standard 13- and 25-mm. filters. 


A Teflon-faced stainless steel support screen (F), with a sealing 
gasket, rests on the bottom half (male part) of the filter holder (E), 
but no filter is used here. The filter in the solvent reservoir keeps 
this screen clean; the direction of flow is such that particles in the 
sample do not fall through the screen, and the absence of any filter 
at  this site helps ensure uniform flow into the chamber. Another 
support screen and gasket ( I ) ,  with a 14-p size nylon filter (H), are 
placed at the top of the cylinder. The lower screen (F) and the upper 
filter (H) thus form the boundaries of the system in which undis- 
solved sample material is free to  move. The low volume of the 
chamber reduces homogeneity problems to a minimum, even at 
low flow rates. Because of its lower volume, the 13-mm. cell is 
preferred; however, it tends to  clog more rapidly because of the 
small cross-sectional area of the filter. 


The top of the cell [i.e., the female part of the filter holder (J)] 
is connected to  flexible tubing by means of a male Luer locking 
adapter. This facilitates disassembling the cell and also changing 
the effluent tubing system for different types of experiments. For 
example, for continuous analysis the effluent solution can be 
routed [using the appropriate tubing system with a standard t-tube 
(K) as an air trap] through a spectrophotornetric flow cell (L) and 


1 Swinnex-25. 


3 Millipore Corp. No. XX4201300 and No. XX4202500. 
Cole Parrner, No. 7545. 
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Figure 1-Photograph of (lefi) 13- and (right) 25-mm. dissolution 
chambers. 


then collected in a receptacle (M) which, in effect, acts as an in- 
tegrater for subsequent analysis. If continuous monitoring is not 
needed, this tubing system can be disconnected and a short delivery 
tube [leading directly into the receptacle (M)] can be used instead. 


Procedure for Flow Method-Isosorbide dinitrate in solution was 
determined at 220 nm. with a recording spectr~photometer~. At this 
wavelength, there was some interference from materials extracted 
from the filters and tubing; but since this contribution to absorbance 
reached a constant value within 15 min., the procedure was designed 
to eliminate this as a variable. Either 0.05% polysorbate 80, which 
has a surface tension similar to that of gastricjuice (9), or 0.1 N HC1 
was used as the solvent. The flow rate was 13.5 =k 1 ml./min. The 
25-mm. chamber was used for oral tablets and the 13-mm. unit for 
sublingual tablets. 


Between determinations, the dissolution chamber was disas- 
sembled and cleaned (rinsing with purified water was sufficient). 
It was then reassembled (including new filters in the cell and solvent 
reservoir) and the pump was activated. The system was allowed to 
flush for exactly 15 min. to bring the dissolution cell up to tempera- 
ture and to reduce the blank absorbance to a constant value for 
each experiment (0.03-0.06). A 30-ml. sample was then taken for 
the blank, and the cylinder was unscrewed from the upper part of 
the filter holder. The cell was dried with absorbent paper, a tablet 
was placed on the center of the lower support screen, and the 
chamber was reassembled. The pump was activated and the process 
was observed until dissolution was complete. 


When the spectrophotometric flow cell was used, the dissolution 
profile was recorded on a strip chart. In all other cases, the ef- 
fluent solution was continuously collected (directly as it flowed out 
of the dissolution cell) in graduated cylinders in 5-min. (oral 
tablets) or 30-sec. (sublingual tablets) intervals. Calculations were 
corrected for the lag time in the tubing systems. The amount of 
drug dissolving during any time period was calculated from the 
volume of that aliquot and its UV absorbance. Each experiment 
was performed in triplicate. 


Procedure for Beaker Methods-The usual procedure, with 800 
ml. of 0.1 N HCl at 37 f 1" in a 1-1. beaker, was followed. Agita- 
tion was provided by: (a)  the USP disintegration apparatus (official 
speed) without disks, (b) a three-bladed stirrer (1.5-cm. blades) at 
50 r.p.m. (2.0 cm. from the bottom), or (c) the USP-NF rotating 
basket at 100 r.p.m. (also 2.0 cm. from the bottom). Samples were 
withdrawn every 5 min. and read at 220 nm. on a spectropho- 


Figure 2-Schematic drawing of modified column-type system. See 
text for explanation. 


tometer6. When the rotating basket was used, samples were with- 
drawn from the same position in the beaker each time. Two 10-mg. 
or four 5-mg. oral tablets were used for each determination; sub- 
lingual tablets were not studied. Each experiment was conducted in 
duplicate. 


Procedure for Determining Disintegration Time-The official 
procedure was used, except that the solvent was 650 ml. of 0.05% 
polysorbate 80 and no disks were used. The recorded time was an 
average of six tablets. 


Comparison of 13- and 25-mm. Dissolution Chambers-Dissolu- 
tion rates of the oral experimental formulations were determined 
using the 13-mm. cell (under identical conditions) and the results 
compared to those obtained with the 25-mm. unit. 


Preparation of Experimental Formulations-Experimental formu- 
lations of 5- and 10-mg. oral isosorbide dinitrate tablets were 
identically prepared except for drug content. Two formulations of 
each strength were prepared, the only difference being that in one 
formula of each strength the trituration (252  drug and 75% lactose) 
was milled prior to use. One formulation (using milled triturate) 
of 5-mg. sublingual tablets was prepared. 


RESULTS AND DISCUSSION 


Validity of Assay-Isosorbide dinitrate has an absorption peak at  
200 nm., but 220 nm. was used because of instrument limitations 
and interference. Since a peak was not used and since 220 nm. is a 
questionable wavelength for assay purposes, it was necessary to 
show that this method was a valid experimental technique for de- 
tecting isosorbide dinitrate quantitatively. This was done in the 
following manner. 


1. A Beers' law plot was constructed using data from three 
separate experiments. A good fit was obtained, and an absorptivity 
of 10.07 ml./mg. (1-cm. cell) was calculated with 95% confidence 
limits of 0.11 ml./mg. 


2. In three separate experiments, accurately weighed 40-mg. 
samples of isosorbide dinitrate trituration (equivalent to 10 mg. 


4 Coleman Hitachi EPS-JT. 
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6 Hitachi Perkin-Elmer model 139. 
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Figure 3-Continuous UV tracing of dissolution rute versus time 
for 10-mg. oral tablets ( A  and B are experimental formulations; C 
arid D are commercialproducts). See text for explunatioii. 


of drug) were subjected to the dissolution procedure. The average 
recovery was 99.3 i 2.9%. 


3. In 68 determinations of the dissolution rates of isosorbide 
dinitrate preparations, the average recovery was 105%. The high 
average was primarily due to the fact that no placebos of the com- 
mercial products were available. 


4. Placebo tablets for the 5- and 10-mg. experimental formula- 
tions were subjected to the dissolution procedure; the total ab- 
sorbance, after correcting for the blank, was zero. 


5. Two saturated solutions of isosorbide dinitrate were prepared, 
one involving a 10-fold increase in the amount of trituration used. 
Both solutions had identical absorbances at 220 nm., indicating 
that impurities did not contribute significantly to the absorbance. 


6. A solution of isosorbide dinitrate was prepared and its ab- 
sorbance was read at 220 nm. After 3 days of storage at room tem- 
perature, its absorbance was the same. 


Dissolution Rate Comparison of Different Formulations-By using 
dissolution rate as an in uitro criterion of efficacy, the experimental 
isosorbide dinitrate formulations were compared with commercial 
products (two lot numbers of each) from two manufacturers. In 
the first series of experiments, the column-type apparatus, with a 
I-cm. flow cell in the spectrophotometer, was used to obtain a 
dissolution profile for each product. The solvent was 0.05 % poly- 
sorbate 80, the flow rate was 13.5 ml./min., the 25-mm. dissolution 
chamber was used for oral tablets, and the 13-mm. unit was used 
for sublingual tablets. A continuous tracing of’ dissolution rate 
uersus time was obtained for each tablet simply by converting ab- 
sorbance to dissolution rate (dissolution rate = absorbance X flow 
rate/absorptivity). The curves for 10- and Irng. oral tablets and 5- 
mg. sublingual tablets are given in Figs. 3, 4, and 5, respectively. 
Since these tracings continually monitor dissolution rate, this tech- 
nique yields accurate and useful information about tablet formula- 
tions. 


For example, in Fig. 3 the two experimental formulations (A, 
milled; B, unmilled drug) exhibit similar profiles of a standard 
disintegrating tablet. The peak dissolution rate occurs in about 
3 min. (there is a lag time in the flow system of about 0.6 min.). 
While these two profiles are similar (A and B have the same 
formula), profiles obtained on other individual tablets of A and B 
showed noticeable differences between the two. These discrepancies 
in results are due to individual tablet variation, which the method 
is sensitive enough to detect. Occasional similar profiles for A and 
B are not that surprising, since the isosorbide dinitrate trituration 
is probably made by spraying a solution of the drug on lactose. 
Thus, the effects of milling on the surface area of isosorbide dinitrate 
would not be as great as where the drug is present as solid particles. 


The commercial products have their own distinct profiles. 
Product C is a wear-away formulation and does not disintegrate 
in the classic sense; thus, its dissolution rate rises a t  an even rate 
until it reaches a maximum in about 9 min. Product D, on the other 
hand, is a disintegrating tablet which does not disintegrate very well; 
it reaches a maximum dissolution rate in about 14 min. 


While Product D in Fig. 3 exhibits a relatively poor profile, its 
5-mg. counterpart (Fig. 4) shows excellent dissolution characteris- 
tics, disintegrating almost immediately and reaching its peak rate 
within 2 min. The 5-mg. experimental formulations (A, milled; B, 
unmilled) again have somewhat similar profiles, peaking at about 
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Figure &Continuous UV tracing of dissohtian rute versus time .for 
5-mg. oral tablets. (See Fig. 3 arid text forfurther explunation.) 


5 min. Product C (5 mg.) again exhibits the profile of a wear-away 
tablet and reaches a maximum in 7-8 min. 


This “profile” technique is especially useful in evaluating sub- 
lingual tablets, where dissolution is especially critical. Preliminary 
experimental sublingual formulations of isosorbide dinitrate were 
quickly and easily screened by this procedure, observing the peak 
rate and how quickly it was attained. Each sample was evaluated 
semiquantitatively in less than 10 min. The formulator could vary 
excipient composition and, in a matter of minutes, determine the 
effects of that formula change on dissolution. The sensitivity of the 
profile method allows ready detection of :;mall changes in dissolu- 
tion behavior. 


Figure 5 (sublingual tablets) shows that both the experimental 
formulation (A) and Product D peak within 2 min. (2.4 rng./min. 
for D and 2.0 mg./min. for A), with D peaking somewhat earlier 
but not significantly so. Product C peaks within 2 rnin. with a 
relatively low value of 0.7 mg./min.; another peak (0.4 mg./min.) 
appears as late as 6 min. While none of these in uitro results was 
correlated with in uiuo data (an extremely difficult task with this 
class of drugs), it is evident that sublingual Product C could be 
improved from a dissolution standpoint. 


In the second series of experiments, the conditions were the same 
but the spectrophotometric flow cell was not used. Instead, the 
solution was collected (directly as it flowed out of the chamber using 
a short piece of flexible tubing) in 100-ml. graduated cylinders, each 
receptacle representing the amount of drug dissolved in 5 min. 
(oral tablets) or 30 sec. (sublingual tablets). The absorbance of 
each fraction was read at  220 nm. Thus, instead of collecting dif- 
ferential data (dissolution rate) as before, this set of experiments 
yielded data in the integral form, expressed as amount of drug 
dissolved in a given time period (amount = volume of fraction X 
concentration). Both the profile and the integral analysis could be 
obtained on the same sample by carefully calibrating the lag time 
in the tubing system involving the spectrophotometric flow cell. 


It is obvious that this type of integral data is identical to that 
collected in beaker-type experiments. What may be less obvious 
is the fact that, apart from other advantages, the flow system allows 
more precise measurements of volume arid absorbance. For ex- 
ample, by using the beaker method with a 5-mg. isosorbide dinitrate 


3 6 
MINUTES 


9 


Figure 5-Contiiiuorts UV tracing of dissolirriori rate versus time for 
5-mg. suhliilguul tahlets ( A  is aii experimeirtal ,formulation; C and 
D nre commerciulproducts). See text for explrinatioii. 
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Figure 6-PI01 of amoitiit dissolced versus time for 10-mg. oral 
tablets. (See Fig. 3 and text for explunatiorr.) 


tablet in 300 ml. of solvent, 50% dissolution would result in an ab- 
sorbance reading of 0.084, a relatively inaccurate range. With the 
flow system, however, 50% dissolution in one 67.5-ml. fraction 
(13.5 ml./min. X 5 min.) would give an absorbance of 0.373 and 
lead to more accurate results. This limitation of the beaker method 
necessitated using more than one tablet for those experiments. 


The experience with the sublingual tablets emphasizes another 
advantage of the flow method. In this type of procedure, there is 
no difficulty in collecting fractions as often as every 18 sec. This con- 
trasts with the beaker method, where manual sampling every 18 
sec. would be a hectic, if not impossible, procedure. Furthermore, 
with volumesof 300-1000ml.and relativelymildagitation, itisdoubt- 
ful that solute distribution (i.e., equilibrium) would be rapid enough 


5 


4 


2 
d 
w 3  3 
$ 
'" 


s z  
2 


0 
I- 


0 


1 


0 
0 10 20 


MINUTES 


Figure I-Plot of arnoutri dissolced versus lime .for 5-mg. orul 
tuhlrrs. (See Fig. 3 atid text for explatratiorr.) 
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Figure 8-Plot of amount dissolced versus time .for 5-mg. sub- 
lrrrgual iubfers. (See Fig. 5 ond text jbr ~xplrriiatioir.) 


for such frequent sampling. Without question, Withey (8) showed 
that a 2-min. sampling interval was not enough time to establish 
proper solute distribution using the USP-NF rotating basket under 
his conditions. 


Figures 6, 7, and 8 are linear plots of amount dissolved versus 
time for 10- and 5-mg. oral and 5-mg. sublingual tablets, respec- 
tively. Comparisons of the different formulations are essentially 
the same as those found in the profile studies. The observed dis- 
crepancies (e.g., A and B have similar profiles in Figs. 3 and 4 but 
quite different plots in Figs. 6 and 7) are primarily due to individual 
tablet variation and the fact that profiles represent a single tablet 
while the plots from integrated data are averages of three determina- 
tions. 


Dissolution rate data are often plotted with semilog coordinates 
but were omitted to  conserve space. However, the pertinent calcula- 
tions from such plots (using data presented in Figs. 6 8 )  are shown 
in Table I. The slopes are least-squares lines, and the h0 and 190 


values are calculated from the slope. The tao+ values are estimated 
from the linear plots in Figs. 6-8. Significant differences were calcu- 
lated using standard methods. 


Table I1 presents similar data except that the solvent was 0.1 N 
HCI; the sublingual tablets were not evaluated in this solvent. 
These data indicate no appreciable differences between solvents, 
except that with hydrochloric acid (or without polysorbate 80) 
the dissolution rates of A and D (10 mg.) were noticeably slower, 
with the most pronounced effect on D. Since 0.05% polysorbate 
80 has a surface tension similar to that of gastric fluid, it seems 
advisable to use it in combination with 0.1 N HCI as an artificial 
gastric fluid. 


In the third series of experiments, dissolution was determined in 
0.1 N HCI with the beaker method, using three types of agitation. 
Sublingual tablets were not studied. Table 111 summarizes the data. 
Comparisons among formulations using the different methods are 
expressed as ratios of the semilog slopes (dissolution rates), with the 
slowest rate used as the common denominator. For example, using 
the three-bladed stirrer method, the rate of A (10 mg.) is 3.5 times 
faster than that of D (10 mg.). From the data it is apparent that, 
while the ratios vary considerably from method to method, the 
ranking of the formulations within each method is quite consistent. 


Comparison of Different Methods-The values presented in Table 
I11 (for 0.1 N HC1) were rearranged so that the different methods 
(rather than different formulations) could be compared. These 
results are shown in Table IV. The numbers were derived in the same 
manner as those for Table 111. Again, there was considerable scatter 
of the ratios from one formulation to the next; but within each 
particular formulation, the rank of the methods was quite consistent. 
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Table I-Semilog Slope, tao, tso*, and rso for Dissolution of Isosorbide Dinitrate Tablets in 0.05 % Polysorbate 80 Using the Flow Method 


Significantly Different 
Product Slope, min.-’ r50r min. ha*, min. tso,  min. from 


10-mg. oral 
A -  
B 
C 
D 


-0.0709 
-0.0415 
-0.0382 
-0.0276 


4.2 
7.2 
7.9 


10.9 


5 .8  14.1 B, C, D (0.05) 
12.2 24.1 A 
11.4 26.2 A 
18.6 36.2 A 


5-mg. oral 
A -0.0711 4 .2  5 . 9  14.1 No 
D -0.0708 4 .2  3.9 14.1 No 
B -0.0633 4.7 7 . 2  15.8 No 
C -0.0523 5.7 8 . 9  19.1 No 


D -0,472 0.64 - 
-0.371 0.81 - 


C -0.106 2.8 9 .4  D, A 
A 


5-mg. sublingual 
c (0.01) 
c (0.01) 


2.1 
2.7 


- 


Table 11-Semilog Slope, rso, tso*,  and rno for Dissolution of Isosorbide Dinitrate in 0.1 N HCI Using the Flow Method 


Significantly different 
Product Slope, mh-1  rsO,  min. tso*,  min. rQO, min. from 


10-mg. oral 
A 
B 
C 
D 


D 
A 
C 
B 


5-mg. oral 


-0.0543 
-0.464 
- 0.041 2 
-0.0110 


-0.0854 
-0.0742 
-0.061 1 
-0.0526 


5 . 5  
6 . 5  
7.3 


27.3 


3 .5  
4 . 0  
4 . 9  
5.7 


6.7 
9 .0  


12.6 
28.9 


3 .4  
5 . 2  
9 .2  
6 .4  


18.4 D (0.01) 
21.6 D (0.01) 
24.3 D (0.01) 
90.9 A, B, C 


11.7 
13.5 
16.5 
19.0 


No 
No 
No 
No 


Further comparisons among these methods, including various 
flow rate-chamber size combinations of the flow method, will be 
the subject of a future article. 


Correlation of Dissolution and Disintegration Data-The plot in 
Fig. 9 shows good correlation between disintegration times and 
the tao* ’s  from Table I. Data from Product C, 10 and 5 mg., are not 
included because they are wear-away tablets; sublingual tablets 
were not considered. The correlation between disintegration time 
and rsO’s (calculated from semilog slopes) from Table I is not as 
good. A discussion of t50*  versus t60 appears in the following 
section. 


Validity of Various Methods for Presenting Dissolution Data- 
There are numerous ways of presenting dissolution data (cube root, 
semilog, tao, dissolution time, etc.), and an exhaustive discussion 
of their relative merits is beyond the scope of this paper. However, 
based on these studies, a few comments seem advisable, With the 
flow method, tso‘s (calculated from semilog slopes) correlated very 


Table 111-Comparison of Different Formulations Using Various 
Dissolution Methodsa 


Product FPS FCL RB 3B DT Average 


10-mg. oral 
A 2.6 4.9 3 .8  3 .5  1 .7  3.3 
B 1 . 5  4 . 2  2 .3  3.7 1.4 2.6 
C 1.4 3.7 1 . 5  1 . 4  1.4 1 .9  
D 1.0 1.0 1.0 1 .0  1.0 1.0 


5-mg. oral 
D 1.4 1 . 6  4.1 2.6 2.5 2.4 
A 1 .4  1 . 4  1 . 7  2.7 3.2 2.1 
B 1 . 2  1 . 0  1 .2  2.0 2 . 2  1 .5  
C 1.0 1 . 2  1 . 0  1.0 1.0 1.0 


D 4.5 - 
A 3.5 - 
C 1.0 - 


5-mg. sublingual 
- - - - 
- - - - 
- - - - 


a FPS = flow method with polysorbate 80, FCL = flow method with 
hydrochloric acid, RB = rotating basket, 3B = three-bladed stirrer, and 
DT = USP disintegration basket. 


well with tso* ’s  (estimated from linear plots). The corresponding 
ra;s and tso* ’s did not correlate very well, the tho* values being 
about 1.4 times greater than the equivalent t j o  value; this is primarily 
due to the lag time associated with disintegration. Based upon 
these findings, it seems best to report tS0 and r g 0  values as estimates 
based on linear plots. While tho’s may have more mathematical 
validity (4), the time it takes for 90% of a drug to dissolve has 
considerable practical interest from a therapeutic standpoint. A 
simple and obvious solution IS to make a practice of reporting both 
values. 


15 
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Figure 9-Plot showing correlutiori oj disiniegrutioil rime and tso* .  
(See text for e.uplariatioii .) 
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Table IVXomparison of Different Dissolution Methodso 


Methodb IOA 1OB 1oc 10D‘ 5A 5B 5 c  5D Average 


DT 3 .0  2.9 3 . 3  8 . 7  3 .2  3 .1 1 . 5  2 .2  3.5 
3B 2 .9  3 .6  1 . 5  4 .1  2.0 2.1 1.1 1 .7  2 . 4  
RB 2.8 2 .0  1 . 5  3 .7  1 . 2  1 . 2  1 .o 2.5 2.0 
FCL 1 .o 1 .Q 1 .o 1 .o 1 .O 1 . O  1 .2  1 .o 1 .o 


., 10A = 10 mg. formulation of A, erc. * See footnote to Table 111. 


Comparison of 25- and 13-mm. Dissolution Chambers-Experience 
gained in these studies indicates that the 25-mm. chamber is the 
most useful for routine determinations. It accommodates all tablet 
sizes, it is easier to handle and use, and its filter seldom clogs during 
normal operation. Even at  low flow rates (12-14 ml./min.), homo- 
geneity of the system appears t o  be excellent. The 13-mm. chamber 
is preferred for precise work, especially that involving nondisin- 
tegrating material. It is especially useful in work with sublingual 
tablets. 


Quantitative comparisons between the 13- and 25-mm. chambers 
can be made using Eq. 11 from Langenbucher’s report (4): 


(Eq. 1) T = k(QA)-I.P-0.6 x ( D  P.0 )1.6--1.8 


where T is the dissolution time (minutes), k is a constant, QA is the 
liquid velocity (centimeters per minute), and D p , o  is the initial 
equivalent spherical particle diameter (centimeters). Since the liquid 
velocity equals the flow rate divided by the cross-sectional area of 
the chamber, it can be calculated that, using identical samples, the 
dissolution rates using the 13-rnm. cell should be 1.4-2.3 times faster 
than those using the 25-mm. unit. For the 5- and 10-mg. experi- 
mental forumlations, the ratios of the semilog slopes (13 mm./25 
mm.) are 1.7, 1.8, 2.0, and 2.3-in excellent agreement with the 
“theroretical” 1.4-2.3 range. 


In conclusion, the results of these studies indicate that the modi- 
fied dissolution chamber, consisting of commercially available 


units, is a useful tool in dissolution work. Studies on isosorbide 
dinitrate formulations, including commercial products, indicate 
that some differences in dissolution behavior exist between formula- 
tions, differences that may or may not be significant from an  in viuo 
standpoint. 
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NOTES 


Immunochemical Studies on Linear Antigenic 
Polypeptides with a Known Repeating Sequence of Amino Acids 


BRIAN J. JOHNSON 


Abstract 0 The specificity of antibody to poly(L-tyrosyl-L-glutamyl- 
L-valylglycyl)glycine-I-”C ethyl ester ( I )  was studied using p l y -  
peptides in which the valyl and tyrosyl residues were modified to 
an alanyl residue and either a phenylalanyl or a OMe-tyrosyl 
residue, respectively. All of these modified polypeptides cross- 
reacted with antibodies to I, indicating that they all have a similar 


conformation. It was concluded from the diminution of binding 
abilities of these modified polypeptides that antibodies to I show a 
greater specificity for the VaIYl and phenolic hydroxyl group of the 
tyrosyl residue Of the 


Keyphrases 0 Polypeptides, linear, antigenic-immunochemical 
properties a Antibodies, polypeptide produced-specificity 


antigen. 


The specificity of the antibody formed in response to  
an antigen is dependent on both the antigenic deter- 
minants present in  the antigen and the genetic capacity 
of the animal to differentiate between, and respond to, 
those determinants. Neither the mechanism of specific 


antigen recognition nor the nature of its genetic control 
is well understood. With respect to antibody specificity, 
we have been studying the antigen poly(L-tyrosy1-L- 
glutamyl-~-valylglycyl)glycine-l-~~C ethyl ester (I) (1, 
2). This article reports some cross-reaction and absorp- 
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Mechanism of Dissolution 111: 
Relationship between Solid-Liquid Interfacial Energies and 
Dissolution Rates in Organic Solvents 


PAUL D. KRAUSE* and DANE 0. KILDSIG' 


Abstract 0 The interfacial energies between m-acetotoluide and 
four saturated hydrocarbon solvents, n-hexane, n-heptane, cyclo- 
hexane, and decahydronaphthalene, were determined using the 
Ostwald-Fruendlich equation. Dissolution rates were determined 
in a descending direction to obtain interfacial control. The dissolu- 
tion rates were found to decrease as the interfacial energy increased. 
The dissolution rates were also found to decrease as the saturation 
solubility of m-acetotoluide in the four solvents increased. An inter- 
facial dissolution model, in which the interfacial region is associated 
with the solid phase rather than the liquid phase, is postulated. 


Keyphrases 0 Dissolution rate (m-acetotohide)-relationship to 
solid-liquid interfacial energy in organic solvents m-Acetotoluide 
dissolution-relationship between rate and solid-liquid interfacial 
energy in four organic solvents U Interfacial energy, solid-liquid- 
relationship to dissolution rates of m-acetotoluide in four organic 
solvents 


For some time it  has been recognized that the inter- 
facial energy between a solid and a liquid may represent 
a barrier which must be overcome during the dissolution 
of a solid. A number of investigations were reported in 
which a surfactant was added to  the dissolution media 
and an increased dissolution rate was observed (1-7). 
While a solubilization mechanism may be partly respon- 
sible for the increased dissolution rates observed when 
the concentration of surfactant employed is above the 
CMC (1-4), the solubilization mechanism probably is 
not responsible when concentrations below the CMC 
are used (5-7). The increased dissolution rates observed 
with submicellar concentrations of surfactant are a 
result of a decrease i n  the interfacial energy between the 
solid and the liquid. One consequence of the reduction in 
interfacial energy is improved wetting of the solid by 
the liquid, resulting i n  an increase in  the effective surface 
area and thereby increasing the dissolution rate (1). 


It is also likely that the reduction in interfacial energy 
does, in itself, contribute substantially to  an increase in 
the rate of dissolution. A number of investigations in  the 
past indicated that the solvation rate at the solid-liquid 
interface is the rate-limiting step in the dissolution pro- 
cess (8, 9). Nedich and Kildsig (10) showed that an in- 
terfacial concentration, considerably less than satura- 
tion, can be determined experimentally under controlled 
dissolution conditions, which supports the theory of 
interfacial dissolution control. If, indeed, the dissolution 
of a solid is controlled by an interfacial or dissolution 
step, the dissolution rate of a solid should be directly 
related to the interfacial energy between the solvent and 
the dissolving solid. 


The inability to  calculate accurately solid-liquid in- 
terfacial energies has previously made -any correlation 
impossible between the interfacial energy and the dis- 
solution rate of a solid. However, by using the theory 


and experimental approach described in a previous re- 
port (II) ,  the solid-liquid energies can now be deter- 
mined experimentally. The purpose of this investigation 
was to demonstrate the relationship between the inter- 
facial energy in four solid-liquid hydrocarbon solvent 
systems and the dissolution of the solid in  the four 
hydrocarbon solvents. 


EXPERIMENTAL 


Materials-The solid In-acetotoluide and the four hydrocarbon 
solvents, ti-hexane, n-heptane, cyclohexane, and decahydronaph- 
thalene, were previously described (I I ) .  


Tablet Preparation-Cast, flat-faced tablets of in-acetotoluide 
were made by pouring a small amount of melted m-acetotoluide into 
a 1.11-cm. (0.43-in.) tablet die with polished, flat-faced punch in 
place. X-ray analysis of reground cast m-acetotoluide tablets and 
comparison to the original crystalline m-acetotoluide established 
that the crystalline structure of m-acetotoluide did not change on 
fusion from the melt. X-ray analysis of the cast macetotohide sur- 
face itself, however, indicated the possibility of a more ordered struc- 
ture at  the solid surface as compared to that of the powdered solid. 
This was apparent when the cast in-acetotoluide tablets were cut nor- 
mal to the flat dissolution surface to expose the patterns of crystal 
growth. I t  could be seen that crystal growth from the melt originat- 
ing at the tablet surface occurred along an axis perpendicular to the 
flat dissolution surface such that only one face of the crystal would 
be exposed to the dissolution medium at all times. This surface 
orientation was essentially constant, however, for all the m-aceto- 
toluide tablets cast from the melt, as evidenced by the good re- 
producibility in dissolution rates from tablet to tablet. 


Determination of Dissolution Rates-Glass tubes, 45 cm. long 
with a 1.65-cm. i.d., were flat sealed on one end and employed as 
dissolution chambers. A stainless steel tablet holder was constructed 
to fit easily into the dissolution chamber. Cast tablets were secured 
in the holder by wrapping the tablet edge in 1.5-mil thick Teflon 
film. Tablets were pushed into the holder until only the flat face was 
exposed. Eighty-five milliliters of solvent was placed in the dissolu- 
tion chambers and allowed to equilibrate for 8 hr. a t  30 + 0.01 in 
the temperature control chamber previously described (10). The 
dissolution chambers were held in perfect vertical position using a 
suitable supporting device. A dissolution run was begun by gently 
immersing the tablet surface just below the solvent surface. Dis- 
solution was timed for 3 rnin. and was then stopped by removing 
the tablet holder from the chamber; the entire dissolution chamber 
contents were analyzed spectrophotometrically at  242 nm. Five 
repetitive 3-min. dissolution determinations were performed in 
each solvent using the same tablet and fresh solvent. Dissolution 
rates were calculated as the amount of m-acetotoluide dissolved 
per minute during the first 3 min. of dissolution. The average values 
for the five dissolution determinations are shown in Table I .  


Determination of Interfacial Tension-The interfacial energies be- 
tween macetotoluide and the four hydrocarbon solvents were cal- 
culated from the Ostwald-Fruendlich equation relating particle size 
to solubility (12). The solubility of the micronized and nonrni- 
cronized m-acetotoluide was determined in the four hydrocarbon sol- 
vents at  30 =t 0.01 ". The radius of the smallest particle in equilibrium 
with the saturated solution was calculated to be 141 A (11). By using 
the solubility and particle-size data, the m-acetotoluide-solvent 
interfacial energies can be calculated from the Ostwald-Fruendlich 
equation. 
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Table I-Dissolution Rate of rn-Acetotoluide in Four 
Hydrocarbon Solvents 


Table II-Solid-Liquid Interfacial Energies for Four 
rn-Acetotoluide-Hydrocarbon Systems 


Solvent 
Dissolution Rate, g. 


min.-1 x lo8 


iz-Hexane 
n-Heptane 
Cyclohexane 
Decahydronaphthalene 


55.5 * 3.4 
44.5 4~ 1 . 8  
39.5 =k 0 . 4  
25.6 =t 4 . 1  


Table 11-Hydrocarbon Surface Tensions a t  30' 


-Surface Tension, erg 
Wilhelmy Plate 


Liquid Ring Method Method 


fz-Hexane 17.9 =t 0.0 17.7 f 0.0 
17-Heptane 19.5 f 0 . 1  19.2 =t 0.1 
Cyclohexane 23.7 f 0 . 1  23.5 I!= 0.0 
Decah ydronaphthalene 29.4 i 0.1 30.0 + 0.1 


Determination of Liquid Surface Tensions-A ring method was 
employed for surface tension determinations utilizing a surface 
tensiometei l .  Correction factors were calculated following the 
procedure in the manufacturer's instruction manual. Density de- 
terminations necessary for the correction factor calculation were 
determined using a 25.0-ml. (20") pycnometer. The volume of the 
pycnometer at  30 f 0.01 ' was calculated using the density of water 
at that temperature, 0.99800 g./ml. ( I  3). The liquid surface tensions 
were also determined by the Wilhelmy slide method using an elec- 
trobalancez. Excellent agreement was obtained with the two methods 
(Table TI). All determinations were made at  30 f 0.01 '. 


RESULTS AND DISCUSSION 


The overall mechanism for dissolution is complex and can be 
considered to be comprised of two processes: solvation of the solute 
molecules at the solid-liquid interface and transport of solvated 
solute molecules away from the interface. When the transport step 
is fast with respect t a  the solvation step, dissolution is interfacially 
controlled. It was previously shown that interfacial control of the 
dissolution process can be obtained when dissolution occurs in a 
descending direction ( 1  0). When the dissolution is interfacially 
controlled, there should be a relationship between the dissolution 
rate and some property of the solid surface or interface. As new 
surface is continually formed during dissolution, and since the 
interfacial energy represents the work required t o  form a new sur- 
face, it would be expected that the dissolution rate should be re- 
lated to the solid-liquid interfacial energy. Theoretically the dis- 
solution rate should increase as the interfacial energy, or the work 
required to form a new surface, decreases. Previously, the inability 
to determine accurately the solid-liquid interfacial energy prevented 
verification of this theoretical postulation. 


The relationship between solubility and particle size, involving 
the solid-liquid interfacial energy, has been known for some time 
(12): 


where S, is the solubility of particles having radius rlr S, is the 
solubility of particles having an infinitely large radius compared to  
r,, is the molar volume of the solid, YSL is the interfacial energy, 
R is the gas constant. and Tis the absolute temperature. By utilizing 
the recent experimental determination of rl for m-acetotoluide 
(141 A) in several hydrocarbon solvents ( l l ) ,  it is now possible to  
determine experimental values for the interfacial energy between 
rn-acetotoluide and the selected organic solvents (Table 111). 


The relationship between the dissolution rate of m-acetotoluide, 
in four hydrocarbon solvents, and the calculated solid-liquid in- 
terfacial energies are shown in Fig. 1. As predicted theoretically, 


Modcl 20, Fisher Scientific, Pittsburgh, Pa. 
Model RG, Cahn Instrument Co., Paramount, Calif. 


~~ ~ 


Interfacial Energy, 
Solvent erg cm.-2 


n-Hexane 3 .9  
if-Heptane 7 .6  
Cyclohexane 10.1 
Decah ydronaphthalene 12.4 


the dissolution rate does decrease with increasing interfacial energy. 
This appears to be an extremely significant relationship. The fact 
that there is a logical relationship between a characteristic of the 
interface (interfacial energy) and the dissolution rate is, in itself, 
vigorous support for the assumption that the descending dissolu- 
tion rates are interfacially controlled. 


Dissolution usually has been considered to be a diffusion-con- 
trolled process; as a result the rate of dissolution has been related 
to the saturation concentration of the solid in solution. The familiar 
Nernst (14) and Brunner ( I  5 )  dissolution theory predicts increasing 
dissolution rates with increasing solubility for systems with nearly 
the same diffusion coefficients and theoretical diffusion layers. 
It has been demonstrated that diffusion control of rn-acetotoluide 
dissolution can be obtained when dissolution occurs in an as- 
cending direction (10). Under such experimental conditions, dif- 
fusion is the only mass transfer mechanism possible. However, when 
dissolution is controlled by an interfacial mechanism involving 
the solid-liquid interfacial energy rather than diffusion, it is not 
necessary or logical t o  expect the Nernst-Brunner dissolution 
rate-solubility relationship to exist, and indeed it does not. Figure 
2 shows the relationship between dissolution rate and solubility 
for m-acetotoluide in the four hydrocarbon solvents, with the best- 
fitting straight line through the points showing a decrease in dis- 
solution rate with increasing solubility. A difference of more than 
twofold exists between the dissolution rate in hexane and that in 
decahydronaphthalene. A dissolution mechanism that postulates 
saturation at  the interface assumes that the interfacial dissolution 
mechanism must be fast to maintain this saturation layer and the 
interaction at  the solid-liquid interface is not the rate-limiting step 
in the dissolution process. Consequently. dissolution is then con- 
trolled by a mass transport mechanism. According to  this type of 
mechanism, equivalent to the Nernst-Brunner theory, Fig. 2 
should show an increase in the dissolution rate with increasing 
solubility. However, the decreasing slope in Fig. 2 again provides 
excellent experimental verification that the descending dissolution 
is interfacially controlled. 


The existence of a relationship between the solid-liquid inter- 
facial energy and the dissolution rate of a solid implies a more 
fundamental relationship between the solid and the liquid than is 
suggested by the theory of a rapid equilibrium at this interface. 
Even in the interfacial barrier model (16, 17), solid-solution equi- 
librium is assumed to exist and the dissolution barrier is with respect 
to the mass transfer mechanism. It is difficult t o  interpret the data 
from this investigation in terms of the presently available models. 
Therefore, an attempt was made to develop a qualitative model 


2 4 6 8 1 0 1 2  
yLs. erg cm. - 2  


Figure I-Relatiousliip betweeti interfacially coiirrolled dissolutiorz 
rate of' m-acetotoliride mid solid-liquid iriterfacial energies in lzydro- 
carbon solcetits. The soliwits uscd were ii-/ie.-tciiic, n-liepfane, cyclo- 
hexane, aizd clecaliydrorznplitllcrlene in ordcr of' increasing YLS. 
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Figure 2-Plot ofdissolution rail? of m-acetotolrride versus solubility 
in hydrocarbon solvents. The soloents used were n-hexane, n-heptane, 
cyclohexane, and decahydrot~aplitlialetie in order of increasing 
solubility. 


based on the existence of a relationship between the interfacial 
energy and the dissolution rate ofthe solid. In developing the model, 
the assumption was made that the interfacial region is more closely 
associated with the solid phase than with the liquid phase. The 
justification of this assumption is: 


1. The interfacial energy-dissolution rate relationship indicates 
that a property of the solid surface is involved in the dissolution 
mechanism. 


2. In contrast to the liquid, the solid undergoes a phase change 
during which the intermolecular forces of the solid crystal are re- 
placed by solid-liquid and, finally, solvent-solute interactions. 


The end result of dissolution is that molecules become com- 
pletely solvated. Solid molecules in the interface, however, are 
initially exposed to solvent molecules only on one side. All other 
sides are bounded by other solid molecules. As the solvent makes 
contact with solid, solvent molecules begin to penetrate the solid 
material by a diffusion process. The solvent begins to solvate par- 
tially molecules which are a t  the solid surface and also a few molec- 
ular diameters removed from the solid surface. The solvent penetra- 
tion process proceeds until a final equilibrium between penetration 
of solvent into the solid and solid solvation is achieved. At this 
point the solid surface contains solute molecules of varying degrees of 
solvation and actually constitutes the solid-liquid interface. The 
juxtapositioning of solvent molecules between and among solid 
molecules decreases the intermolecular attractions among the solid 
molecules, thereby decreasing the work necessary to form new sur- 
face frrm this interface. 


A hypothetical diagram of such an interface is shown in Fig. 3. 
A linear diffusion gradient for the solvent is shown; it may, how- 
ever, be dependent on solvent concentration in the solid. Inherent 
in this model is a barrier t o  dissolution which is asscciated with the 
solvation mechanism as required by the interfacial energy-dissolu- 
tion rate relationship apparent xn this investigation. Quantitative 
justification of such a model is olwiously lacking. It is anticipated, 
however, that a more quantitative physical and mathematical model 
of the interfacial region will be developed in the near future. 


SOLID i INTERFPCIAL REGION LIQUID 
I 


DISTANCE FROM A REFERENCE POINT IN THE SOL10 


Figure 3-Proposed diagram of liquid-solid interfacial region show- 
ing the interfacial region associated with the solid surface. 
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Development of a System for Studying Subcutaneous Absorption 
Kinetics of Local Anesthetic Amines 


RENE H. LEVY*. and MALCOLM ROWLANDt 


Abstract 0 In the search for optimum conditions (pH 7.40, isotonic 
solution) for the study of subcutaneous absorption of local anes- 
thetics using the system of Ballard and Menczel, unexpectedly wide 
pH variations (6.26-8.40) were consistently observed. All isotonic 
buffer systems examined failed to maintain a constant pH in the 
absorption cell for the desired duration (5-7 hr.). It was demon- 
strated that subcutaneous tissue liberates and absorbs ions (Na+, 
K+, C1-, and HCOB-), apparently in an attempt to produce an ionic 
composition in the solution similar to that of interstitial extra- 
cellular fluid. Additional experiments indicate that the high pH 
(above 7.40) results from the loss of carbon dioxide from the cell 
and that the liberation of bicarbonate ion by the tissue is time de- 
pendent. Constancy of pH was achieved using a slightly hypertonic 
tromethamine buffer (pH 7.95 f 0.05, buffer capacity = 0.225). 


Keyphrases 0 Absorption, subcutaneous-local anesthetic amines, 
pH control in the absorption cell 0 Subcutaneous absorption- 
local anesthetic amines, pH control in the absorption cell 0 Anes- 
thetic amines, local--in oitro subcutaneous absorption, pH control 


As pointed out by several authors (1-3), very little 
is known about the factors affecting drug absorption 
from parenteral sites of administration. An understand- 
ing of these factors is especially important with local 
anesthetics, since they are injected at  more parenteral 
sites than any other class of drugs. Also, whereas most 
drugs, independent of the route of administration, reach 
their target organs uiu the bloodstream, local anes- 
thetics are delivered directly to the neural structure 
to which their action is confined. Therefore, tissue pen- 
etration becomes an important parameter influencing 
speed of onset, depth and duration of anesthesia, tissue 
irritation, and systemic toxicity. Although its importance 
is recognized (4, 5) ,  no general method exists that allows 
quantitation of penetration. The major obstacle to 
such studies has been a suitable in uiuo system. 


In the present studies, absorption through subcuta- 
neous connective tissue was selected since it directly 
pertains to local anesthetics used in infiltration and in- 
directly to those employed in various types of nerve 
block (connective tissue is thought to be the main 
diffusion barrier in the peripheral nerve). 


The absorption kinetics of a drug from subcutaneous 
tissue can be studied by following either the appearance 
of the drug in blood or the disappearance from the 
site or both. These approaches are not equivalent. The 
first, used by several groups (6-9) to examine the in- 
fluence of substances like hyaluronidase and histamine 
on the absorption rate of drugs (when the substances 
and drug are administered in the same solution), is 
complicated by drug disposition. Even though altera- 
tions in the initial rise result mainly from changes in 
absorption, careful interpretation is necessary, es- 
pecially if quantitative data are desired. The difficulty 
in obtaining quantitative information has led others to 


use the second approach and to study the disappear- 
ance of drug from the site of administration, a procedure 
that more readily allows accurate kinetic treatment. 
Thus, Sund and Schou (10) developed an experimental 
method of measuring absorption rates from rat muscle; 
this method was used recently by Kakemi et ul. (1 1). 
This approach involves ligation and removal of the 
muscle (extensor quadriceps femoris) at  the end of the 
absorption period, followed by analysis of the re- 
maining drug. Although this method presents several 
advantages, it is seriously limited by an inability to 
define and control the area for absorption. Without this 
control, it is difficult to examine quantitatively the 
subcutaneous absorption kinetics of drugs since the 
absorption rate is directly proportional to the area 
available for absorption. 


To overcome the surface area problem, Ballard and 
Menczel (12) developed a system where the area of 
tissue exposed to the drug solution is maintained con- 
stant. However, these authors worked with benzyl 
alcohol, a neutral molecule which, unlike most drugs 
that are acids or bases, is not subject to the expected 
pH-partition effect (1  3). Accordingly, while the method 
of Ballard and Menczel was selected for the present 
investigation with local anesthetic amines, several 
preliminary studies were undertaken to control the 
pH in the absorption cell. These studies, which revealed 
an unexpected behavior of the subcutaneous tissue, 
constitute the subject of this report. 


EXPERIMENTAL 


Solutions-The following solutions were used: 


1. Isotonic sodium chloride (0 .9z )  
2. Isotonic dextrose (5 z) 
3. Isotonic sodium phosphate buffers: 


pH 7.420 monosodium phosphate 0.306 g./lOO ml. 
disodium phosphate 1.470 g./lOO ml. 


pH 7.560 monosodium phosphate 0.252 g./100 ml. 
disodium phosphate 1.522 g./lOO ml. 


pH 5.37 monosodium succinate 0.757 g./100 ml. 
disodium succinate 1.275 g./100 ml. 


5. Tromethamine [tris(hydroxymethyl)aminomethane] buffer : 


4. Isotonic sodium succinate buffer: 


pH 7.950 tromethamine 5.955 g. 
dilute hydrochloric acid 2.85 ml. 


sodium chloride 0.2015 g. 
distilled water 


Methods-All pH measurements were made on the expanded 
scale of a pH meter', standardized with National Bureau of Stan- 
dards certified buffers. Usually, the original and solution exposed 
to subcutaneous tissue were read together. 


(1073 


q.s. to 100 ml. 


Beckman Expandomatic. 


Vol. 61, No. 8, August 1972 0 1263 







Table I-pH Studies with Isotonic Saline and Dextrose Solutions 


p- pH--- Exposure 
Beginning End of Time, 


Animal Solution of Exposure Exposure mm. 


1 Saline 6.265 8.400 150 
20 Dextrose 6.480 7.990 90 


8.092 180 
8.630 300 


3ab Saline 5.70 7.48 63 
3bb Saline 5.70 7.62 63 
3cb Saline 5.78 7.79 64 _. _ _  ~~~- 
3db Saline 
4ab Saline 


5.70 7.70 63 
6.010 7.990 125 


4bb Saline 5.990 7.890 121 


= In this animal, the exposure time is cumulative; i.e., the same solu- 
tion was removed from the cell at the indicated times and the pH was 
measured. b In these experiments, a fresh saline solution was utilized for 
each exposure time. 


Surgical Techniques-Sprague-Dawley female rats (350-400 g.) 
were used, one rat per experiment. Anesthesia was induced with 
ethyl ether and maintained with ethyl carbamate injected intra- 
peritoneally (1 mg./g. body weight followed by 0.5 mg./g. 2 hr. 
later). After incision of the abdominal skin, a circular area (3-cm. 
diameter) of subcutaneous tissue was exposed and the subcutaneous 
absorption cell (2.1 cm. high and 1.8 cm. diameter) was fixed to the 
moist tissue with a silicone adhesive. After a few minutes, 1.8 ml. 
(Animals 1-8 and 24-28), 2.0 ml. (Animals 9-13 and 15-22), or 2.5 
ml. (Animals 14 and 23) solutions were introduced and the timer 
was started. The solution was agitated by a vibrating stirrer, with 
four threads of polyethylene 50 attached to the end. 


RESULTS AND DISCUSSION 


pH Variations in Subcutaneous Cell-The main objective of this 
study was to establish a system that could be used to examine the 
kinetics of penetration of a series of meta-substituted 2-diethyl- 
aminoacetanilides. These local anesthetics are weak amines (pKa 
8.0 f 0.05 at 24") and should be subject to pH-partition effects. 
Therefore, a system had to be developed in which a constant pH is 
maintained throughout the experiment. 


Initially, pH variations were noted in the subcutaneous absorp- 
tion cell containing unbuffered solutions. The results with isotonic 
sodium chloride and dextrose solutions are presented in Table I. 
As expected, the pH of the saline solution changed over 2.5 hr. 
(Animal 1). However, the final pH (8.40) was much higher than 
expected on the basis of physiological pH values of blood and 
other body fluids. Similar behavior was observed in Animals 2, 3, 
and 4. Since the absorption rates of the drugs under study were 
unknown in the early stages, this pH phenomenon was investigated 
further over longer periods. In Animal 2, the same isotonic dex- 
trose solution was removed from the cell at different times and the 
pH was measured. The kinetics of this pH effect appear to be quite 
complex. The pH change is rapid over the 1st hr. and then slows. 
To test whether the tissue's ability to raise the pH is impaired after 
the 1st hr., a saline solution was left in contact with the sub- 
cutaneous tissue for four equal periods of approximately 1 hr. 
(63 =t 1 min.); at the end of each period, the solution was replaced 


Table 11-pH Studies with Isotonic Phosphate and Succinate Buffers 


Animal Solution 


5 Phosphate 
6 Phosphate 
7a Succinate 


8ab Phosphate 
8b Phosphate 
9 Phosphate 


-- pH--- 
Beginning End of 


of Exposure Exposure 


7.422 7.573 
7.440 7.628 
5.371 5.605 


6.015 
7.760 


7.560 7.600 
7.560 7.610 
7.560 7.930 


~ 


Exposure 
Time, 
min. 


120 
123 
60 


150 
300 
105 
105 
3 60 


0 Same type of experiment as for Animal 2. * Same type of experiment 
as for Animal 3 or 4. 
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Figure 1-Titration of 1.8 ml. of isotonic .suline afrer a 75-mii~ ex- 
posure to subcutaneous tissue (Animal I I, p Ka 6.5 I ). 


by fresh saline. The data (Table I, Animals 3 and 4) show that the 
tissue was able to produce comparable pH increments repetitively 
over a sustained period. 


Attempts with isotonic buffers to override the pH rise and main- 
tain the pH constant failed. A buffer was considered acceptable if 
the pH increment, after a 5-hr. exposure, was not larger than 0.1 
pH unit. Table I1 shows the results of those studies. An isotonic 
phosphate buffer (pH 7.440) was considered unsatisfactory because 
the pH increment was already 0.19 pH unit after 2 hr. (Animal 6). 
Evidently, an isotonic succinate buffer (pH 5.37) is inadequate even 
for 1 hr. Several experiments of the type exemplified by Animals 
8 and 9 show that by using a slightly alkaline isotonic phosphate 
buffer (pH 7.56), it is feasible to maintain a constant pH for 1-2 
hr. This would be useful for drugs that are essentially absorbed 
within this period, but unfortunately this proved not to be the case 
for the local anesthetics under study. Instead of empirically trying 
several other isotonic buffer systems, the cause of the pH rise was 
investigated further. 


Cause of pH Rise-When 2 ml. of Isotonic saline was exposed to 
the subcutaneous tissue (Animal 10) for 77 min. and then titrated 
with 0.001 N HCI, approximately 100 times more acid (7.3 + M )  was 
needed to bring the pH from 8.306 to 5.200 than was calculated for 
an unbuffered solution (0.06 b M ) .  These data suggest that a buffer 
system is formed in the absorption cell. 


In Animal 11, three titrations were performed with 0.1 N HCI on 
solutions after 75-, 38-, and 18-min. exposures. The data, treated 
according to the method of Leeson and Brown (14) (except that 
Z'/aa+ was calculated instead of Z'[H+]) and plotted as 2' uersus 
Z'/UE+, gave pKa values of 6.51, 6.41, and 6.26 (Fig. 1). This would 
seem to indicate that the solution contains significant amounts of a 
weak acid, possibly as a salt with a strong base. It is also possible 
that more than one chemical species is present. 


In a further experiment (Animal 12), 2 ml. of normal saline, after 
1-hr. exposure to subcutaneous tissue. was titrated with 0.1 NNaOH 
and revealed the presence of significant amounts of a species with a 
pKa of 9.90. A similar solution from the same animal was titrated 
in both directions, first with 0.1 N NaOH up to pH 10.920 and then 
with 0.1 N HCI down to pH 4.280. These titrations yielded pKa's 
of 6.25 and 10.19, respectively. 


Although theoretically several ways of explaining these results 
exist, one possibility, liberation of bicarbonate ion from the sub- 
cutaneous tissue, appeared most reasonable. Several facts favor this 
hypothesis. 


1. Carbonic acid is a dibasic acid whose dissociation constants 
[pK1 = 6.37, pKn = 10.33 (15)] agree with those obtained in Animal 
12, taking into account that the latter are apparent (hybrid) pKa's 
measured at very high ionic concentrations. 


2. The alkalinity of the saline solutions is probably due to  bi- 
carbonate rather than to carbonate since equivalent amounts of 
sodium hydroxide and hydrochloric acid were required for com- 
plete neutralization. 


3. The hydrogen-ion concentration of a solution of an acid salt 
such as sodium bicarbonate is given by [H+] = (KLK~C/KI + 0, 
where C is the salt concentration and Kl and KZ have their usual 
meaning. When Kl < O.OlC, this equation reduces to [H+] = KiKa 







Table ItI-pH Changes of Isotonic Saline when Exposed 
to Subcutaneous Tissue (Animal 13) 


Table V-Rate of Bicarbonate Liberation under In Vivo 
and Postmortem Conditions (Animal 15) 


Exposure 
Time, hr. 0 3 4 5 6 7 


Period Exposure 
Number Time, min. HC03-, meq. Conditions 


~ 


PH 5.750 8.195 8 .160  8.248 8.190 8.250 


which, converted into pH notation, yields: 


1 1 
2 PH = - ~ K I  + j pKn (Eq. 1 )  


Hence, at sufficiently high concentrations, the pH of the solution 
is concentration independent. For sodium bicarbonate, this pH is 
approximately 8.35 and exists at concentrations of 4 X low6 M and 
above. This predicted pH agrees with the results obtained in 
Animals 1 and 2 (Table I). An additional experiment (Animal 13) 
in which 2 ml. of saline was introduced in the cell and the pH was 
measured at different times demonstrated that this maximal pH 
(Table 111) is reached within 3 hr. and maintained thereafter. 
Furthermore, titration of the solution at  the end of the experiment 
demonstrated that the condition G < 0.01C did apply. Thus, 2 ml. 
of solution required 0.340 ml. of 0.1 N NaOH (Le., equivalent to 
1.7 X M bicarbonate) for complete neutralization. 


4. Direct measurements confirmed the presence of bicarbonate 
(Animal 14). Isotonic dextrose solution (2.5 ml.) was exposed to the 
subcutaneous tissue for 3 hr. Of the 2.4 ml. recovered, 1.1 ml. was 
titrated with 0.1 N HCI and Na+, K+, Cl-, and HCOa- were deter- 
mined in the remainder. The titrant (0.100 ml. of 0.10 N HCl) re- 
quired for complete neutralization agreed closely with the ionic 
determination (10 meq.) of HC03-. The other ions were present in 
the following concentrations: Na+ = 48 meq./l., K+ = 1.5 meq./l., 
and C1- = 37 meq./l. Not only is the expected neutrality ensured, 
but the relative concentrations of these ions are very similar to 
those of interstitial extracellular fluid (16) (Table IV). 


To gain further insight into the phenomenon, 2 ml. of saline 
solution was exposed to the subcutaneous tissue for four consecutive 
1-hr. periods (Animal 15, Table V). At the end of each hour, the 
saline solution was titrated and replaced by fresh solution. After 
the fourth period, the animal was sacrificed (by injection of air into 
the heart) and the whole experiment was repeated in the dead ani- 
mal. Under in viuo conditions, bicarbonate was liberated at a rela- 
tively constant rate of approximately 0.0044 meq./hr. After death, 
the ability to liberate bicarbonate seems to be impaired, with the 
rate of appearance of bicarbonate decreasing with time after death. 
This finding agrees with the observation that the pH of an isotonic 
succinate buffer (pH 5.371) remained constant (pH 5.425) after a 
4-hr. exposure in a dead animal, whereas the same buffer gave pH 
readings of 5.605, 6.015, and 7.760 after I - ,  2 5 ,  and 5-hr. expo- 
sures, respectively, under previous in oivo conditions (Animal 16). 
This unique behavior of the dead animal opened the possibility of 
studying the effect of pH on the kinetics of subcutaneous absorption, 
and such studies will be presented in a later report. 


Mechanism for Liberation of Bicarbonate-As was noted, the 
ionic compositions of the exposed dextrose solution and interstitial 
extracellular fluid are strikingly similar (Table IV). This is quite 


Table IV-Relative Ionic Composition of an Isotonic Dextrose 
Solution Exposed to Subcutaneous Tissue and of Interstitial 
Extracellular Fluid (1.E.C.F). 


Isotonic Isotonic 
Dextrose, I.E.C.F.a, Dextroseb 


Ion meq./l. meq./l. I.E.C.F. 


K +  
37 
10 


115:;  0 .32  
29 .3  0 .34  


0 From Reference 16. * Although these results were obtained from 
only one experiment (Animal 14), the data for Animals 21 and 23 
(Table VI) show that the relative ionic composition of the corresponding 
dextrose solutions is also very similar to that of the interstitial extra- 
cellular fluid. 


1 60 
2 60 
3 60 
4 60 
5 60 
6 60 
7 60 
8 60 


0.0047 
0.0041 
0.0041 
0.0046 
0.0045 
0.0021 
0.0015 
0.0010 


In oivo 
In uivo 
In oivo 
In oioo 
Postmortem 
Postmortem 
Postmortem 
Postmortem 


interesting if one recalls that extracellular fluid is made up of plasma, 
interstitial and lymph fluid, connective tissue and cartilage, bone, 
and transcellular fluids. Interstitial fluid is interposed between the 
rapidly circulating plasma and the cells. It flows slowly through 
tissue interstices and bathes the cells, but it is in rapid equilibrium 
with the blood plasma through an incessant transcapillary inter- 
change of water, electrolytes, and dissolved substances. The possi- 
bility that this observation (Table IV) results from a simple dilu- 
tion effect with interstitial extracellular fluid can be easily dis- 
counted since 1.25 ml. of interstitial extracellular fluid is required 
to yield the observed ionic concentration, but no significant volume 
change in the subcutaneous cell was found. However, mixing of the 
subcutaneous cell contents with interstitial extracellular fluid with 
continual lymphatic drainage cannot be discounted. 


Additional experiments were conducted in an attempt to elucidate 
this ionic phenomenon (Table VI). After 3 hr. of contact with an 
isotonic potassium chloride solution. the cell gained 34 meq. NaC 
and 8 meq. HC03- and lost 36 meq. K+ and 13 meq. C1- (Animal 
17). In a duplicate experiment, the tissue exhibited the same be- 
havior (Animal 18). It also follows that maximal changes should 
be observed with a potassium bicarbonate solution, since its ionic 
composition is furthest from that of interstitial extracellular fluid. 
This was indeed noticed (Animals 19 and 20). Thus, within 5 hr. 
the subcutaneous cell gained 55 meq. Na+ and 45 meq. CI- and lost 
54 meq. K+ and 55 meq. HC0,- (Animal 20). In an additional ex- 
periment, after 5 hr. of contact with an isotonic dextrose solution, 
the tissue liberated the four ions in concentrations approximately 
half of that of interstitial extracellular fluid. During the same time, 
the glucose concentration dropped to 2 . 9 2 2  (Animal 21). The pre- 
ceding experiments with isotonic dextrose, potassium chloride, and 
potassium bicarbonate support the hypothesis that the ionic com- 
position within the subcutaneous cell changes toward that of 
interstitial extracellular fluid. If the subcutaneous tissue transports 
ions for the sole purpose of establishing and/or maintaining in its 
environment the ionic composition of interstitial extracellular fluid, 
then one would expect no net change of ions in a solution with an 
interstitial extracellular fluid composition. Essentially no change in 
the composition of 2 ml. of Krebs-Henseleit (17) buffer after 5 hr. of 


SOLUTION IN 


co,. + n20 = nco; +on- 


,C%=H+HCOi + n20=nzco3+on- 


SUBCUTANEOUS TISSUE 


Figure 2-Diagram clrpicting some of the ionic eraits occurring i i i  


the subcutaneous absorption cell. 
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Table VI-Ionic Composition in the Absorption Cell before and after Exposure to Subcutaneous Tissue 


-Initial Compositiona, meq./l.--. Dextrose, Exposure --- Final Composition", meq./l.- Dextrose, 
Animal Na+ K+ CI- HC03- g. Time, min. NaC K+ Cl- HCOa- g. 


- 
- 2 145 157 0 - 180 36 109 144 8 


18 3 146 160 0 - 90 53 110 151 in 
17 


._. _. - ._ 
i9  2 149 0 142 - 300 52 100 41 132 - 
20 2 148 0 155 - 300 57 94 45 100 - 
21 2 0 
22 165 7 . 5  125 33 


5 0 5 305 72 2 . 6  59 15 2 .92  - - 300 165 6 . 5  120 31 - 23 0 0 0 0 5 120 52 3 . 5  42 8 
~~ 


Q The determination of the concentration of ions was performed by the clinical laboratory (Moffit Hospital, San Francisco, Calif.), with a 
precision probably no better than 5 %. This explains why in some cases the anionic and cationic concentrations are not equivalent. 


exposure supports this contention (Animal 22). To eliminate the 
possibility that the observed ion phenomena are due to experimental 
artifacts such as irritation of the tissue caused by the glass sub- 
cutaneous cell or the silicone adhesive, an isotonic dextrose solution 
was exposed to the subcutaneous tissue without the use of a glass 
cell (Animal 23). The skin was excised over a 3-cm. length and 
carefully separated from the adjacent subcutaneous tissue. By 
clamping the edges of the skin upward, a natural containment for 
the solution was formed. After a 2-lir. exposure, 52 meq. Na+, 3.5 
meq. K+, 42 meq. C1-, and 8 meq. HC03- were liberated. These 
experiments demonstrate that the subcutaneous tissue liberates and 
absorbs ions so that the ionic composition of the adjacent solution 
becomes similar to that of interstitial extracellular fluid and the 
liberation of bicarbonate is not an isolated process but is part of this 
general phenomenon. 


There is still another chemical species, carbonic acid (HzCOa or 
C02H20), which plays an important role in the observed pH of the 
subcutaneous cell (Eqs. 2-5). Plasma and interstitial extracellular 
fluid contain bicarbonate and carbonic acid in a ratio (20: 1) com- 
patible with pH 7.40. From all of the previous ionic experiments, the 
pH measurements in the cell, and especially the similar ionic com- 
positions of interstitial extracellular fluid and the solution in the 
cell, the pH of the subcutaneous cell should be around 7.40. In- 
stead, one generally observes a pH of 8.30, probably because 
liberated carbon dioxide is lost from solution to air, down its 
concentration gradient. As carbon dioxide disappears from solution, 
the net reaction (Eq. 4), the rate of which is affected if carbonic an- 
hydrase is present, shifts to the right and the solution becomes more 
alkaline due to the hydrolysis of carbonate (Eq. 5). The pH of the 
solution is then given by Eq. 1 (Fig. 2): 


HCOa- = H+ + COa-' (Eq. 2) 


(Eq. 3) HCOa- + H20 = HzCOs + OH- 


2HCO3- = HzC03 + c03-' = 
Hz0 + COz + c03-' (Eq. 4) 


COa-' + H20 = HCOa- + OH- (Eq. 5) 


To test this hypothesis, in Animal 17 the potassium chloride solu- 
tion was covered with mineral oil to prevent contact with air. The 
pH after 3 hr. was 7.490, in good agreement with the expected 
7.40, taking into account that in transfer of the solution (for the pH 
reading) there is an appreciable loss of carbon dioxide. The bi- 
carbonate content in the cell was not significantly affected by pre- 
venting contact with air (Table VI). This is consistent with Eq. 3, 
which shows that a significant pH increase (7.4 to 8.4) corresponds 
to a relatively minor change in bicarbonate content. In other words, 


Table VII-pH Studies with a Slightly Hypertonic 
Tromethamine Buffer 


I- PH- - 
Beginning of End of Exposure 


Animal Exposure Exposure Time, min. 


24 7.960 7.965 150 
25 7.991 7.995 216 
26 7.975 8.040 300 
27 7.915 7.905 300 
28 7.985 7.950 360 


within the pH range considered, the hydrogen-ion concentration is 
a very sensitive index of changes in bicarbonate content. 


Previous experiments showed that even after several hours the 
ionic concentration in the cell is only a fraction of the interstitial 
extracellular fluid. The ions are liberated by the tissue cells, but the 
primary reservoir is plasma which delivers ions to the cells through 
the surrounding perivascular fluid (interstitial extracellular fluid). 
There are several possible rate-limiting steps in the observed rate of 
transport (blood flow to the tissue and movement of interstitial 
extracellular fluid to the subcutaneous absorption cell), but it is not 
possible with the data obtained in the present investigation to decide 
which is the rate-limiting process. 


The usefulness and applicability of the subcutaneous model used 
in the present studies might be appreciably enhanced if absorption 
of local anesthetics can be studied under physiological conditions 
(pH 7.30-7.40, isotonic solution). This investigation shows that 
this will be possible only for drugs that are essentially absorbed in 
1-2 hr. around physiological pH. However, for most of the local 
anesthetics under study, preliminary experiments showed absorp- 
tion to be relatively slow; it was estimated that a constant pH would 
be required for at least 5 hr. Consequently, the only recourse was 
to strike a balance between the tonicity and pH (physiological con- 
ditions) requirements on one hand and the needed buffer capacity 
and limited drug solubility (especially at higher pH's) on the other. 
A slightly hypertonic tromethamine buffer (pH 7.95 A 0.05, buffer 
capacity = 0.225) was selected for future studies and allowed an 
adequate pH control for 5-6 hr. (Table VII). 


Several other alternatives should be mentioned, even though they 
appear to be impractical. One possibility (tested in Animal 17) would 
be to cover the drug solution with a layer of oil to minimize carbon 
dioxide loss, thereby hoping to maintain a pH as near to 7.40 as 
possible. However, this solution is quite unrealistic, since most drugs 
would partition into the oil layer at the same time as they are ab- 
sorbed, which complicates any quantitative subcutaneous kinetic 
study. Another approach to maintain pH 7.40 in the subcutaneous 
cell would be to devise a system whereby the partial pressure of car- 
bon dioxide in the air above the solution is in equilibrium with the 
required concentration of carbon dioxide in solution. In addition to 
the experimental difficulties in building such a system, this approach 
is hampered by the incomplete knowledge about the reaction of hy- 
dration of carbon dioxide and especially on the state of carbon 
dioxide in water. Perhaps metabolic inhibitors such as ouabain 
would prevent all transport processes and thereby allow the mainte- 
nance of pH 7.40 with suitable isotonic buffers. However, the possi- 
ble effects of ouabain on drug absorption should also be considered. 


This investigation of the ion-movement phenomenon allowed an 
elucidation of the mechanism of liberation of bicarbonate. At the 
same time, it represents direct evidence of the relatively strong 
buffer capacity of subcutaneous connective tissue. Most commercial 
solutions of local anesthetics have a pH between 5 and 7, mainly 
because of solubility limitations. The tissue buffer capacity can be 
relied on to neutralize solutions of local anesthetics soon after in- 
jection, thereby increasing the diffusion rate of the drug from the 
injection site to the nerve membrane. 


Mention should also be made of the fact that this subcutaneous 
absorption system might offer a simple and practical approach to 
the quantitative study of ion-movement phenomena under in uiuo 
conditions. 


In summary, it appears that, with the present system, absorption 
studies of loci11 anesthetics will not be possible under physiological 
conditions. Evidently, subcutaneous tissue is the site of various ion- 
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movement phenomena and it liberates and absorbs ions (Na+, K+, 
C1-, and HCO,-) t o  maintain in its environment an ionic composi- 
tion similar to that of interstitial extracellular fluid. However, it is 
possible to perform studies under controlled pH conditions, if one 
compromises tonicity (tromethamine buffer, pH 7.95 f. 0.005. buffer 
capacity = 0.225). It also appears that studies a t  various pH’s will 
be possible using the same system under postmortem conditions. 
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Enzyme Induction of Organic Nitrates I: 
Nitroglycerin In Viuo Experiments 


W. A. RITSCHELA, G. RITSCHEL-BEURLIN, and T. E. ELING 


Abstract 0 Upon oral administration of nitroglycerin-proxy- 
phylline tablets with timed release to humans, it was observed that 
the nitroglycerin blood levels declined after the 5th day. Experi- 
ments in rabbits and mice were performed to clarify whether this 
phenomenon is caused by enzyme induction. Oral administration 
of 0.1 and 0.2 mg./kg. nitroglycerin to rabbits caused a decrease in 
the peripheral maximal temperature rise. The decline in pharma- 
cological action depends on dosage and apparently follows first- 
order kinetics. Pretreatment of mice with either nitroglycerin or 
pentobarbital caused a similar decrease in pentobarbital sleeping 
time, indicative of enzyme induction. However, in contrast to the 
hepatic response elicited by barbiturate pretreatment in which 
the liver weights increased, nitroglycerin caused a significant de- 
crease, thereby suggesting a different mechanism of action for the 
vasodilator. 


Keyphrases 0 Enzyme induction of organic nitrates-nitroglycerin, 
rabbits, mice 0 Nitroglycerin-enzyme induction, rabbits, mice 0 
Vasodilation, nitroglycerin-enzyme induction, rabbits, mice 


Although nitroglycerin is well established in the 
therapy of angina pectoris, its oral absorption has long 
been questioned. Salter (1) stated that nitroglycerin is 
not decomposed by the gastric juice, but its rate of 
absorption is slow. Sollmann (2) mentioned that nitro- 
glycerin is more potent when administered buccally 


instead of orally, because by the latter route nitro- 
glycerin is absorbed into the portal circulation and then 
destroyed by the liver. That nitroglycerin is also ab- 
sorbed-at least in the rabbit-when given orally was 
shown by Turner (3), Lorenzetti et al. (4), and Bogaert 
et al. (5). Ritschel and Clotten (6) proved oral absorp- 
tion of nitroglycerin in  humans, calculating (7) a bio- 
logical availability of orally given nitroglycerin of 36 
and 5 5 %  for doses of 0.8 and 1.6 mg., respectively, to  
adults compared to  the blood levels upon buccal ab- 
sorption. 


Since nitroglycerin is especially valuable when used 
prophylactically (8, 9), several oral timed-release ni- 
troglycerin preparations have been developed, clinically 
tested, and marketed (10-18). By using an oral timed- 
release proxyphylline preparation (19-22), nitroglycerin 
was incorporated into this formula and biopharmaceu- 
tically evaluated (6, 7) ;  it was found that the nitrate 
plasma level decreased after the 5th day (Fig. 1). This 
observation led to  the suspicion of a possible enzyme 
induction (23). 


To study the possibility of enzyme induction (23), 
further experiments were performed using a pharma- 
cological parameter other than plasma levels, because 
there seems to  be no correlation between hypotensive 
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Penetration of Polymer Monolayers 


JOEL L. ZATZ 


Abstract 0 Monolayers of polyvinylpyrrolidone copolymers inter- 
act more strongly with dissolved benzoic acid than with p-hydroxy- 
benzoic acid. In bulk solutions of polyvinylpyrrolidone, the latter 
is more highly bound. This difference is ascribed to  the highly 
oriented structure which polymers assume a t  interfaces. 


Key phrases 0 Polyvinylpyrrolidone copolymers-monolayer in- 
teraction with benzoic acid and p-hydroxybenzoic acid, orientation 
of polymer at  interface, effect on penetration 0 Monolayers, 
polyvinylpyrrolidone copolymers-interaction with benzoic acid 
and p-hydroxybenzoic acid, orientation of polymer a t  interface, 
effect on penetration 0 Penetrability-interaction of polyvinyl- 
pyrrolidone copolymer monolayers with benzoic acid and p-hy- 
droxybenzoic acid, orientation of polymer a t  interface 


Many important properties of polymers are depen- 
dent upon their surface activity. One approach which 
has proven useful in the elucidation of surface charac- 
teristics of polymers is to study them as monolayers at 
the air-water interface. Monolayer experiments have 
been used to explain the antifoaming action of 
silicones (1, 2). Other studies have dealt with polymers 
used as adhesives (3), emulsion stabilizers (4), and 
lubricants (5). A great deal of effort has been devoted 
to the study of monomolecular films of proteins in an 
effort to gain insight into the structure and properties 
of biological membranes (see, for example, Reference 
6) .  


k 


24 F 


0 1  I I I I I I 
0 0.8 1.6 2.4 


AREA, rn.z/rng. 


Figure ~ - H - A  ciirws for Copolymer 335. Key: A. water sub- 
phase; 0, subphase containing p-hydroxybenzoic acid, I g.11. ; and 
0, subphase containing benzoic acid, 0.5 g./l. 


One great strength of the monolayer technique is that 
certain polymer properties may be investigated at the 
molecular level. It is thus possible to observe interac- 
tions between the polymer at the surface and dissolved 
molecules or ions which are capable of penetrating the 
surface layer. Studies of this type are useful in evaluat- 
ing the effects of additives on polymer properties. 


Interactions between drugs and polymer monolayers 
used as membrane models may help identify the mode of 
action of drugs in uiuo. Several drugs have been shown 
to modify membrane transport properties which are 
presumably controlled by enzymes (7). Investigations 
dealing with interactions between polymer monolayers 
and dissolved molecules include recent work on adsorp- 
tion of heparin by cationic polymers (8) and studies of 
the penetration of gliadin-containing monolayers by 
quaternary ammonium compounds (9). Monolayers 
of half-esters of poly(methy1 vinyl ether-maleic an- 
hydride) were shown to  interact with dissolved plas- 
ticizers; differences in the specificity of interaction 
aided in formulating a proposed surface structure for 
two of these polymers (10, 1 1). 


The results reported in this article deal with interac- 
tions between graft copolymers of polyvinylpyrrolidone 
and vinyl acetate and two “small” molecules, benzoic 
acid and p-hydroxybenzoic acid. 


EXPERIMENTAL 


The procedure used in the purification of the polyvinylpyrrolidone 
copolymers was described previously (12). Copolymer 335 con- 
tained 29.2x w/w polyvinylpyrrolidone; Copolymer 735 contained 
61.2% w/w polyvinylpyrrolidone. The residual monomer content 
of both materials was negligible. Water was deionized and distilled 
from an all-glass still. Organic liquids were of reagent grade and 
were found to  be free of surface-active impurities (13). Other ma- 
terials were of reagent grade and were not purified further. 


The copolymers were spread from an isopropanol-benzene solu- 
tion on a water subphase using a micrometer syringe (Agla). 
When the benzoic acid derivatives were included in an experiment, 
they were dissolved in water and added to the subphase before 
spreading. Surface pressure was determined by the Wilhelmy plate 
method. A thermostat (Lauda K-2) was used to  maintain subphase 
temperature at 25 f 0.1 ’. The average rate of compression of the 
monolayers was about 0.1 m.2/mg./min. Minor changes in the com- 
pression rate did not affect the results. If the concentration of the 
copolymer at the surface was increased by spreading additional 
material, the resultant surface pressure agreed quite well with that 
obtained by compressing the film to  the same concentration. 


RESULTS AND DISCUSSION 


The results are conveniently represented by plotting surface pres- 
sure (T) as a function of surface area available to  the polymer (Figs. 
1 and 2). Each data point represents the average obtained from at 
least two independent experiments. In these experiments, subphase 
concentration of benzoic acid and of p-hydroxybenzoic acid cor- 
responded to  about 12% of the solubilities of the respective com- 
pounds. Penetration into the polymer monolayer caused expansion 
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Figure 2--r-A curves for Copolymer 735. Key: A, water subphase; 
0, subphase containing p-hydroxybenzoic acid, I g.11.; and 0, sub- 
phase coritainirrg berizoic acid, 0.5 gJI. 


of the area occupied by each polymer unit and resulted in a surface 
pressure above that exhibited by the monolayer containing polymer 
only. 


Figure 1 shows that Copolymer 335 is .penetrated by benzoic acid 
but that the effect of p-hydroxybenzoic acid is quite small. Copoly- 
mer 735 interacts with both substances (Fig. 2); once again, benzoic 
acid is more strongly adsorbed than is p-hydroxybenzoic acid. 
Although both of these substances are bound by polyvinylpyr- 
rolidone in bulk solution, p-hydroxybenzoic acid is more strongly 
bound than benzoic acid (14,15); the opposite is true in the mono- 
layer experiments. It is possible that this difference is due to 
the more highly organized and spatially oriented structure which 
polymers assume at an interface (11). Benzoic acid, with a single 
hydrophobic group located at one end of the molecule, can assume 
an orientation in which the polar group is immersed in the subphase 
and the benzene ring extends above it in contact with nonpolar 
polymer groups. p-Hydroxybenzoic acid is not as easily accom- 
modated at the interface, because this molecule has a polar group 
at each end. 


Based on the results reported here, one may conclude that orienta- 
tion in a polymer monolayer may be a determining factor in mono- 
layer penetration by dissolved molecules. Furthermore, it is danger- 
ous to extrapolate data obtained in bulk solution studies to  condi- 
tions at interfaces or membranes. 
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New Compounds: Amides Derived from 
[ (10,1l-Dihydro-5H-dibenzo[a,d]cyclohepten-5-yl) thiolacetic Acid 


R. V. SAENZ’ and J. W. SOWELL* 


Abstract 0 Synthesis of sulfide amides from [( lO,ll-dihydro-5H- benzo[a,~cyclohepten-5-yl)thio]acetic acid, pharmacological screen- 
dibenzo[a,~cyclohepten-5-yl)thio]acetic acid is described. Pre- ing 0 [( 10,ll -Dihydro-5H-dibenzo[a,~cyclohepten-5-yl)thio]acet~c 
liminary pharmacological results are reported. acid-used as a starting material for synthesis of sulfide amides, 


products tested for pharmacological activity 0 Antihistamines, 
Keyphrases c] Amides-synthesized from [( lO,ll-dihydro-5H-di- potential-synthesis of sulfide amides, pharmacological screening 


Many compounds of diversified chemical structure modic, sedative, local anesthetic, sympathomimetic, 
have been found to  possess histamine-antagonizing and antiacetylcholine actions (7). Studies have at- 
activity (1-6). In addition to this activity, many possess tempted to find a more selective antihistaminic activity, 
other pharmacological activities including antispas- including analogs possessing the sulfide linkage (8). 
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Role of Drug Metabolism in Drug Research and Development: 
Pharmaceutical Chemistry Aspects 


KENNETH R. HEIMLICH 


Abstract 0 Pharmacokinetic data obtained jointly by the drug 
metabolism group and the pharmaceutical chemist are essential to 
the selection of the proper dosage form for preclinical and Phase I 
studies. Subsequent biopharmaceutic studies aid in the development 
of alternate dosage forms and in devising suitable in uirro procedures 
for ensuring batch-to-batch reproducibility in production. 


Keyphrases Drug metabolism-role in drug research and develop- 
ment, symposium 0 Biopharmaceutics-development of dosage 
forms 0 Pharmaceutical chemists-selection of dosage forms for 
preclinical and Phase 1 studies 0 Dosage form development-role 
of drug metabolism group and pharmaceutical chemist 


The objective of the pharmaceutical chemist is to  
formulate the new drug substance into a dosage form 
that can be administered to the patient. In  years past 
the major emphasis in this work was to develop a 
dosage form with quality, strength, and purity beyond 
reproach. Recently, however, the delivery or release of 
the drug from the dosage form has received considerable 
attention. 


Drug dosage forms are currently viewed as delivery 
systems for the drug substance. In this context, con- 
siderably more emphasis is placed on the objective 
measurement of the release of the drug substance from 
the dosage form. Although much of this work has been 
done in in uitro systems, the more relevant data have been 
from in uiuo studies. These studies have been made 
possible by the rapid progress being made in the area of 
bioanalytical methodology. 


Analytical methods for determining the drug in 
blood and urine are usually available early in  develop- 


Compound I: 
2’ -hydroxy -5' -[(hydroxy)(2 -piper idyl)methyl]-  
methanesulfonani l ide sulfate hydra t e  


Table I-Urinary Recovery Data after Oral and Intravenous 
Administration to Dogs 


-Percent Recovered in 48 hr.- 
Compound Oral Intravenous 


I 10, 16 62, 67 
I1 7.0,  7 . 7  41, 32 


Table 11-Solubility of Compounds I and 11 in Various Solvents 
~~~ ~ 


Solubility, Concentration, mg./ml. 
Solvent I 11 


Water > 50 O.oo08 
0.1 NHCI > 50 <0.001 
Intestinal fluid > 50 <0.001 


Ethanol 49 > 50 
(PH 7.4)  


ment work. A few years ago this availability was the 
exception. It is now possible for the pharmaceutical 
chemist to  utilize data obtained by the drug metabolism 
group to design the most efficient formulation. 


From the time the early preformulation work is 
initiated until the final dosage form comparison studies 
are completed, bioanalytical data are used as a guide 
in the dosage form development process. 


PREFORMLJL.ATION S U D I E S  


Before dosage formulation is begun, a physical-chemical charac- 
terization of the new drug substance is carried out. These data 
enable the formulator to proceed more efficiently toward the choice 
of a proper formulation. The various properties that are studied 
during the preformulation phase are: solubility profile, particle size, 
polymorphism, stability at  various pH, dissolution rate, drug- 
excipient interactions, and partition coefficients. 


These studies are designed to determine quickly if the new drug 
substance will be a problem in formulation. The early solubility 
studies give a good indication if subsequent drug absorption 
problems can be expected. There are many examples cited in the 
literature in which particle size and polymorphism have influenced 
drug absorption. This literature was recently reviewed (1,2). 


The stability data of the new drug substance alone and in com- 
bination with proposed excipients are essential t o  the eventual 
formulation of an acceptable drug product. If these studies indicate 


Table 111-Partition Coefficients of Compounds I and 
11 at Various pH’s 


Concentration in Cyclohexane 
Concentration in Water 


-~ ~ 


PH I I1 


1 . 5  - 370 
0.03 3 


5 0 .02  
- 
- Compound 11: 


2,6 -dimethyl-3,s  -dicarboethoxy-4 - (2 - 7 0.004 - 
trif luoromethylphenyl)  - 1) 4 -dihydropyridine 7 . 4  -. 370 
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OH CH., 
I I "  


OCH2-- CH- CHL--NH - C-CH, .HCI 
I 
CHJ CI 


Compound I11 
1 -f erf-butylamino -3 -(2 - ch lo ro  -5 -methylphenoxy)-  
2 -propano1 hydroch lo r ide  


that problems will be encountered with a particular salt form, new 
salts are made and characterized. 


As the pharmaceutical chemist is collecting such data, animal 
pharmacokinetic data useful in dosage form considerations should 
also be generated. Plasma and urine levels of drug after oral and 
intravenous administration provide data pertinent to the absorp- 
tion efficiency of the compound. 


To illustrate how the cooperative efforts of the metabolism 
group and the pharmaceutical chemistry group generate data vital 
to subsequent formulation work, experiences with compounds 
studied in this laboratory will be discussed. 


In the first example, data obtained on two compounds, I and 11, 
will be compared, since they present similar absorption profiles 
for different reasons. 


During early pharmacokinetic studies in animals, the I4C- 
labeled compounds were administered orally and intravenously 
to dogs. The tagged compound was then measured in the urine as 
an indication of the degree of absorption of the compound. The 
urinary recovery data are shown in Table I. There is a significant dif- 
ference in the recoveries after oral and intravenous administration 
for both compounds, indicating poor absorption orally. A review of 
the preformulation data provides information relative to the lim- 
iting factor in the absorption. 


The solubility profiles of the compounds are given in Table 11. 
Compound I is seen to have good water solubility, while Compound 
I1 is very poorly soluble in water. 


The partitioning properties of the drugs are shown in Table 111. 
Compound I has a very low apparent partition coefficient (o/w) 
over a wide pH range. It was concluded from the solubility and 
partition data that the absorption of this compound is limited due 
to the poor lipid partitioning properties. 


Although Compound I1 has favorable partitioning properties, 
the low water solubility is undoubtedly the limiting factor in its 
absorption. This indicated that formulation work should be under- 
taken to enhance the absorption. This work will be discussed later. 


Another example of how early pharmacokinetic data aid the 
pharmaceutical chemist is demonstrated by experience with a p- 
blocker (Compound 111). Recovery data after oral administration 
to rats indicated that about EOz of Compound I11 was recovered 
in the urine and about 40% in the feces. These data suggested a 
possible absorption problem. However, the compound showed an 
appreciable water solubility. The metabolism group then measured 
the biliary, urinary, and fecal excretion after oral administration to 


PERCENT DRUG IN  SOLUTION 
T I M E  FOR DISSOLUTION 
RATE OF DISSOLUTION 


Figure l-€xamples oJ'pcrrameters plotted irr in vitrwin vivo corre- 
lrrtions. 


Y = 0.43 + 0.64 LOG x1 r - 
E 
5 0.90 


E 
z 
-I $, 0.70 
-I 
a 
5 0.50 
n 4 
Z 5 0.30 
I 


20 30 40 60 80 100 200 
DISSOLUTION RATE, rng. DISSOLVED/30 rnin. 


Figure Z--Correlation of dissolution rate and mean griseofirlcin 
plasma Iecel. Correlation coeficient = 0.995 (p = 0.02). Brackets 
enclose 95 confidence intercnls of regression line. Numeral beneath 
each point is the preparation number. (R~~printcd, with permission, 
lrom Reference 5 . )  


bile duct-cannulated rats. It was found that essentially 100% of the 
drug was recovered from bile and urine within 48 hr. The fact that 
very little drug was excreted in the feces indicated that absorption 
from the GI tract was complete. 


These examples illustrate how preformulation data are utilized 
to make early decisions concerning the eventual formulation of the 
new drug substance. When these data are generated at an early 
date, the implications can be dealt with adequately. Different salts, 
solubilized systems, or other modifications can be prepared and 
evaluated. However, the development process is severely disrupted 
if  data critical to the absorption of the compound are generated at  a 
later date. 


FORMULATION STUDIES 


After the early preformulation and pharmacokinetic data are 
generated, dosage forms are prepared. The biopharmaceutical 
evaluation of the various formulations requires the cooperative 
efforts of the biochemist, pharmaceutical chemist, biostatistician, 
and clinical pharmacologist. The objective is to produce a dosage 
form with the optimum absorption profile. However, before in uioo 
testing of the formulations is initiated, they are screened by in 
oitro procedures. This minimizes the workload on the testing 
facility and the bioanalytical laboratory. 


Numerous in oitro test procedures have been developed. Many of 
these tests are designed to simulate the agitational intensity and pH 
conditions of the GI tract. It has been pos!ulated that the method 
most closely resembling physiological conditions should have the 


0 
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70 I- / 


0 10 20 30 40 50 60 70 80 
DISSOLVED IN VITRO. %, 


Figure &Plot ofpercent of dose of aspirin ohsorbed to rime T after 
drug administration versus percent dissoloed in vitro at rime T. Key: 
0, concenriond iablets; 0 ,  buffered tablets. and A, timed-release 
rablets. (Reprinted, with permission, from Refcrence 6 . )  
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( a )  ( b )  


Figure 4-(a) Plot of percent transmittance versus time showing the 
relative deaggregation rates of the four capsules in simulated gastric 
/hid T.S. (Reprinted, with permission, from Reference 7.) (b) Mean 
plasma leuels in human volunteers of nitro compounds (chlorampheni- 
col equiualents) following single oral doses of chloramphenicol cap- 
sules [dose 0.5 g.  (two capsules), I0 subjects]. 


highest probability of yielding good correlation with in uivo data. 
However, several different systems have yielded good correlation 
data, and a so-called “ideal system” is probably not a realistic goal. 
Regardless of the methodology employed, the critical factor is to 
correlate the rate of dissolution of the drug with some in uico per- 
formance parameter. 


Many examples of in vivo-it1 uitro correlation have been pub- 
lished and the literature has been compiled (3, 4). The usual types 
of correlations that are sought are seen in Fig. 1. 


Studies carried out by Katchen and Syrnchowicz (5) on griseo- 
fulvin and by Gibaldi and Weintraub (6)  on aspirin illustrate good 
in uiuein uitro correlations. Mean plasma levels after the administra- 
tion of four different griseofulvin dosage forms to 10 subjects were 
correlated with the amount of drug dissolved in 30 min. in simulated 
intestinal fluid. Excellent correlation was obtained (Fig. 2). 


A plot showing the percent of dose of aspirin absorbed to time 
T after administration versus the percent dissolved in vitro at time 
T for three different dosage forms is shown in Fig. 3. Here again, 
it is demonstrated that in uitro dissolution data can be correlated 
with the in uiuo performance of the dosage form. 


Properties other than dissolution have been measured in in uitro 
performance tests, Aguiar et at. (7) measured the rate of deaggrega- 
tion of chloramphenicol capsules as an indicator of their bio- 
availability. The deaggregation was determined by measuring the 
decrease in transmittance of a dispersion with time. A qualitative 
correlation existed between the rate of deaggregation and plasma 
levels after the administration of the capsules (Fig. 4). 


After the in vitro screening studies are completed, biopharma- 
ceutical data are obtained to determine the performance of the 
dosage form in ciuo. It can then be determined if a correlation exists 
between the in t)irro and in uiuo data. If the correlation does exist, 
specifications for the dosage form are established based on the 
in vitro test procedure. The following examples from this laboratory 
illustrate the utilization of biopharmaceutical data in dosage form 
development. The data are not intended as a full report of the 
studies carried out but are presented only to illustrate the use of 
this type of data by the formulator. 


Compound I1 is poorly absorbed orally, has a very low water 
solubility, and has a high partition coefficient (o/w). Work was 


Table IV-Urinary Recoveries of Compound I1 from’Dogs 
after Various Dosage Forms 


Percent Recovered 
in Urine 


(up to 96 hr.) 


Polyethylene glycol 200 solution 41, 32 
0 . 1  (intravenous) 


Crystalline drug (oral) 
Polyethylene glycol 2Wwater 50% 


of each solution 0.1 z (oral) 


7.0, 7.7 
39, 32 


CH, 


Compound IV: 
2-methyl-4-[(5~methyl-5H-asym-triazinoi 
[ 5,6$]indol-&yl)arnino]-2-butanol 


undertaken to enhance the absorption of the compound. A second 
dosing study in dogs was carried out in which the drug was ad- 
ministered orally as a 0.1 z solution in 50% polyethylene glycol 
200-50x water. A comparison of the urinary recoveries are shown 
in Table IV. These data indicated that urinary recovery of the drug 
after the oral administration of a solution was equivalent to  the 
recovery after intravenous administration of the solution. Subse- 
quent pharmacological tests were carried out with a 5 x  solution of 
the drug in polysorbate 80. Oral LD,o studies in rats and hypoten- 
sive activity studies in dogs showed the solution to be 4-5 times 
more active than crystalline drug. This increase in activity is of the 
same order of magnitude as the increase in absorption shown in 
Table IV for the polyethylene glycol 200 solution given orally, 
These studies led to the selection of a dosage form comprised of a 
polysorbate 80 solution filled into soft gelatin capsules. 


Experience with an antiviral agent, Compound IV, also demon- 
strated the use of in vivo data as a guide in formula design. The 
compound has a water solubility of only 0.008 mg./ml. The solubil- 
ity in 0.1 N HCl is approximately 100 times this amount, and it was 
postulated that this solubility in gastric fluid would provide a 
reasonable dissolution rate and good absorption. However, this was 
not found to be the case as shown by the in uiuo data. Two 
biopharmaceutical studies were carried out in which various 
dosage forms were administered to six subjects in a crossover 
study. Unchanged drug was measured in the plasma, and un- 
changed drug and metabolites were measured in the urine. The re- 
sults of these studies are shown in Table v. A direct comparison 
of all the data in Table V is not entirely valid since it was generated 
in two separate studies. However, the data were sufficiently con- 
sistent between the two studies to permit generalizations to  be made 
concerning the forms tested. By using the solution form as a stan- 
dard, Tablet B and the suspension showed lowered recoveries. 
This would indicate that the base is not being readily converted to 
the hydrochloride salt in the stomach. Tablet B had a considerably 
slower iiz vitro dissolution ( 2 2 z  in 15 min., NF Method I, 100 
r.p.m., gastric fluid) than Tablet A (1OOx in 15 min.), while Tablet 
C dissolved much more rapidly than either A or B. Tablets A and 
C produced total recoveries equivalent to the solution; however, 
their rates of availability were slower as evidenced by the lower 
average peak serum levels. 


From a biopharmaceutical standpoint, the solution is the form of 
choice; however, pharmaceutically it is unacceptable due to  its 
very low pH. Based on in uivo performance and pharmaceutical 
acceptance, Tablet Cis  the dosage form of choice. 


It is surprising to note that the suspension form of Compound 
IV base showed a lower recovery and a lower average peak serum 
level than the rapidly dissolving tablet of the base (Tablet A). This 
same phenomenon of less efficient performance from a suspension 
as compared with a solid dosage form was reported for griseofulvin 
by Riegelman (8). Griseofulvin plasma levels after administration 


.of eight 125-mg. capsules and lo00 mg. of griseofulvin in suspension 


Table V-Zn Viuo Testing of Compound IV Dosage Forms 


Average 
Urinary Peak 


Recovery, Serum z of Dose Level, 
Dosage Form Dose, g. (48 hr.) mg./ml. 


Solution (hvdrochloride salt) 1 .o 32.2 15.6 
Tablet A i5bO mg., base) ‘ 1 0  28 8 6 40 
Tablet B (250 mg., base) 1 0  13 5 2 65 
Tablet C (500 mg., 


hydrochloride salt) 1 .o 27.4 10.8 
Suspension (lOz, base) 1 .o 20.4 3.91 


1688 rJ Journal of Pharmaceutical Sciences 







AVERAGE DATA 


16 SUBJECTS 


IN SUSPENSION 
25 mg/ml 


10 20 
H O U R S  


Figure 5-Mean plasma griseofulvin levels from 16 subjects given 
the drug in the various dosage forms noted. (Reprinted, with permission, 
.from Reference 8.) 


(25 mg./ml.) are shown in Fig. 5. Riegelman postulated that a major 
portion of the absorption of griseofulvin takes place in a limited 
segment of the upper intestinal tract and that intestinal transit 
time controls the absorption. The finely divided suspension transit 
time is probably less than that from the capsules and, thus, less 
absorption occurs from the suspension. This may also be the ex- 
planation for the lower recovery from the Compound IV suspension. 


SUMMARY 


The cited examples show how the pharmaceutical chemist utilizes 
bioanalytical data from animals and man as a guide in dosage 
formulation. These data, along with the physical-chemical charac- 
terization of the new drug substance, enable the formulator to 
produce a dosage form that maximizes the availability of the drug. 


One of the most critical aspects of this total effort is timing. It 
is imperative that the pharmaceutical <:hemist, biochemist, and 
pharmacologist cooperate closely in the early dosing studies with 
the new drug substance. It is at this point where the groundwork 
must be laid for the eventual formulation of the most effective 
dosage form. 


REFERENCES 


(1)  J. Fincher, J.  Pharm. Sci., 57, 1925(1968). 
( 2 )  J. Haleblian and W. McCrone, ihid., 58, 911(1969). 
(3) “Current Concepts in the Pharmaceutical Sciences-Biophar- 


maceutics,” J. Swarbrick, Ed., Lea & Febiger, Philadelphia, Pa., 
1970, p. 288. 


(4) J. G. Wagner, “Biopharmaceutics and Relevant Pharmacoki- 
netics,” Drug Intelligence Publications, Hamilton, Ill., 1971, p. 140. 


(5) B. Katchen and S. Symchowicz, J .  Pharm. Sci., 56,1108(1967). 
(6)  M. Gibaldi and H. Weintraub, ibid., 59,725(1970). 
(7) A. J. Aguiar, L. M. Wheeler, S. Fusari, and J. E. Zelmer, 


(8) S. Riegelman, Drug Inform. Bull., Jan./June 1969, 59. 
ibid., 57, 1844(1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received from the Research and Development Dioision, Smith 
KIine & French Laboratories, Philadelphia, F A  19101 


Presented to the 7th Middle Atlantic Regional Meeting, American 
Chemical Society, Philadelphia, Pa., Feb. 1972. 


The author is grateful to the Biochemistry Department, Smith 
Kline & French, for the iiz vivo assays, and to the Preformulation 
and Analytical and Physical Chemistry Sections for the preformula- 
tion data. Thanks are also given to Dr. H.  C. Caldwell for helpful 
discussions. 


Vol. 61, No. IO, October 1972 0 1689 








Table IVXomparison of Different Dissolution Methodso 


Methodb IOA 1OB 1oc 10D‘ 5A 5B 5 c  5D Average 


DT 3 .0  2.9 3 . 3  8 . 7  3 .2  3 .1 1 . 5  2 .2  3.5 
3B 2 .9  3 .6  1 . 5  4 .1  2.0 2.1 1.1 1 .7  2 . 4  
RB 2.8 2 .0  1 . 5  3 .7  1 . 2  1 . 2  1 .o 2.5 2.0 
FCL 1 .o 1 .Q 1 .o 1 .o 1 .O 1 . O  1 .2  1 .o 1 .o 


., 10A = 10 mg. formulation of A, erc. * See footnote to Table 111. 


Comparison of 25- and 13-mm. Dissolution Chambers-Experience 
gained in these studies indicates that the 25-mm. chamber is the 
most useful for routine determinations. It accommodates all tablet 
sizes, it is easier to handle and use, and its filter seldom clogs during 
normal operation. Even at  low flow rates (12-14 ml./min.), homo- 
geneity of the system appears t o  be excellent. The 13-mm. chamber 
is preferred for precise work, especially that involving nondisin- 
tegrating material. It is especially useful in work with sublingual 
tablets. 


Quantitative comparisons between the 13- and 25-mm. chambers 
can be made using Eq. 11 from Langenbucher’s report (4): 


(Eq. 1) T = k(QA)-I.P-0.6 x ( D  P.0 )1.6--1.8 


where T is the dissolution time (minutes), k is a constant, QA is the 
liquid velocity (centimeters per minute), and D p , o  is the initial 
equivalent spherical particle diameter (centimeters). Since the liquid 
velocity equals the flow rate divided by the cross-sectional area of 
the chamber, it can be calculated that, using identical samples, the 
dissolution rates using the 13-rnm. cell should be 1.4-2.3 times faster 
than those using the 25-mm. unit. For the 5- and 10-mg. experi- 
mental forumlations, the ratios of the semilog slopes (13 mm./25 
mm.) are 1.7, 1.8, 2.0, and 2.3-in excellent agreement with the 
“theroretical” 1.4-2.3 range. 


In conclusion, the results of these studies indicate that the modi- 
fied dissolution chamber, consisting of commercially available 


units, is a useful tool in dissolution work. Studies on isosorbide 
dinitrate formulations, including commercial products, indicate 
that some differences in dissolution behavior exist between formula- 
tions, differences that may or may not be significant from an  in viuo 
standpoint. 
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NOTES 


Immunochemical Studies on Linear Antigenic 
Polypeptides with a Known Repeating Sequence of Amino Acids 


BRIAN J. JOHNSON 


Abstract 0 The specificity of antibody to poly(L-tyrosyl-L-glutamyl- 
L-valylglycyl)glycine-I-”C ethyl ester ( I )  was studied using p l y -  
peptides in which the valyl and tyrosyl residues were modified to 
an alanyl residue and either a phenylalanyl or a OMe-tyrosyl 
residue, respectively. All of these modified polypeptides cross- 
reacted with antibodies to I, indicating that they all have a similar 


conformation. It was concluded from the diminution of binding 
abilities of these modified polypeptides that antibodies to I show a 
greater specificity for the VaIYl and phenolic hydroxyl group of the 
tyrosyl residue Of the 


Keyphrases 0 Polypeptides, linear, antigenic-immunochemical 
properties a Antibodies, polypeptide produced-specificity 


antigen. 


The specificity of the antibody formed in response to  
an antigen is dependent on both the antigenic deter- 
minants present in  the antigen and the genetic capacity 
of the animal to differentiate between, and respond to, 
those determinants. Neither the mechanism of specific 


antigen recognition nor the nature of its genetic control 
is well understood. With respect to antibody specificity, 
we have been studying the antigen poly(L-tyrosy1-L- 
glutamyl-~-valylglycyl)glycine-l-~~C ethyl ester (I) (1, 
2). This article reports some cross-reaction and absorp- 


1990 0 Journal of Pharmaceutical Sciences 







Table I-Amounts of Protein Nitrogen Precipitated by Homologous and Heterologous Polypeptides 


Micrograms of Protein Micrograms of Protein Percent of Protein 
Nitrogen Precipitated Nitrogen Precipitated Nitrogen Precipitated 


Polypeptide at  Equivalance Point" by I after Absorption" by Polypeptide" 


(Tyr-Glu-Val-Gly),GIy, I 143 0 100 
(Phe-Glu-Val-Gly),GIy, I1 105 38 73 
(Tyr-Glu-Ala-Gly),Gly, I11 100 44 70 
(OMe-Tyr-Glu-Ala-Gly),Gly, IV 95 46 67 
(Phe-Glu-Ala-Gly),GIy, V 90 50 63 


a Per milliliter of anti-poly(Tyr-Glu-Val-Gly)Gly-l-14C ethyl ester serum. 


tion studies directed toward the characterization of the 
specificity of antiserum produced by rabbits against the 
antigen I. The following polymers were used: poly(Phe- 
Glu-Val-G1y)Gly methyl ester (11), poly(Tyr-Cilu-Ala- 
G1y)Gly-1- 14C ethyl ester (111) (3-5), poly(0Me-Tyr- 
Gl~-Ala-Gly)Gly- l -~~C ethyl ester (IV) (6),  arid poly- 
(Phe-Glu-Ala-Gly)Gly-l-14C ethyl ester (V) (7). 


RESULTS AND DISCUSSION 


Four rabbits were immunized against poly(Tyr-Glu-Val-Gly)- 
Gly-l-14C ethyl ester ( I )  using the previously reported protocol (5). 
The animals were bled for 25 days after the last injection of the 
antigen 1. Each serum gave a positive precipitin reactior, with the 
homologous polymer I. The serum from each animal was pooled, 
it being assumed that each animal had responded to  the same anti- 
genic determinants in this time interval (8). 


In separate experiments, incremental amounts of each poly- 
peptide ( I ,  11, 111, IV, and V) were added to  1-ml. aliquots of this 
pooled antiserum. All of the polypeptides cross-reacted with this 
serum. However, by quantitation of the precipitates by analysis for 
nitrogen (Kjeldahl), it was found that none of the heterologous 
polypeptides precipitated as much antibody as the homologous 
polypeptide I .  These results are shown in Table I. 


To quantitate the amount of antibody not precipitated by these 
heterologous polypeptides, a separate series of experiments was 
performed. Quantities equal t o  the equivalence-point amounts of 
each heterologous polypeptide were reacted with the pooled serum. 
After removal of the precipitate, 30 mcg. of the homologous poly- 
peptide I was added to  the resulting supernatant liquids; further 
precipitation was observed in each case and was quaniitated by 
analysis for nitrogen. 


The results suggest that all of the heterologous polypeptides 
(11, 111, IV, and V) have the same conformation as the antigen I, 
since all of these polymers cross-react with anti-I-serum. From these 
results, it was assumed that the determinants of these heterologous 
polypeptides are in the same orientation as those of the antigen I. 
Thus, any observed differences in the abilities of the heterologous 
polypeptides (11, I l l ,  IV, and V) to  bind with the antibody to I would 
be due only to the modification of the valyl and tyrosyl residues. 
By using this rationale, it is suggested that the antibody-combining 
sites show a diminution of bonding ability when the tyrosyl residue 
of the homologous polymer I is replaced by a phenylalanyl moiety, 
e.g., polymer 11. This may be due either t o  the inability of the 
phenylalanyl residue to  f i t  the combining sites of the antibody 
molecule as well as the tyrosyl residue or to the presence, within 
the heterogeneous population of antibodies, of a population that 
shows a specificity for the phenolic hydroxyl group of the tyrosyl 
residue. The heterologous polymer, poly(Tyr-Glu-Ala-Gly)Gly 
(111). also shows a diminished ability to bind to  anti-I-serum. It is 
suggested that the alanyl residue does not fit the antibody-combining 
sites as well as the valyl residue. Comparison of polymers I1 and V 
tends to confirm this suggestion, since the valyl polymer I1 pre- 
cipitates more antibodies than the alanyl polymer V. Modification 
of two of the amino acid residues of the antigen as with polymers IV 
and V further reduces the precipitating ability. However, both of 
these modifications still cause over 60% precipitation of the avail- 
able antibody. It is suggested that these results indicate that the 
antibodies produced by I are not very specific, provided that the 
heterologous polymers possess the same conformation as the 
homologous antigen. 


EXPERIMENTAL 


Immunochemical Procedures-Four rabbits were treated with 
poly(Tyr-Glu-Val-Gly)Gly-I-'4C ethyl ester ( I )  at  weekly intervals, 
using the immunization schedule previously described (5); 25 days 
after the last injection, all rabbits were bled using the standard 
heart puncture technique. Serum from each rabbit was tested for a 
precipitin reaction with the homologous antigen I, and a positive 
precipitin reaction was found in each case. The serum from each 
animal was pooled and this combined serum was used for the fol- 
lowing experiments. It was assumed that the antibody produced by 
each rabbit after the same time interval was directed against the 
same antigenic determinants of poly(Tyr-Gl~-VaI-Gyl)Gly-l-~~C 
ethyl ester (I). 


Quantitative Precipitin Reactions-To 1-ml. aliquots of the 
pooled rabbit serum was added incremental amounts of the poly- 
peptide I. Each tube was made up to  a total of 2 ml. with buffer 
(0.1 MNaCl-0.05 MNaHCO,), incubated for 1 hr. at  37", and then 
kept at  4" for 48 hr. The tubes were centrifuged in the cold, and the 
precipitates were washed twice with 1 ml. of buffer (0.05 M 
K,HPO,-l NNaOH), pH 7.0. The total amount of protein precipita- 
ted wasestimated by analysis for nitrogen (Kjeldahl). For each poly- 
peptide (11, 111, IV, and V), quantitative precipitin reactions were 
performed using the pooled rabbit serum, which was identical to and 
run simultaneously with that used for the polypeptide I. 


Absorption Studies-The pooled rabbit serum was reacted with 
quantities equal to the equivalence-point amount of the heterologous 
polypeptides (11, 111, IV, and V) as described previously. The cor- 
responding precipitates were centrifuged out, and the supernatant 
liquors were poured off into separate tubes. T o  each supernatant 
liquor was added 30 mcg. of the homologous antigen, poly(Tyr- 
Gl~-Val-Gly)Gly-l-~~C ethyl ester (I). The tubes were incubated at  
37" for 1 hr. and then stood at  4" for 48 hr. The precipitates were 
centrifuged, collected, washed, and quantitated by analysis for 
nitrogen. Controls in which the serum was first absorbed with the 
homologous antigen I ascertained that the homologous antigen 
precipitated all of the antibody, since the supernatant liquor gave 
no further precipitation reaction when 30 mcg. of I was added. 
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Role of Drug Metabolism in Drug Research and Development: 
Importance of Drug Metabolism in 
Clinical Pharmacological Evaluation of New Drugs 


LOUIS LEMBERGER 


Abstract 0 Since man is characterized by marked individual varia- 
tions in the disposition and metabolism of drugs, proper evaluation 
of a new drug requires the inclusion of pharmacokinetic parameters 
in efficacy studies. Later phases of clinical evaluation should not 
overlook interactions between a new drug and other therapeutic 
agents, normal body constituents, or naturally occurring compounds 
in the diet. 


Keyphrases 0 Drug metabolism-role in drug research and develop- 
ment, symposium 0 Clinical pharmacologists-evaluation of new 
drugs 0 Development of new drugs-evaluation of metabolism, 
bioavailability, drug interactions, role of clinical pharmacology 


Drug metabolism plays an important role in the 
various stages of the research and development of 
potential new drugs. Recognition of its great impor- 
tance has led governmental regulatory agencies to 
require a multitude of information on the bioavail- 
ability, pharmacokinetics, pathways of metabolism, 
and excretory patterns of a compound before it is given 
consideration as a new drug. Prior knowledge of these 
parameters from animal studies is important; however, 
the ultimate decision regarding a new drug's safety and 
potential use can only be obtained after the drug has 
been administered to man. When a compound has been 
found to be safe and efficacious in animal studies and the 
decision has been made to study its effects in humans, 
an investigational new drug application must be filed 
with the Food and Drug Administration (FDA). 


The clinical investigation of a new drug has been 
divided into several phases. Phase I is essentially a 
pilot study conducted by well-trained clinical pharma- 
cologists. The drug is cautiously administered to a 
small number of healthy volunteers, with the major 
objective being a confirmation of the animal data on 
safety and lack of toxicity. Initially, the drug is ad- 
ministered in a dose that is not expected to produce any 
pharmacological effect. This initial dose must be a 
fraction of the maximum tolerated dose administered to 
the most sensitive species. This information is obtained 
from the subacute animal toxicity studies. The dose in 
man is then cautiously, gradually increased. During 
this phase, information about the bioavailability, 
pharmacokinetics, transformation, and excretion of the 
drug is obtained. 


If the compound is shown to be safe in doses at  
which a desired pharmacological effect might be 
anticipated, the drug is then subjected to the second 
phase. Primarily, Phase I1 studies are designed to 
evaluate the therapeutic efficacy of the new drug, 
i.e., its usefulness in the treatment and prevention of the 
disease state for which it has been designed. Other 


objectives of this phase are to confirm the continued 
safety of the drug in man, to obtain information that 
might elucidate its mechanism of action, and to study 
further its metabolism in man. 


If the drug appears to be both safe and efficacious, or 
if the benefit from its use would be greater than the 
risk involved, the drug may enter Phase 111, or the broad 
clinical trial. During this phase, extensive clinical 
trials are performed by a greater number of physicians 
for the further accumulation of data about the drug's 
safety and efficacy in a larger patient population. If the 
new compound passes the criteria of usefulness and 
relative safety in rather broad use, a new drug applica- 
tion is submitted to the FDA, at which time a decision 
is made whether or not the drug should be marketed. 


ROLE OF DRUG METABOLISM 


An interdisciplinary approach is essential for the research and 
development of a new drug. The techniques and methodology em- 
ployed are in part the same as those used in preclinical studies, i.e., 
analysis of plasma, urine, feces, and other biological fluids. How- 
ever, many important restrictions apply to man, such as limited 
availability of time and manpower for analysis, limited numbers 
and specific types of subjects required, and the need for use of 
noninvasive techniques. 


PHARMACOKINETICS AND BIOAVAILABILITY 


Major advances in drug evaluation and mechanistic studies have 
been made in the field of clinical pharmacology as a result of the 
availability and utilization of more precise analytical, chemical, 
radiochemical, and immunological methods. The need for a sensitive 
assay method for determining drug levels in biological fluids early 
in the course of a Phase I study is essential for the initial bioavail- 
ability and pharmacokinetic studies. 


Interest has increased recently in the metabolism of AQ-tetra- 
hydrocannabinol, the active constituent of Cannabis satiua or 
marijuana. This drug was officially recognized in the USP several 
decades ago and is now being evaluated by several research groups 
as a possible antidepressant. There are interesting differences 
relating to the route and manner of administration of AO-tetrahy- 
drocannabinol (1-3). In general, for most other drugs the oral 
route is the most common route of administration in man. After 
this route, the compound must first be absorbed from the GI tract 
to exert its effects systemically. To establish the bioavailability of 
a drug, i.e., the percentage of the drug that is absorbed and made 
available to the organism, levels of drug in biological fluids are 
examined. One approach to studying the bioavailability of a drug 
administered by the oral route is exemplified by studies done 
with radiolabeled tetrahydrocannabinol. When '4C-A8-tetrahydro- 
cannabinol is administered intravenously, no unchanged drug is 
excreted in feces or urine, indicating its complete metabolism in uiuo 
( 3 ,  4). However, after oral administration, about 5-10% of un- 
changed A8-tetrahydrocannabinol is excreted in the feces, indicating 
that 90-95 of the dose is absorbed from the GI tract (3). 


Plasma levels of 14C-A9-tetrahydrocannabinol and its metabolites 
after oral, intravenous, and inhaled administration are depicted in 
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Figure 1-Plasma levels o f  ~4C-Ag-tetrahydrocarinabinol and its 
metabolites after oral and intravenous administration or after in- 
halation of 4C-Ag-tetrahydrocanriabinol to man. Each curve repre- 
sents a typical subject. 


Fig. I .  After the oral administration of this drug, dissolved in an 
alcoholic solution and suspended in cherry syrup, the plasma levels 
of radioactivity increased gradually, peaking at 3 hr. When this 
vehicle was used, the pharmacological effects were described as 
pleasant. Administration of this drug in gelatin capsules in a solu- 
tion of sesame oil or glycocholic acid results in more rapid absorp- 
tion, higher plasma levels, and an intense, unpleasant pharmacologi- 
cal effect'. Information of this type allows the pharmaceutical 
chemist to modify the formulation if necessary and allows the clini- 
cian to adjust the dosage based on the knowledge derived from the 
plasma levels. 


Although there are several important exceptions, in general the 
pharmacological effects of a drug can be correlated with its plasma 
concentration. With a method capable of determining plasma levels 
of a drug, one can often demonstrate the range of plasma levels 
required to give the desired pharmacological effect. This has been 
best exemplified by studies in the field of cardiac antiarrhythmia 
agents which have demonstrated that the drug will be ineffective 
at plasma levels below the ideal level while those beyond this 
optimum level will result in undesired effects (5 ,6) .  


Since man is a heterogeneous species, plasma levels of a drug may 
vary markedly between individuals due to genetic and/or environ- 
mental factors. Hammer and Sjoqvist (7) administered a uniform 
dose of the antidepressant desipramine (25 mg. three times daily) 
to a series of subjects until their plasma drug levels were at a steady 
state. These investigators found a marked variation in the plasma 
levels of desipramine as well as in the therapeutic response of the 
subjects. The knowledge of the plasma levels of drugs in the area 
of CNS pharmacology is of great importance since, in most cases, 
only subjective effects can be measured in the evaluation of a new 
drug. Thus, a drug that appears to be a therapeutic failure may 
in fact not have been given a fair trial since the drug may not have 
been administered in sufficient doses. Likewise, a drug that in the 


'M. Perez-Reyes, M. A. Lipton, and M. E. Wall, unpublished obser- 
vations, 1971. 


metabolite Y 7 (nontoxic) 


drugX dog 


1 
metabolite Z 
(toxic) 


Scheme I-Hypothetical example of species variation in 
drug metabolism 


initial studies appears to have intolerable side effects in a few pa- 
tients may actually be the result of excessive levels and, after read- 
justment of the dose, may prove to be an effective, well-tolerated, 
therapeutic agent. In the efficacy Phase I1 studies, plasma drug levels 
should be measured, whenever feasible, to avoid discarding po- 
tential new drugs. 


The bioavailability of new formulations or routes of administra- 
tion should be assessed during all phases of clinical pharmacology. 
The investigation of timed-release preparations or other dosage 
forms of an investigational new drug or a marketed drug should 
be accompanied whenever possible by data that, in fact, the drug 
is absorbed and that the plasma levels and pharmacological effects 
are what would be expected. (For example, after timed-release 
medication, the plasma levels and pharmacological effects should be 
maintained for a longer duration.) Again, information of this type 
obtained from clinical studies enables the pharmaceutical chemist 
to modify the formulation, if necessary, to deliver the desired dose 
over the desired duration. 


METABOLISM 


The importance of drug metabolism studies in man is obvious 
since species variation in the metabolism of drugs is not uncommon. 
Preclinical studies may reveal that a potentially useful drug is 
metabolized uia different routes in different species. Considering a 
hypothetical case (Scheme I), Drug X is metabolized in the rat to 
Y ,  a nontoxic metabolite, while in the dog Drug X is metabolized 
uia adifferent pathway to metabolite Z ,  which shows marked toxicity. 
It is then essential that in early Phase I studies, metabolic studies 
using radiolabeled drug (or, alternatively, nonradiolabeled drug if 
the assay method is sensitive enough) be undertaken to determine 
what the metabolic pathway is in man. In fact, in this case it is the 
responsibility of the investigator in early Phase I to be sure that the 
toxic metabolites are not formed in substantial quantities since, in 


OCHj 


methoxamine 


OH NH 
OCH, I 


H$ - C - CHj 
I 


CH3 
butoxamine 


Scheme 11-Structures and metabolic iiiterrelarionships between 
N-isopropylmerhoxamine and butoxamine (N-tert-butylmethox- 


amine) and methoxamine 
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certain individuals, this latter pathway might be predominant and 
may lead to marked toxicity. 


Knowledge of the metabolic pathway of a drug can be of value to 
medicinal chemists when structurally altering a drug in an attempt 
either to retard its metabolism, thereby prolonging its pharmacologic 
effect, or to prevent the formation of undesirable metabolites which 
may be associated with untoward side effects. N-Isopropylmethox- 
amine, an analog of methoxamine (Scheme II), was studied clinically 
as an agent that would lower plasma free fatty acids. This drug was 
effective in its desired therapeutic effect; however, it produced 
marked side effects including hypertension and reflex bradycardia. 
Metabolic studies revealed that in animals a significant percentage 
of the drug is N-dealkylated to methoxamine, a potent pressor drug2 
(8). The substitution of an N-reri-butyl group for the N-isopropyl 
group prevented this dealkylation and butoxamine, the resulting 
compound, was then extensively studied in man (9,lO). 


The importance of drug metabolism in the development of new 
drugs cannot be overemphasized if one considers that a potentially 
active drug may be only a precursor and may, in fact, be converted 
to the active form in vivo. After the oral administration of A9- 
tetrahydrocannabinol (1 l), a relatively low concentration of the 
parent drug is found in plasma (Fig. 2). The majority of the material 
is present in the form of metabolites which show a good temporal 
relationship to the psychological effects of AD-tetrahydrocannabinol. 
From the standpoint of drug development, it would be beneficial to 
know if an active metabolite were formed so that this compound 
might be clinically evaluated. 


The metabolism of levodopa, the antiparkinson drug, depicts an 
example of the clinical usefulness of data obtained from basic met- 
abolic studies. Levodopa is metabolized by the ubiquitous enzyme 
dopa decarboxylase. In early clinical trials (12), large doses had to be 
employed to achieve the desired therapeutic effect. However, with 
these large doses, marked side effects were in evidence due to de- 
carboxylation of the drug in peripheral tissues, and excess doses 
were required to get sufficient quantity of material to the site of ac- 
tion (the brain). Knowledge of levodopa metabolism led to clinical 
trials of dopa with specific peripheral decarboxylase inhibitors, allow- 
ing the dopa to enter brain tissue where it was subsequently de- 
carboxylated to dopamine. As a result, the dose of dopa was reduced 
severalfold and many of the side effects were diminished ( 1  3-15). 


Species differences in drug metabolism play a significant role in 
drug interactions. Amphetamine is metabolized primarily by para- 
hydroxylation in rats, while in man the major route is by deamina- 
tion (Scheme 111) (16). In rats the half-life of amphetamine in brain 
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* A. Klutch, A. H. Conney, and J. J. Burns, unpublishedobservations. 
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Figure 3-Plasma levels o f  3H-amphetamine in a subject after pre- 
treatment with haloperidol, or cklorpromazine, or without any pre- 
medication. Subjects were given sodium bicarbonate to maintain 
urine at an alkaline p H  (Lemberger and Davis, unpublished obserua- 
tions). 


and whole body can be increased by pretreatment with chlorproma- 
zine (17). In contrast, chlorpromazine had no significant effect on 
the plasma half-life of human subjects whose urine was maintained 
at an alkaline pH (Fig. 3). Thus, before drawing conclusions con- 
cerning the interactions of drugs, the studies must ultimately be done 
in man. 


EXCRETION 


The excretion of a drug by the kidney or liver may play an impor- 
tant role in the plasma levels of the drug and on its therapeutic or 
toxic effects. Using Ag-tetrahydrocannabinol as an example, Agurell 
et ul. (18) showed that the rabbit rapidly excretes Ag-tetrahydrocan- 
nabinol in the urine (Fig. 4). This is reflected by the shorter plasma 
half-life in this species than in either man (4) or rat (19) who excrete 
the drug primarily in the bile. 


The importance of urinary pH on the excretion and metabolism 
of amphetamine has been studied in several laboratories (20, 21). 
Since most drugs are either weak anions or cations, their plasma 
levels and the duration of pharmacological effects can be indirectly 
influenced by the urinary pH. These principles are used in the treat- 
ment of overdosages by agents such as amphetamines or barbitu- 
rates. 


An example of the importance of renal function in drug evaluation 
in man is seen in the development of new antibiotics since, in high 
concentrations, they may be toxic to the host as well as to the para- 
site. It is, therefore, important to attempt to monitor plasma levels 
of the drug either chemically or by bioassay techniques. This is 
especially true of individuals with advanced renal disease who re- 
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Scheme Ill-Metabolic pathways for amphetamine in man and several animal species 


quire chemotherapy for Gram-negative infections for which a new 
antibiotic is being evaluated. 


DRUG INTERACTIONS 


In the latter phase of clinical evaluation of potential therapeutic 
agents, the need exists to determine i f  there will be any significant 
drug interactions with other known agents frequently used concur- 
rently for a specific disease state. The best known example of this is 
the interaction of the coumarin anticoagulants with other drugs (22). 
In this instance, the mechanism of the interaction has been exten- 
sively studied and can be secondary to the displacement of these 
anticoagulants from plasma protein or secondary to an effect on 
their metabolism. Another type of drug interaction is simply of 
chemical or physical nature. Interactions of this type may occur due 
to ingredients in a new formulation or from the simultaneous ad- 
ministration of incomoatible drum-the well-known example of 
tetracyclines with certa;n antacids. - 
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In addition to interactions with other drugs, interactions with 
normal body constituents or naturally occurring compounds such 
as foods may be of importance. For example, certain cheeses and 
other foods are rich in the biogenic amine tyramine. This amine I $  


normally metabolized in the liver by the enzyme MAO. In several 
instances, patients being treated for depression or hypertension with 
M A 0  inhibitors ingested cheese and evidenced severe hypertensive 
crises, resulting sometimes in death. An awareness of possible drug 
interactions is essential to avoid catastrophic toxic effects resulting 
in the liquidation of potentially useful drugs during their develop- 
ment or after they have been marketed. 


The effect of drugs on laboratory tests has also been of concern to 
clinical investigators. In some instances, the administration of cer- 
tain drugs can result in artifactual laboratory values which can be 
frightening to the uninitiated or unaware investigator. 


During efficacy studies, in those cases where the test drug is given 
on a long-term basis as in the treatment of hypertension, epilepsy, 
or psychotic states, it is important to substantiate by plasma levels 
if the drug is inducing its own metabolism with the resultant de- 
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Figure 4-Excr~~tiotr patterns of radioactivity in man, rabbit, and rat after the administration of radiolabeled AQ-tetrahydrocannabinol. (Left) 
Compurison oJ' the rumulatice excretion of radioactivity in chronic marijllana users and nonusers after the intravenous injection of lac- 
Ag-tetrahydrocanrrabinol. (Center) Cumulative excretion of radioactivity in the rabbit after the intravenous administration of l4C-A9- 
tetrahydrocannabinol (18).  (Right) Cumulative excretion of radioactivity in rhe rat after the intravenous administration of 14C-A8-tetrahydro- 
cannabinol(l9). 
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crease in therapeutic effect. The monitoring of plasma drug levels 
provides the clinical pharmacologist with analytical data, allowing 
him to increase the dosage to achieve and maintain the optimum 
plasma level for producing sustained therapeutic effects. 


In conclusion, the role of drug metabolism and drug development 
at the stage of the clinical trial is as essential, if not more essential 
than, during the early stage of a drug’s development. Perhaps the 
major reason for clinical pharmacology having obtained recognition 
as a clinical science has been its close collaboration and interaction 
with analytical chemistry, medicinal chemistry, toxicology, phar- 
maceutical chemistry, and biochemical pharmacology. 
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Antitumor Activity of Bursera schlechtendalii (Burseraceae) : 
Isolation and Structure Determination of Two New Lignans 


P. B. McDONIEL and J. R. COLE’ 


Abstract 0 Bursera scIiIe~Ii~e~idu/ii (Burseraceae) has shown anti- 
tumor activity against the 9KB (adenocarcinoma of nasal pharynx) 
test system. Two new lignans isolated from the biologically active 
plant fraction were identified as (-)-tm~i~-2-(3”,4”,5”-trimethoxy- 
benzyl>3-(3’,4’-methylenedioxybenzyl)butyrolactone and ( -)- 
f rum - 2 - (3”,4“ - dimethoxybenzyl) - 3 - (3’,4‘ - methylenedioxy- 
benzy1)butyrolactone. In addition, the triterpene a-amyrin was 
isolated from the active fraction. 


Keyphrases 0 Lignans-isolated from Bitrseru sc / i /ec l i fe / i~~~~i i i ,  
structure determination 0 Brrrseru sc/ilec/ite/idnlii (Burseraceae)--- 
isolation and structure determination of two new lignans 0 Anti- 
tumor activity-isolation and structure determination of two lignans 
from Bursera scliieclite~idulii 0 a-Amyrin-isolated from Bursera 
sc/iiec/ire/idulii 


As a result of continuous screening of Southwestern 
plants for potential antitumor activity, it was found that 
the chloroform extract of the Mexican plant, Bursera 
schlechtendalii (Burseraceae)’ demonstrated antitumor 
activity in the 9KB (adenocarcinoma of nasal pharynx) 
test system of the Cancer Chemotherapy National 
Service Center at I mg./ml. Activity is defined as EDso 
5 10 mg./ml. for plant extracts ( I ) .  


By utilizing an elution chromatography system with 
an alumina column, it was possible to separate the 
plant extract into essentially two portions. The first 
contained a-amyrin, and the second contained a mix- 
ture of lignans. The lignans were subsequently isolated 
by utilizing a silica gel G dry column (2). They were 
identified (-) - trans - 2 - (3”,4”,5” - trimethoxy- 
benzyI)-3-(3 ’,4’-methylenedioxybenzyl)butyrolactone (I)  
and (-)-rran~-2-(3”,4”-dimethoxybenzyl)- 3 -(3’,4’- 
methylenedioxybenzy1)butyrolactone ( I  I ) .  


as 


DISCUSSION 


Compound I, -29.83” (CHClr, c 3.0%), has A:n’:’’ 286 
and 246 nm. (log e 3.52 and 3.76) and v~~~,T”’3 1770 (y-lactone) and 


I Identification confirmed by Robert J. Barr. College of Pharmacy, 
and  Dr. Charles Mason. Botany Department, University of Arizona. 
Tucson. A reference specimen was also de osited in the University of 
Arizona Herbarium. The sample utilized f% this study, consisting of 
only the stems and leaves, was collected near Puebla, Mexico. 


1582 (aromatic) cm:.’. Elemental analyses (C, H, and --OCH3) 
along with mass spectrometry, which suggested a molecular ion a t  
m/e 400, support the empirical formula C*2H?401. The NMR spec- 
trum was determined in CDC1, solution ( 1 5 z )  at  100 mc.; it 
indicated the presence of three methoxyl groups (T 6.23), a methy- 
lenedioxy (T 4.18). four benzylic protons (7 7.5). a methylene at- 
tached to the lactone oxygen ( T  5.8- 6.0), five aromatic protons ( r  
3.3-3.8), and two trans-protons a t  the C-2 and C-3 positions ( r  7.12 
and 7.20, doublet). 


By opening the methylenedioxy ring in I and methylating the 
resulting orh-hydroxy compound with diazomethane, (+)-trans- 
2 - (3”,4“,5” - trimethoxybenzyl) - 3 - (3’,4’ - dimethoxybenzy1)- 
b~ ty ro lac tone~  was formed. The methylenedioxy ring was opened 
in a sealed tube a t  175” after 7 hr. in the presence of potassium 
hydroxide and methanol, using a method established by Keimatsu 
and Ishiguro (4) with a related lignan. Comparative TLC using 
silica gel G (three systems), mass spectra, NMR spectra, and IR 
spectra of the authentic sample2 and the sample synthesized from 
Compound I were identical. The mass spectra of the samples 
showed molecular ions a t  m/e 416 and strong tropylium ions a t  
m/e 151 and 181 derived from the 3’,4’-dimethoxy- and 3“,4”,5“- 
trimethoxybenzyl units, respectively ( 5 ) .  The m/e 181 ion was the 
base peak in both spectra and was only slightly more intense than 
the m/e 151 ion, whereas the parent ion was very weak. The NMR 
spectra of both samples differed from Compound I by the absence 
of the methylenedioxy group (7 4.1) and addition of two methoxy 
groups ( r  6.18). The mass spectrum of Compound I revealed a 
strong tropylium ion, m/e 135, derived from the 3’,4’-methylene- 
dioxybenzyl unit; the m/e 181 ion was also the base peak in the 
mass spectrum of Compound I ( 5 ) .  


286 
and 246 nm. (log E 3.78 and  3.76) and Y ~ , ~ ~ ~ ’ ~  1770 (y-lactone), 
1600, and 1582 (aromatic) cm.-’. Mass spectrometry, which sug- 
gested a molecular ion at m/e 370, and elemental analyses support 
the molecular formula C21H2206. The NMR spectrum, determined 
in CDCI, solution (15%) a t  100 mc., indicated the presence of 
two methoxy groups ( T  6.18), a methylenedioxy ( r  4.12), four ben- 
zylic protons (T 7.9,  a methylene adjacent to the lactone oxygen 
(T 5.8--6.O), six aromatic protons ( r  3.2-3.6). and two tram-protons 
at  the C-2 and C-3 positions (T 7.06 and 7.12, doublet). 


The structure of Compound 11 was determined by showing that 
it differed from Compound I in that I1 lacked the 5”methoxy. The 
mass spectrum of I1 revealed a molecular weight 30 mass units less 


Compound 11, [a]::,.,. -45.26’ (CHCl,, c 3.8z),  has 


B 


111: m/e 123 IIIa: m/e 95 IIIb: m/e 77 


IV: m/e 123 ma: m!e 95 IVb: m/e 65 
Scheme I 


2 A sample of this compound was  provided by Dr. Harold MacLean. 
Department of Forestry and Rural Development, Vancouver, Canada 
(3) .  
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than I .  A methoxy determination supported this difference, as did 
the NMR spectrum, which indicated three less methoxy protons 
and an  additional aromatic proton. The base peak in the mass 
spectrum of Compound I1 was m/e 151, indicative of a dimethoxy- 
benzyl unit, whereas the base peak in Compound I was m/e 181, 
indicative of a trimethoxybenzyl unit (5). The m/e 151 ion in I1 
was only slightly more intense than the m/e 135 ion derived from 
the methylenedioxybenzyl unit. 


Mass spectral evidence was utilized to  establish that the methoxy 
groups in I1 were orrho by comparing the relative intensities of 
fragments m/e 123, 95, and 77 in I1 with the same fragments in 0-, 
m-, and p-dimethoxybenzenes (Scheme I). Both the 0- and p-di- 
methoxybenzenes lose a methyl radical to give stable and, hence, 
prominent quinoidal fragments, m/e 123. The m-isomer gives an 
ion of negligible abundance a t  m/e 123. The 0- and p-quinoidal 
fragments, m/e 123 (111 and IV, respectively), in turn lose carbon 
monoxide to give different m/e 95 fragments. The m/e 95 fragment 
derived from o-dimethoxybenzene (IIIa) subsequently loses water 
to give an m/e 77 fragment (1116). The m/e 95 fragment from p- 
dimethoxybenzene ( N u )  loses a CHzO group to give an  m/e 65 
fragment (IVh) (6). In the mass spectrum of 11, the abundance of 
the ions a t  m/e 123, 95, and 77 is in the same proportion as those 
recorded for o-diniethoxybenzene. 


The assignment of the methoxy groups in the 3",4"-ortho- 
position is supported by NMR evidence. Identical coupling con- 
stants of the 5"- and 6"-protons and the presence of an  isolated 
2"-proton leave no doubt that the methoxy groups are ortho and 
occupy the 3"- and 4"-positions. 


The orientation of the benzylic units relative to the lactone was 
established by considering the substituted 3-phenylpropene ion 
(Vu), which was shown to  have arisen in the mass spectrum of 
(-)-matairesinol (V) (Scheme 11) (5). 


The benzylic units could have been oriented as shown in I1 or 
as shown in VI (Scheme 111). If the benzylic units were oriented as 
in VI, the resulting 3-phenylpropene moiety would be m/e 192 
(VIu); however, for the benzylic units t o  be oriented as in 11, the 
analogous 3-phenylpropene moiety would reside with the 3',4'- 
dimethoxy unit, m/e 208 (VII). The mass spectrum of 11 suggested 
an ion a t  m/e 208 (7%) and only a relatively insignificant ion a t  
m/e 192, which indicate that the benzylic units are oriented a s  in 
!he structure proposed for Compound 11. The mass spectral data 
for Compound VI were reported, and it is significant to note that an 
m/e 192 ion was reported and an m/e 208 ion was not (7). 


To test the validity of using the 3-phenylpropene moiety t o  
determine the orientation of the benzylic units, Compound I1 was 
deuterated alpha to the carbonyl carbon. The mass spectrum of the 
deuterated compound showed that the intensity of the m/e 208 
fragment was decreased to 1-2%, the m/e 209 fragment was in- 
creased from 0 to 6%, and the m/e 192 fragment was unaffected. 
The molecular ion shifted from m/e 370 to 371, indicating that only 
one proton was replaced by deuterium. This was supported by the 
NMR spectrum of the deuterated compound where the integration 
of the doublet in the 7.06-7.12 region of I1 decreased from two pro- 
tons to slightly more than one proton. The authors are, therefore, 


+* 


OCH, 
VI: m/e 370 OCH, 


VII: m/e 208 
Scheme III 


confident that the 3-phenylpropene moiety can be used in deter- 
mining the orientation of the benzylic units in the butyrolactone 
series of lignans. 


It was not surprising to find a-amyrin in this species of Bursera, 
since it had been reported (8) in other Bursera species. The identi- 
fication was made on the basis of mixed melting point; superim- 
posable IR, NMR, and mass spectra; preparation of the acetate 
derivative; and comparison of R, values with an authentic specimen 
utilizing TLC, silica gel G, 0.3-mm. plates. The solvent systems 
employed were dichloromethane-benzene-ethyl acetate (3 : 6: l), 
dichloromethaneeether (30 : I), and chloroform-benzene-acetone 
(5:6:1). 


EXPERIMENTAL3 


Materials-Silica gel G (Merck) was utilized in the dry column 
and TLC. 


Extraction-The dry stems and leaves of B. srhlechteridulii 
(Burseraceae) were ground to a coarse powder in a Wiley mill. 
Fifteen kilograms of the dried powder was extracted with chloro- 
form [22.8 1. (6 gal.)] in a Lloyd extractor, yielding 1.24 kg. ofcrude 
extract. 


Isolation-One hundred grams of this crude extract was dis- 
solved in chloroform, absorbed over 450 g. alumina (grade 111) in 
hexane, and eluted with hexane exhaustively. The eluate was dis- 
carded. The column was then eluted with hexane containing in- 
creasing concentrations of benzene (9 : 1,  8 : 2, . . . until 3 : 7). The 
elution was then continued with dichloromethane as eluant until 
the eluate gave no more solid material. 


a-Amyrin-The hexane-benzene eluate (3 : 7), after removal of 
the solvent, yielded 3.1 g. of solid material. This material was 
treated with chloroform; the chloroform-soluble fraction, on 
evaporation of the solvent, yielded crude a-amyrin. The a-amyrin 
was crystallized from ethanol and had a melting point of 183". 
Identity with an authentic sample was established by mixed melting 
point; TLC, IR, and mass spectra; and preparation of the acetate 
derivative, m.p. 226" [lit. (9) m.p. 225-226"]. 


Lignans I and 11-The dichloromethane eluate, after evaporation 
of the solvent, yielded 5.5 g. of lignan mixture ( I  and 11). The 
two lignans were separated in a pure form, employing the silica gel 
G dry column technique (2) and dichloromethane-benzeneeethyl 
acetate (3:6:1) as eluant. 


Lignan I-This was identified as (-)-rram-2-(3",4",5"-tri- 
methoxybenzyl) - 3 - (3',4' - methylenedioxybenzy1)butyrolactone; 
[a]& ~~ -29.83' (CHC13, c 3.0%); 286 and 246 nm. (log t 
3.52 and 3.76); vE:la: 1770 (y-lactone), 1600, 1582, 1450 (aro- 
matic), 3010, 1460, 1340, 1250, 1140, and 1020 (CHaO and CHZO) 
an-'; NMR: 6.23 (9H, CH,O), 4.18 (2H, methylenedioxy), 7.5 
(4H, benzylic), 5.8-6.0 (2H, CH2 adjacent to the lactone oxygen), a 
doublet at  7.12 and 7.20 (rruns-2H, C-2 and C-3). and 3.3-3.8 (5H, 


3 Specific rotations were measured on a Zeiss OLD 4 polarimeler 
using a 1-dm. cell. UV spectra were obtained using a Beckman DB-G 
spectrophotometer. 1R spectra were obtained on a Perkin-Elmer Infra- 
cord model No. 137. Elemental analyses (C, H, and -0CH3) were per- 
formed by Huffman Laboratories, Wheatridge, Colo. Mass spec- 
trometry was done on the Hitachi Perkin-Elmer RMU-6E mass spectro- 
photometer. NMR spectra were run on the HA 100 manufactured by 
Varian Associates; tetramethylsilane was used as the internal standard. 
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aromatic); mass spectroscopy: fragments a t  tn/e 385, 265, 238, 219, 
181 (base peak), and 135. 


And--Calc. for CnH2,G: C, 66.00; H, 6.00; mol. wt. 400. 
Found: C, 66.85; H, 6.25;  CHIO, 22.02; m/e 400. 


Lipian II-This was identified as (-)-tram-2-(3”,4”-dimethoxy- 
benzy1>3-(3 ’,4’-methylenedioxybenzyl)butyrolactone; [& ” ~ .  
-45.26” (CHCI,, c 3.8%); A:;:”: 286 and 246 nm. (log e 3.78 and 
3.76); v:;?”: 1770 (y-lactone), 1600, 1582, 1450 (aromatic), 3010, 
1460, 1340, 1250, 1140, and 1020 (CHaO and CH20)  cm.-I; NMR: 
6.18 (6H, CHaO), 4.1 2 (2H, methylenedioxy), 7.5 (4H, benzylic), 
5.8-6.0 (2H, CH? adjacent to the lactone oxygen), a doublet at  
7.06-7.12 (trati~-2H, C-2 and C-3), and 3.2-3.6 (6H, aromatic); mass 
spectroscopy: fragments a t  tn/e 235,  219, 208, 151 (base peak), 135, 
123, 95, and 77. 


Ana/.-Calc. for C?,HnOe: C, 68.10, H, 5.94; mol. wt. 370. 
Found: C, 68.15; H, 6.07; CH,O, 16.36; m/e 370. 


Deuterium Exchange of Compound 11---A small piece of sodium, 
about the size of a pinhead. was placed cautiously into 1 ml. of 
D?O; 70 mg. of Compound I1 was dissolved in a minimal amount of 
tetrahydrofuran and this was added to the sodium-D20 reaction 
mixture. Additional tetrahydrofuran was added until the reaction 
mixture was homogeneous. The mixture was allowed to stand over- 
night at room temperature; excess D20 was added to the reaction 
mixture, followed by extraction with chloroform. Drying of the 
chloroform extract over anhydrous magnesium sulfate and evapora- 
tion yielded 50 mg. of I1 deuterated alpha to the carbonyl carbon. 


Preparation of (f)-trans-2-(3”,4”,5“-Trimcthoxybenzyl)-3-(3’, 
4’-dimethoxybenzyl)butyrolactone from I--Compound 1 ( 100 mg.) 
was placed in a Pyrex tube, sealed at  one end (8 mm. in diameter), 
along with 0.8 ml. of methanol and 200 mg. of potassium hydroxide. 
The tube was sealed and placed in an oil bath maintained a t  175” 
for 7 hr. Upon completion of heating, the tube was allowed to cool 
and was opened. After adding excess water, the reaction mixture 
was extracted with three 5-ml. portions of chloroform, and the 
chloroform extract was discarded. The aqueous layer was acidified 
with 5z aqueous hydrochloric acid and again extracted repeatedly 
with 5-ml. portions of chloroform. The combined chloroform ex- 
tracts were dried over anhydrous magnesium sulfate, and the sol- 
vent was removed under vacuum (4). The residue was taken up in 
methanol and methylated with diazomethane prepared from N- 
methyl-N’-nitro-N-nitrosoguanidine (1  g.) and 40% aqueous 
potassium hydroxide ( 5  ml.) covered with ether (19.7 rnl.)‘. The 


product of this reaction was applied to TLC along with the authen- 
tic sample; the portion of the reaction product that corresponded 
to the authentic sample was purified by preparative silica gel G 
(0.5 mm.) TLC, yielding 30 mg. of product. The solvent system 
used was dichloromethane-benzene -ethyl acetate (3 :6:  1). 
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Photochemical Studies of Marijuana (Cannabis) Constituents 


WILLIAM H. ALLWARDT*, PHILIP A. BABCOCKt, ALVIN B. SEGELMANt, and JOHN M. CROSS*A 


Abstract 0 The marijuana (Cannabis) constituents, cannabidiol, 
( -)-Ag-tram-tetrahydrocannabinol, and (-)-A*-!ratzs-tetrahydro- 
cannabinol were found to be photoreactive. The only interconver- 
sion of these cannabinoids detected by GLC, however, was the 
conversion of cannabidiol to ( -)-Ag-trans-tetrahydrocannabinol. 
From a photoreaction mixture obtained by the irradiation of can- 
nabidiol, a sample of ( -)-AB-tratis-tetrahydrocannabinol was iso- 


lated and identified by GLC, optical rotation, NMR, and mass 
spectrometry. A yield of 16% was obtained. The activating energy 
for the conversion appears to be in the 235-285-nm. wavelength 
area. 
Keyphrases G Marijuana constituents--photochemical study [? 
Cannabis constituents-photochemical study 0 Cannabidiol- 
photoreactions 0 Tetrahydrocannabinols- -photoreactions 


Although a number of reports have dealt with the the presence of oxygen. These authors also observed the 
photoreactivity of various cannabinoid substances, the photoreactivity of cannabidiol in the absence of oxygen 
first definitive work i n  this area was done by Shani and (1). In the latter study, various transformation products, 
Mechoulam ( 1 ,  2). Those authors showed clearly that including ( -)-A9-frawtetrahydrocannabinol, were 
cannabidiolic acid undergoes an intramolecular photo- shown to form when solutions of cannabidiol in  differ- 
oxidative cyclization when irradiated with UV light in  ent solvents were exposed to UV radiation for rather 
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Synthesis of 
9- (3,4-Dimethoxyphenoxy) -1,2,10-trimethoxyaporphine 


KENNETH D. PAULL, ROBERT R. ENGLE, LI-MING TWANMOH, 
HARRY B. WOOD, Jr., and JOHN S. DRISCOLL' 


Abstract 0 The reactions leading to the preparation of a penta- 
methoxyaporphine, a synthetic precursor to the cytotoxic com- 
pounds isolated from the genus Tlzalicfrum, are described. 


Key phrases IJ 9-( 3,4-Dimethoxyphenoxy)-1,2,10-trimethoxyapor- 
phine-synthesis 0 Aporphines, pentamethoxy-synthesis of 9- 
(3,4-dimethoxyphenoxy)-1,2,10-trimethoxyaporphine Tlidictrum 
cytotoxic alkaloids, synthetic precursor-synthesis of 9-(3,4-di- 
methoxyphenoxy)-l,2,1O-trimethoxyaporphine 


The cytotoxic effects (1) of the alkaloids thalicarpine 
( 2 ) ,  hernandaline (3), thalmelatine, and other aporphine 
benzylisoquinoline alkaloids have been reported. The 
interest in these structures led us to seek an efficient 
synthetic route to thalicarpine. However, a recent total 
synthesis of this molecule (4), reported without experi- 
mental detail, prompted us to report our findings at  
this time and turn our attention toward other antitumor 
agents of interest synthetically. 


DISCUSSION 


The required aromatic halves of the diaryl ether 111 were both 
obtained by short processes from readily available materials. The 
intermediate 2-bromo-4-methyl-5-nitroanisole, I (Scheme I), was ob- 
tained in good yield (80%) by a Sandmeyer reaction. Baeyer-Villiger 
oxidation of veratraldehyde followed by ammonolysis of the formate 
ester gave the phenol 11. 


Heating a mixture of the bromo compound I and the phenol I1 
with aqueous potassium hydroxide in dimethylformamide gave 
reasonable yields of the diaryl ether 111. Unreacted I and the product 
111 were separated and purified by column chromatography. Yields 
of III based on converted I were 40-50z. 


Homoveratrylamine was converted into N-methyl-6,7-dimethoxy- 
3,4-dihydroisoquinolinium iodide, IV, by a three-step sequence of 
formylation in 98 formic acid (95 % yield), cyclization with phos- 
phorus pentachloride in chloroform (75 z), and methylation with 
methyl iodide (9473. 


Several base and solvent pairs were investigated for the alkyla- 
tion of IV with 111. One of the most convenient systems was tri- 
methylbenzylammonium hydroxide' in dry dimethylformamide. 
Conversion to V required long reaction times, but yields based 
on converted I11 were very good (>90%). 


Reduction of the nitro group in V was accomplished by a very 
convenient method, wherein an  aqueous solution of the hydro- 
chloride salt was treated with sodium hydrosulfite with the product 
VI isolated as the dihydrochloride. The diazotization of VI success- 
fully gave the aporphine VII but in poor yield. 


Compounds I-VII were evaluated in the leukemia L-1210 rodent 
tumor system following standard National Cancer Institute, 
Chemotherapy, protocols (7). None of the compounds tested was 
active in the doses and regimens employed. 


EXPERIMENTAL 


2-Bromo-4-methyl-5-nitroanisole ( I e A  suspension of 5-methyl- 
4-nitro-o-anisidine (50.0 g.) in 48 % aqueous hydrobromic acid 


(473 ml.) was stirred for 0.5 hr. a t  room temperature to disperse the 
acid-insoluble amine thoroughly. The stirred suspension was 
treated at  room temperature with a solution of sodium nitrite 
(19.2 g.) in water (100 ml.). Urea (1.0 g.) was added after 5 min. 
Cuprous oxide (30 9.) was added after an additional 5 min. A cool 
water bath was used to moderate this slightly exothermic step. The 


Br OCH, 


KOH 
dimethylformamide e 


OCH3 OCH3 
I I1 


CH, 02N+omocH OCH, 


CH,CH,NHCHO 


OCH3 
111 


1. PCI,/CHCl, 
&0CH3 2. CH31 


OCHB Iv 


I11 


Iv 
+ 1. trimethylbenzylammonium hydroxide/ dimethylformamide w 


2. Na2S,0, 


CH,O 


diazotization 


OCH3 
V: R =  NO2 
VI R=NH2 


VII 
Scheme I-Synthesis of Aporphbie VII 1 Tri ton B. 
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product appears within moments as a light-colored precipitate. 
The product was collected by filtration (sintered glass) after 0.5 hr., 
washed with water, 0.5 N sodium hydroxide solution, and then 
more water. It was then dissolved in benzene. The benzene solution 
was dried, filtered, and concentrated to a dark oil which was dis- 
tilled in U ~ C U O  to give 53.9 g. (80%) of product. One recrystalliza- 
tion from 95% ethanol gave light-yellow crystals, m.p. 85-86". 
Further recrystallization from the same solvent raised the melting 
point to 89-90" [lit. (4) m.p. 91-92"]. 


Anal.-Calc. for C8H8BrNO3: C, 39.05; H, 3.28; Br, 32.47; N, 
5.69. Found: C ,  38.96; H ,  3.09; Br, 32.48; N,  5.65. 


3,CDimethoxyphenol (iI)-A solution of veratraldehyde (120 g.) 
and p-toluenesdfonic acid monohydrate (0.16 g.) in anhydrous 
ether (500 ml.) was treated with m-chloroperoxybenzoic acid (154.2 
g.). Spontaneous reflux began after 0.5 hr. and ceased in 1.25 hr. 
After 3 hr., m-chlorobenzoic acid began precipitating; after 18 hr., 
the mixture was filtered. The filter cake was dissolved in 10% sodium 
sulfite solution and extracted with ether, and the extract was added 
to the filtrate. The solution was washed with three portions of 10% 
sodium sulfite solution, twice with water, and dried over anhydrous 
sodium sulfate. The ether was removed on a steam bath. Tritura- 
tion of the residual oil with absolute ethanol caused rapid crystalliza- 
tion of 55.0 g. ( 4 2 z )  of the formate ester, m.p. 56-57". N M R  
(CDCI,), p.p.m.: 8.24 (s, 1 ,  OCHO), 6.94-6.58 (m, 3, ArH), and 3.84 
(s, 6, OCHd. 


The formate ester (47.4 8.) was dissolved in concentrated am- 
monium hydroxide (210 ml.) under nitrogen. After 1 hr., the light- 
yellow solution was poured onto ice (100 8.) and acidified under 
nitrogen with concentrated hydrochloric acid (130 ml.). The cooled 
solution was filtered to give 30.2 g. of beigecrystals. The filtrate was 
extracted with ether to give an additional 4.95 g. of I1 (total 87"/,). 
The combined crops were distilled in uacuo (107" at 0.006 torr to 
150" at  0.06 torr) to give a colorless product, m.p. 79-80' [lit. ( 5 )  
m.p. 78-80']. 
5-(3,4-Dimethoxyphenoxy)-4-methoxy-2-nitrotoluene ( I I I F A  so- 


lution of potassium hydroxide (9.60 g.) in water (5.0 ml.) was added 
dropwise to a stirred solution o f  I(40.0 g.) and I1 (27.6 8.) in di- 
methylformamide (25.0 ml.) under nitrogen. The mixture was heated 
for 8 hr. at 126". Additional I1 (6.28 g.) and potassium carbonate 
(5.62 8.) were added, and heating was continued for 6 hr. The cooled 
mixture was diluted with ethyl acetate and washed with dilute 
sodium hydroxide, dilute hydrochloric acid, and saturated aqueous 
sodium chloride solutions. After drying (anhydrous sodium sulfate) 
and filtration, the solution was evaporated D 7  U ~ C U O  to give 47.5 g. 
of a black syrup. Two chromatographs on basic alumina (benzene 
and benzene-petroleum ether, 1: l )  gave 11.58 g. of I ,  m.p. 85-88", 
and 17.61 g. of 111 (48 %). Recrystallization of 111 from 95 % ethanol 
gave light-yellow crystals, m.p. 127-128" [lit. (4) m.p. 127-128"l. 
N M R  (CDCI,), p.p.m: 7.72 (s,  1, ArH), 6.86 [d, 1 (Jo  = 9 Hz.), 
ArH], 6.62 (s, 1, ArH), 6.56 [d, 1 ( J ,  = 2.5 Hz.), ArH], 6.54 [q, 1 
(.To = 9 Hz., J ,  = 2.5 Hz.), ArH], 3.94 (3, s, OCH,), 3.87 (3, s, 
OCH,). 3.82(3, s, OCH,),and 2.23 (3,s,CHa).  


And-Calc. for C16H1,N06: C ,  60.18; H ,  5.37; N, 4.39. Found: 
C ,  60.33; H, 5.44; N, 4.27. 
N-Methyl-6,7-dimethoxy-3,4-dihydroisoquinolinium Iodide (1V)- 


Homoveratrylamine was purified by distillation in uclcuo (94-97 O 
at 6-7 X lo-, torr). The colorless amine (72.57 8.) was refluxed 
with 98% formic acid (100 ml.) for 40 min., and then the excess 
formic acid was distilled (83 ml. collected). The clear, colorless 
residue was diluted ivith chloroform and washed with two portions 
of water, dilute sodium bicarbonate, and saturated aqueous sodium 
chloride solutions. The chloroform solution was dried over an- 
hydrous sodium sulfate, filtered, concentrated, and distilled in 
uacuo to obtain 79.36 g. (94%) of viscous, nearly colorless oil. When 
the Bischler-Napieralski cyclizatjon was carried out in benzene or 
toluene solution with phosphorus oxychloride, the best yield ob- 
tained was 40%;. When phosphorus pentachloride in chloroform 
was used, the product was obtained in much better yield and quality. 
Phosphorus pentachloride (48.1 8.) was added to a solution of 
homoveratrylamine formamide (40.3 9.) in chloroform (200 ml.) at  
room temperature.. After 65 hr., anhydrous ether (250 ml.) was 
added, causing a yellow precipitate of the hydrochloride salt. The 
precipitate was filtered, washed with ether, redissolved in chloro- 
form, filtered, and reprecipitated with anhydrous ether to give 33.6 
g. (7573 of product. The free base was obtained by basification of an 
aqueous solution with concentrated ammonium hydroxide. Extrac- 
tion with benzene and removal of the solvent gave a light-yellow 


oil which was essentially homogeneous on TLC. The free base 
(4.47 g.) was placed in a pressure bottle. A test tube containing 
methyl iodide (5 g.) was placed upright in the pressure bottle which 
was then sealed. Inverting the bottle mixed the two components. A 
vigorous reaction ensued which produced a light-yellow crystalline 
solid. The mixture was warmed 0.5 hr. on a steam bath, cooled, and 
triturated with anhydrous ether; the resulting light-yellow crystals 
were filtered to give 7.3 g. (94%) of IV, m.p. 187-193" [lit. (6) m.p. 
21&212"]. N M R  (DzO), p.p.m.: 8.72 (s, 1 ,  ArH), 7.08 (s, 1 ,  ArH), 


(J = 8 Hz.), NCH,], and 2.88 [t, 2 (J = 8 Hz.), ArCHg]. This mate- 
rial was found to be suitable for the next step without further puri- 
fication. In larger scale reactions, a different procedure was useful. 
The free base (70.7 9.) containing chloroform (7 ml.) was placed in a 
pressure bottle which was cooled in a dry ice-acetone bath. Cold 
methyl iodide (57.7 9.) was added, the pressure vessel was sealed, 
and the mixture was allowed to warm to  room temperature. The 
product was triturated with a mixture of benzene and ether and 
filtered to give 99.5 g. (81 %) of product, m.p. 189-196'. 
1-[5-(3,4-Dimethoxyphenoxy)-4-methoxy -2 - nitrobenzyl] - 1,2,3,4- 


tetrahy dro-6,7-dimethoxy-2-methylisoquinoline Hydrochloride ( V j -  
A solution of 111 (2.84 g.), IV (2.67 g.), and trimethylbenzylam- 
monium hydroxide (3.54 g. of 40% methanolic solution) in 50 ml. 
of dimethylformamide was stirred under nitrogen for 135 hr. at  room 
temperature. The reaction mixture was diluted with ethyl acetate 
(150 ml.), washed four times with 100-ml. portions of water, ex- 
tracted with three 100-ml. portions of 0.2 N hydrochloric acid, and 
washed once more with water (50 ml.). Unreacted 111 was recovered 
from the ethyl acetate solution by evaporation of the solvent after 
drying over anhydrous sodium sulfate. The recovered 111 was 
crystallized once from ethanol to give 0.65 g.,  m.p. 1255126". The 
product, V, was extracted as the hydrochloride salt from the com- 
bined aqueous acid extracts with four 100-ml. portions of chloro- 
form. The combined chloroform extracts were dried (anhydrous 
sodium sulfate), concentrated to dryness, and triturated with an- 
hydrous ether to give a light-tan powder (3.60 g., 94% based on 
converted 111). Recrystallization from absolute ethanol gave the 
pure bright-yellow hydrochloride salt, m.p. 128-1 30 '. NMR 
(CDCI,), p.p.m.: 7.75 (s, 1, ArH), 6.80 [d, 1 (Jo = 9 Hz.), ArH], 
6.60 [d, 1 (Jm = 2.5 Hz.), ArH]. 6.60 (s, 1, ArH), 6.38 [m, 1 (Jo  = 
9 Hz., J ,  = 2.5 Hz.), ArH], 6.31 (s, 1 ,  ArH), 5.58 (s, 1, ArH), 3.94 


OCH,), 3.44 (s, 3, OCH,), and 2.92 (s, 1, CH,). 


3.96 ( s ,  3, OCHa), 3.88 (s, 3, OCHI), 3.76 (s, 3, NCHa), 3.24 [t, 2 


(s, 3, OCHs), 3.83 (s, 3, OCHI), 3.81 (s, 3, OCHI), 3.78 (s, 3, 


Anal.-Calc. for C28H33CIN~08: C, 59.94; H, 5.93; N,  4.99. Found: 
C, 59.78; H. 6.19; N,  4.78. 
9-(3,4-Dimethoxyphenoxy)-l,2,10-trimethoxyaporphine Hydro- 


chloride (VII)-Sodium hydrosulfite (250 mg.) was added to  a stirred 
solution of the hydrochloride salt V (200 mg.) in 7.0 ml. of water. 
Aqueous 6 N hydrochloric acid (5 drops) was added after 5 min. 
The aqueous solution was treated with activated charcoal2, filtered 
through diatomaceous earth3, and extracted with chloroform four 
times. The combined extracts were dried (anhydrous sodium sul- 
fate), filtered, and concentrated to dryness. Trituration with dry 
ether gave VI as a dihydrochloride, m.p. 167-170.5" (180 mg., 90%). 
NMR(CDCL), p.p.m.: 7.54 (s, 1, ArH), 6.67 [d, I (Jo = 9 Hz.), 
ArH], 6.6-6.5 (m, 2, ArH), 6.3-5.8 (m, 3, ArH), 4.9-4.5 (broad, 3, 


( s ,  3, OCH,), 3.61 (s, 3, OCH,), 4-3.5 (broad, 5 ,  CH,), 3.2-2.6 
(broad, 2, CH,), and 3.04 (s. 3, NCH,). M+ ni/c 492,494. 


A solution of the dihydrochloride of VI (12.7 9.) in methanol(235 
ml.) and 3 N sulfuric acid ( 1  35 g.) was cooled to below 5 O and treated 
with a solution of sodium nitrite (2.2 8.) in water (10 ml.). The cold 
solution was stirred for 0.5 hr. and diluted with 10 N sulfuric acid 
(120 ml.), and the resulting solution was heated on a steam bath for 
0.5 hr. Zinc powder (25 8.) was added in small portions to the hot 
solution, and this suspension was refluxed another 35 min. The hot 
reaction mixture was filtered through diatomaceous earth (sintered- 
glass filter), and the filter was washed with hot water. The washings 
and the yellow filtrate were combined, chilled, and extracted with 
four 300-ml. portions of chloroform. The combined chloroform 
extracts were washed with saturated aqueous sodium chloride, 
dried (anhydrous sodium sulfate), filtered, and evaporated to dry- 
ness, giving 10 g. of an amorphous semisolid material. This was dis- 


NH3+), 3.88 (s, 3, OCH,), 3.82 (s, 3, OCH,), 3.80 (s, 3, OCH,), 3.78 


2 Norite. 
3 Celite. 
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solved in water, basified with potassium carbonate, and extracted 
with benzene. The free base was obtained by chromatography on 
basic alumina. Elution with benzene and methylene chloride gave 
0.85 g. (8%) of V[I. which was converted to the hydrochloride salt 
and recrystallized from n-butanol to give an  analytical sample de- 
composing at  213-215". NMR(CDC1, + D20), p.p.m.: 8.15 (s, 1,  
ArH), 6.85 [d, 1, (Jo = 9 Hz.), ArH], 6.68 (s, 2, ArH), 6.67 [d, 1, 
(J,n = 5 Hz.), ArH], 6.55 [q, 1, (Jo = 9 Hz., J ,  = 5 Hz.), ArH), 3.90 


3.9-3.7 (broad, 2. CH,), 3.5-2.7 (m, 4, CH2), 2.94(s, 3, NCH,). MC 
mje 475,417. 


Anal.-Calc. for C2B3,ClN06: C, 65.43; H, 6.28; N, 2.73. Found: 
C,  65.19; H,  6.20; N, 2.96. 


( s ,  6. OCHJ, 3.88 ( s ,  3, OCHa), 3.85 ( s ,  3, OCHI), 3.70 ( s ,  3, OCHB), 
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Synthesis of Pyrazine Derivatives as Potential 
Hypoglycemic Agents 


V. AMBROGI, K. BLOCH, S. DATURI, W. LOGEMAN", and M. A. PARENT1 


Abstract 0 A series of new pyrazine derivatives was synthesized 
and screened for hypoglycemic activity. Some of these compounds 
showed weak activity at high dosage levels. Pyrazinoyl-4-ethyl- 
thiosemicarbazide was active both in mice and rats. 


Keyphrases 0 Pyrazine derivatives-synthesized and screened as 
potential hypoglycemic agents 0 Hypoglycemic agents, potential- 
synthesis and pharmacological screening of pyrazine derivatives 0 
Pyrazinoyl-4-ethylthiosemicarbazide-synthesis, tested as potential 
hypoglycemic agent 


Previous reports from this laboratory on hypogly- 
cemic drugs showed that certain substituted pyrazine 
phenylsulfonylureas possess high antidiabetic activity 
at very low dosage levels. The most favorable com- 
pound of this series was N-  { 4-[8-(5-methylpyrazine-2- 
carboxamido)ethyl]benzenesulfonyl} -N'-cyclohexylurea 
or glipizide(I)(l-4). 


Contrary to the other known phenyl-substituted sul- 
fonylureas, the pyrazineamide moiety of this molecule 
shows a certain hypoglycemic activity (5). Based on 
this observation, the authors synthesized a series of 
pyrazine derivatives without the sulfonyl moiety in the 
molecule for screening for hypoglycemic activity. 


Among other derivatives, compounds obtained by 
introduction of the pyrazine moiety into compounds 
not belonging to the sulfonylurea class were studied, 


whose antidiabetic activity was known from the liter- 
ature. It was hoped that this activity could be increased. 
Thus, the authors synthesized 5-pyrazinyl-4-alkyl- 
4H- 1,2,4-triazole-3-thiols. The corresponding 5-phenyl 
derivatives, according to Mhasalkar et a].  (6), showed 
a hypoglycemic activity comparable to tolbutamide. 
In this paper the synthesis of some corresponding 
pyrazine oxadiazoles and thiadiazoles is also described. 


3-Mercapto-5-(2-pyrazinyl)-4-ethyl- 4H-  1,2,4 - tri- 
azoles were synthesized from the corresponding thio- 
semicarbazides by cyclization with sodium hydroxide, 
according to Girard (7), to  obtain the 3-mercapto- 1,2, 
4-triazoles from acyl thiosemicarbazides. The requisite 
thiosemicarbazides were obtained by reacting acid hy- 
drazides and ethyl isothiocyanate as shown in Scheme I. 


2-Mercapto-5-(2-pyrazinyl)- 1,3,4- thiadiazoles were 
obtained from potassium salts of the corresponding 
3-pyrazinoyldithiocarbazic acid by cyclization with 
concentrated sulfuric acid, according to Y oung and Wood 
(8). Potassium salts were obtained by treating the re- 
quisite hydrazides with carbon disulfide and potassium 


6 3 5  


Scheme I 
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movement phenomena and it liberates and absorbs ions (Na+, K+, 
C1-, and HCO,-) t o  maintain in its environment an ionic composi- 
tion similar to that of interstitial extracellular fluid. However, it is 
possible to perform studies under controlled pH conditions, if one 
compromises tonicity (tromethamine buffer, pH 7.95 f. 0.005. buffer 
capacity = 0.225). It also appears that studies a t  various pH’s will 
be possible using the same system under postmortem conditions. 


(14) L. J. Leeson and M. Brown,J. Pharm. Sci., 55,431(1966). 
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Enzyme Induction of Organic Nitrates I: 
Nitroglycerin In Viuo Experiments 


W. A. RITSCHELA, G. RITSCHEL-BEURLIN, and T. E. ELING 


Abstract 0 Upon oral administration of nitroglycerin-proxy- 
phylline tablets with timed release to humans, it was observed that 
the nitroglycerin blood levels declined after the 5th day. Experi- 
ments in rabbits and mice were performed to clarify whether this 
phenomenon is caused by enzyme induction. Oral administration 
of 0.1 and 0.2 mg./kg. nitroglycerin to rabbits caused a decrease in 
the peripheral maximal temperature rise. The decline in pharma- 
cological action depends on dosage and apparently follows first- 
order kinetics. Pretreatment of mice with either nitroglycerin or 
pentobarbital caused a similar decrease in pentobarbital sleeping 
time, indicative of enzyme induction. However, in contrast to the 
hepatic response elicited by barbiturate pretreatment in which 
the liver weights increased, nitroglycerin caused a significant de- 
crease, thereby suggesting a different mechanism of action for the 
vasodilator. 


Keyphrases 0 Enzyme induction of organic nitrates-nitroglycerin, 
rabbits, mice 0 Nitroglycerin-enzyme induction, rabbits, mice 0 
Vasodilation, nitroglycerin-enzyme induction, rabbits, mice 


Although nitroglycerin is well established in the 
therapy of angina pectoris, its oral absorption has long 
been questioned. Salter (1) stated that nitroglycerin is 
not decomposed by the gastric juice, but its rate of 
absorption is slow. Sollmann (2) mentioned that nitro- 
glycerin is more potent when administered buccally 


instead of orally, because by the latter route nitro- 
glycerin is absorbed into the portal circulation and then 
destroyed by the liver. That nitroglycerin is also ab- 
sorbed-at least in the rabbit-when given orally was 
shown by Turner (3), Lorenzetti et al. (4), and Bogaert 
et al. (5). Ritschel and Clotten (6) proved oral absorp- 
tion of nitroglycerin in  humans, calculating (7) a bio- 
logical availability of orally given nitroglycerin of 36 
and 5 5 %  for doses of 0.8 and 1.6 mg., respectively, to  
adults compared to  the blood levels upon buccal ab- 
sorption. 


Since nitroglycerin is especially valuable when used 
prophylactically (8, 9), several oral timed-release ni- 
troglycerin preparations have been developed, clinically 
tested, and marketed (10-18). By using an oral timed- 
release proxyphylline preparation (19-22), nitroglycerin 
was incorporated into this formula and biopharmaceu- 
tically evaluated (6, 7) ;  it was found that the nitrate 
plasma level decreased after the 5th day (Fig. 1). This 
observation led to  the suspicion of a possible enzyme 
induction (23). 


To study the possibility of enzyme induction (23), 
further experiments were performed using a pharma- 
cological parameter other than plasma levels, because 
there seems to  be no correlation between hypotensive 
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Figure I-Nitrate plasma level upon oral administration of a timed- 
release nitroglycerin (5.0 mg.)-proxyphylline (490 me.) tab/et (6, 7) .  
Key: L ,  oral administration of one tablet of timed-release nitro- 
glycerin; z, dosing interval of I2 hr.; ., C;,,,,, minimum nitrate 
plasma concentration just before administration of the next dose; 
W, additional blood levels determined; and 0, computed maximum 
nitrate plasma concentration CLaz. 


action of certain aliphatic nitric acid esters and the 
amount of nitrate and nitrite ions in the plasma (24). 
Onset and action in small doses of organic nitrates are 
observed to be as rapid as inorganic nitrate, and the 
clinical effects do not correlate with an elevation of 
blood nitrite (25). 


The effects of nitroglycerin on peripheral (noncoro- 
nary) vessels were of particular interest pharmacologi- 
cally, because at least part of nitroglycerin's efficacy 
seems to be due to its effect on the peripheral vasculature 
(26) .  First the method described by Turner (3) was used 
in observing the dilatation of the vascular bed of the 
rabbit's ear, but it has not been very successful in 
quantifying vasodilatation. Therefore, rectal temperature 
measurement was then used, employing a thermo probe. 


Enzyme induction was determined by using sleeping 
time in mice upon administration of barbiturates, which 
induce hepatic enzymes as described by Conney (27) 
and Remnier (28). The test for increase in liver weight, 
which has been observed upon enzyme induction with 
barbiturates (28), was used to determine whether ni- 
troglycerin is metabolized by the same system as barbi- 
turates. 


METHODS 


Vasodilatation-Male, New Zealand, white rabbits, weighing 
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Figure 2-Typical jlictuating temperature curce upon nitroglycerin 
administrution. 0. I mg./kg. orally, on 7th day of administration. 
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Figure &Semilog plot of pharmacological decline of peripheral 
temperature. Key: 0, 0.2 mg./kg. nitroglycerin; and 0, 0.1 mg./kg. 
nitroglycerin. 


2.55-3.06 kg., were used in this study. The rabbits were maintained 
in the same room with pelletized standard food and water ad libitum 
and were assigned to  two groups of three each. Both groups re- 
ceived nitroglycerin in aqueous solution orally by means of a 
stomach catheter (to avoid any buccal absorption), and the tube 
was rinsed after administration with 3 ml. distilled water. The 
administration was repeated at exactly 24-hr. intervals for 7 days. 
One group received a daily dose of 0.1 mg./kg.; the other received 
0.2 mg./kg. After nitroglycerin administration the rabbits were kept 
in a restraining box and the rectal temperature was measured using 
a tele-thermometer1 for a period of 2 hr., taking temperature 
readings at  2-min. intervals. The normal body temperature, as 
measured before the nitroglycerin administration, was subtracted 
from the readings and the result was recorded as At in degrees 
Centigrade. 


Sleeping Time-White, inbred, male Swiss Webster mice of the 
same age, with a body weight of 31.6-35.4 g. (mean body weight 
32.91 g.), were maintained in the same room with pelletized standard 
food and water adlibiturn. They were divided into four groups of 40 
mice each. The control group received 50 mg./kg. sodium pentobar- 
bital intraperitoneally. The second group was pretreated with 
carbon tetrachloride once daily for 5 days. For pretreatment the 
mice were put in a closed jar with a cotton pledget soaked in carbon 
tetrachloride until incoordination of movement was observed. 
Twenty-four hours after pretreatment, the mice got 50 mg./kg. 
sodium pentobarbital intraperitoneally. The third group was pre- 
treated with 40 mg./kg. sodium pentobarbital intraperitoneally 
once a day for 5 days. Twenty-four hours after pretreatment, the 
mice were given 50 mg./kg. sodium pentobarbital intraperitoneally. 
The fourth group was pretreated with 0.2 mg./kg. nitroglycerin 
orally by use of a stomach catheter once a day for 5 days. Twenty- 
four hours after pretreatment, the mice received 50 mg./kg. sodium 
pentobarbital intraperitoneally. Onset of sleeping time (loss of 
righting reflex) and duration were determined in minutes. 


Liver Weight-White, inbred, male Swiss Webster mice of the 
same age (40 days), with a body weight of 18.2-24.9 g. (mean body 
weight 21.6 g.), were divided into two groups of 20 mice each. The 
control group was given distilled water orally using a stomach 
catheter once a day for 10 days. The test group received 0.2 mg./kg. 
nitroglycerin in aqueous solution once a day by means of a stomach 
catheter for 10 days. Twenty-four hours after the last administra- 
tion, the mice were sacrificed and their body and liver weights were 
taken. 


RESULTS 


Vasodilatation-W hile recording temperature, fluctuations were 
observed which the authors attributed to redistribution phenomena 
from blood circulation into peripheral compartments and back 
into the central compartment. A typical temperature curve is shown 
in Fig. 2. The highest temperature differences, At, were plotted on 
semilog paper versus time in days. By assuming a first-order reac- 
tion for the decline in pharmacological effect, the rate constant k ~ '  
was calculated according to Eq. 1 : 


(Eq. 1) 
In At, - In At? k E )  = _____ 


d? - di 


1 Model 43, probe No. 408, Yellow Springs Instrument Co. 
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Figure 4--Sl~c,piiig time iir mice upoir peroral administration of 50 
mg./Xg. sodium periiobarbital. Key: C ,  coirtrol: PTCTC, preirent- 
melit wit17 carhoir tetrachloride; PTSPB, pretreatment wiih sodium 
pentohorbitul; PTNG, preireufmeirt wiih triiroglyceriu; 0, onsei: 
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where k ~ ’  = apparent first-order rate constant for decline of 
pharmacological effect, In Atl and In At2 = In of temperature differ- 
ences in degrees Centigrade at two different times after administra- 
tion of nitroglycerin orally, and dl and d2 = time interval in days. 


The semilog plot is given in Fig. 3. The decline in pharmacologic 
effect due to supposedly enzyme induction was found to  be k ~ ’  = 
0.126 [day-’] for the dose of 0.2 mg./kg. and k E ‘  = 0.080 [day-’] for 
the dose of 0.1 mg./kg. nitroglycerin. The enzyme induction ap- 
parently depends on dosage (29). 


Sleeping Time-The normal sleeping time of the control group 
after oral administration of sodium pentobarbital was 48.8 min. 
After treatment with carbon tetrachloride, which resulted in liver 
damage, the sleeping time after oral administration of sodium 
pentobarbital increased to 83.7 min. Upon pretreatment with so- 
dium pentobarbital (enzyme inducer), the sleeping time decreased to 
33.6 min. and with nitroglycerin to 35.0 min. Nitroglycerin seems to 
be an enzyme inducer for barbiturates. The results (mean of each 
group) are given in Fig. 4. 


Liver Weights-Body weights increased during the time of the 
experiment from 26.8 to  26.9 g. in the control group and to 27.7 g. 
in the test group treated with nitroglycerin. The mean liver weight 
in the control group after the experiment was 1.61 g., and that of 
the test group was 1.43 g. Statistically analyzed, the liver weights 
of the test group were significantly Iower(>99z) than in the control 
group. Nitroglycerin enzyme induction is apparently not associated 
with increased endoplasmic protein synthesis and differs in mecha- 
nism of enzyme induction from that of barbiturates. 


DISCUSSION 


The results show that nitroglycerin orally administered by use of 
a stomach catheter is absorbed as well in rabbits as in mice, 
causing peripheral vasodilatation measured by a rise in temperature. 
The pharmacological effect of vasodilatation decreases with re- 
peated doses. The decline apparently follows first-order kinetics 
and depends on dosage, i.e., the higher the dose, the higher the rate 


of decline. The decrease in pharmacological response as observed in 
animals seems to  have its parallel in humans, because a decrease in 
plasma levels has been found on multiple dosing and since it i s  
clinically well known that nitroglycerin’s efficacy decreases with 
continuing therapy. The anticipated explanation for that phenom- 
enon is enzyme induction (23-29), as supported by the recent find- 
ings of Bogaert e ta / .  ( 5 )  that on pretreatment with phenobarbital, 
nitroglycerin plasma levels were lower than in normal rabbits. 
Furthermore, there is a nitroglycerin-foreign enzyme induction in 
addition to  the nitroglycerin-autoenzyme induction, because pre- 
treatment with nitroglycerin results in the reduction of pento- 
barbital sleeping time. Yet, both enzyme-inducing substances, i.e., 
nitroglycerin and barbiturates, have apparently different mecha- 
nisms of enzyme induction as shown by theliver weight test. 


Further reports will deal with the microsomal study of enzyme 
induction of nitroglycerin and other organic nitrates, group enzyme 
induction of organic nitrates, mechanism of enzyme induction of 
nitroglycerin, and its clinical implications. 
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Figure 2--r-A curves for Copolymer 735. Key: A, water subphase; 
0, subphase containing p-hydroxybenzoic acid, I g.11.; and 0, sub- 
phase coritainirrg berizoic acid, 0.5 gJI. 


of the area occupied by each polymer unit and resulted in a surface 
pressure above that exhibited by the monolayer containing polymer 
only. 


Figure 1 shows that Copolymer 335 is .penetrated by benzoic acid 
but that the effect of p-hydroxybenzoic acid is quite small. Copoly- 
mer 735 interacts with both substances (Fig. 2); once again, benzoic 
acid is more strongly adsorbed than is p-hydroxybenzoic acid. 
Although both of these substances are bound by polyvinylpyr- 
rolidone in bulk solution, p-hydroxybenzoic acid is more strongly 
bound than benzoic acid (14,15); the opposite is true in the mono- 
layer experiments. It is possible that this difference is due to 
the more highly organized and spatially oriented structure which 
polymers assume at an interface (11). Benzoic acid, with a single 
hydrophobic group located at one end of the molecule, can assume 
an orientation in which the polar group is immersed in the subphase 
and the benzene ring extends above it in contact with nonpolar 
polymer groups. p-Hydroxybenzoic acid is not as easily accom- 
modated at the interface, because this molecule has a polar group 
at each end. 


Based on the results reported here, one may conclude that orienta- 
tion in a polymer monolayer may be a determining factor in mono- 
layer penetration by dissolved molecules. Furthermore, it is danger- 
ous to extrapolate data obtained in bulk solution studies to  condi- 
tions at interfaces or membranes. 


REFERENCES 


(1) H. W. Fox, P. W. Taylor, and W. A. Zisman, Ind. Big. 


(2) N. L. Jarvis, J. Phys. Chem., 70,3027(1966). 
(3) J. Glazer, J. Polym. Sci., 13,355(1954). 
(4) L. E. Nielson, R. Wall, and G. Adams, J. Colloid Sci., 13, 


( 5 )  H. E. Ries, Jr.,and D. C. Walker, ibid., 16, 361(1961). 
(6) F. MacRitchie and N. F. Owens, J. Colloid Interface Sci., 


29, 66(1969). 
(7) W. D. Stein, “The Movement of Molecules Across Cell 


Membranes,” Academic, New York, N. Y., 1967, pp. 281-295. 
(8) L. Vroman and A. L. Adams, J. Colloid Interface Sci., 


31, 188(1969). 
(9) D. W. Blois and J. Swarbrick, paper presented before the 


Basic Pharmaceutics Section, APHA Academy of Pharmaceutical 
Sciences, San Francisco meeting, Mar. 1971. 


(10) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Pharm. Sci., 
58, 1493(1969). 


(11) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Colloid biter- 
face Sci., 33, l(1970). 


(12) J. L. Zatz and B. Knowles, J. Pharm. Sci., 60, 1731(1971). 
(13) J. L. Zatz, ibid.,59,117(1970). 
(14) T. Higuchi and R. Kuramoto, J. Amer. Pharm. Ass., Sci. 


(15)  P. Molyneux and H. P. Frank, J.  Amer. Chem. Soc., 83, 


Chem., 39,1401(1947). 


441( 1958). 


Ed., 43, 398( 1954). 


31 69( 1961). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 9, 1971, from the Department of Pharmacy, 
Rutgers Uniwrsity, Uniwrsify Heights, New Brurrswick, NJ 08903 


Accepted for publication March 7,1972. 
Supported by a Rutgers University Research Council Grant and 


by a Merck Grant for Faculty Development. 
The author thanks Miss Beverly Knowles for competent technical 


assistance. 


New Compounds: Amides Derived from 
[ (10,1l-Dihydro-5H-dibenzo[a,d]cyclohepten-5-yl) thiolacetic Acid 


R. V. SAENZ’ and J. W. SOWELL* 


Abstract 0 Synthesis of sulfide amides from [( lO,ll-dihydro-5H- benzo[a,~cyclohepten-5-yl)thio]acetic acid, pharmacological screen- 
dibenzo[a,~cyclohepten-5-yl)thio]acetic acid is described. Pre- ing 0 [( 10,ll -Dihydro-5H-dibenzo[a,~cyclohepten-5-yl)thio]acet~c 
liminary pharmacological results are reported. acid-used as a starting material for synthesis of sulfide amides, 


products tested for pharmacological activity 0 Antihistamines, 
Keyphrases c] Amides-synthesized from [( lO,ll-dihydro-5H-di- potential-synthesis of sulfide amides, pharmacological screening 


Many compounds of diversified chemical structure modic, sedative, local anesthetic, sympathomimetic, 
have been found to  possess histamine-antagonizing and antiacetylcholine actions (7). Studies have at- 
activity (1-6). In addition to this activity, many possess tempted to find a more selective antihistaminic activity, 
other pharmacological activities including antispas- including analogs possessing the sulfide linkage (8). 
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Hence, it appeared that the preparation of appropriately 
substituted sulfide amides might possess some de- 
gree of histamine-antagonizing ability. Thus, three sul- 
fide amides, [( 10, I l-dihydro-5H-dibenzo[u,~cyclo- 
hepten-5-yl)thio]-N,N-diethylacetamide, 1-( [( 10,l l-di- 
hydro - 5H- dibenzo[u,d]cyclohepten - 5 - yl)thio]acetyl}- 
piperidine, and 1- ([(10,1 l-dihydro-5H-dibenzo[u,d]- 
cyclohepten-5-yl)thio]acetyl) -4-methylpiperazine meth- 
iodide were prepared (Scheme 1) and tested. 


EXPERIMENTAL 


5-Chloro-lO,ll-dihydro-5H-dibenzo[a,d]cycloheptene (11)-10,11- 
Dihydro-5H-dibenzo[a,~cycloheptene-5-one (I) (20.0 g., 0.096 


Table I-Survival Ratios of Guinea Pigs after 30 min. 
Unprotected and Protected with Test Compounds when 
Exposed to Histamine Diphosphate Aerosol (1 2) 


Compound 


Propylene glycol 
Compound VI 
Compound VI 
Compound VI 
Diphenhydramine 


hydrochloride 
Compound V 
Compound V 
Compound V 
Diphenhydramine 


hydrochloride 


Dose 


1 ml./kg. 
100 mg./kg. 
200 mg./kg. 
300 mg./kg. 
20 mg./kg. 


100 mg.'/kg. 
200 mg./kg. 
300 mg./kg. 
20 mg./kg. 


Number 
Died/Number 


Tested 


3/4 


:i: 


mole) was dissolved in ethyl alcohol (200 ml., 95%). To this was 
added sodium hydroxide pellets (20 9.) and zinc dust (30 g.). The 
system was refluxed for 1.5 hr. 10,l l-Dihydro-5H-dibenzo[a,d]- 
cycloheptene-5-01 was isolated by filtering off the solid, removing 
the ethanol by distillation, adding water, and allowing thesolution to 
precipitate in the cold overnight. Recrystallization from ethyl 
ether-petroleum ether gave the desired product, m.p. 92-93". 
The alcohol (16.5 9.) was then suspended in anhydrous toluene, 
and hydrogen chloride was bubbled through. After 30 min., the 
toluene was distilled under reduced pressure and hexane (100 ml.) 
was added to the residue. The desired chlorinated compound ( 1  1.0 
g.), recrystallized from hexane, was obtained, m.p. 104-105" 
[lit. (9) m.p. 105"]. 
[(lO,ll-DihydrodH-dibenzo[a,d]cyclohepten-5-yl)thio]acetic Acid 


(111)-To Compound 11 (2.29 g., 0.01 mole) in anhydrous isopropyl 
ether was added mercaptoacetic acid (1.84 g., 0.02 mole), and the 
reaction mixture was allowed to  react for 2 hr. The reaction mixture 
was then extracted with 10% sodium hydroxide (4 X 20-ml. por- 
tions) and the combined extracts were acidified. Recrystallization 
from alcohol-water of the precipitate thus formed yielded a product 
with a melting point of 154-154.5". 


And-Calc. for CI7Hl6O2S: C, 71.80; H, 5.67. Found: C, 71.77; 
H ,  5.63. 


1- { [( 10,ll-Dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)thio]acetyl} - 
piperidine (V)-To Compound 111 (8.5 g., 0.03 mole) in anhydrous 
ether was added thionyl chloride (3.6 g., 0.03 mole) in anhydrous 
ether (25 ml.), and the reaction mixture was allowed to  reflux for 12 
hr. At this time, piperidine (5.1 g., 0.06 mole) in anhydrous ether 
was added and allowed to stir for 6 hr. The ethereal solution was 
washed with distilled water (50 ml.), 10% hydrochloric acid (3 X 
50-ml. portions), 10% sodium hydroxide (2 X 50-ml. portions), 
and a saturated solution of sodium chloride. It was then dried over 
anhydrous sodium sulfate and concentrated under reduced pres- 
sure. The residue thus obtained was chromatographed on alumina, 
using petroleum ether, isopropyl ether, and ethyl ether (10-25-ml. 
fractions each, 50/50 v/v mixtures) and characterized by IR spec- 
tra and analytical analysis. 


Anal.-Calc. for C22HzBNOS: C, 75.17; H, 7.17. Found: C, 
74.95; H, 7.02. 
[(lO,ll-Dihydro-5H-dibenzo[~,dJcyclohepten -5 -yl)thio] - N,N-  di- 


ethylacetamide (V1)-This compound was prepared and character- 
ized analogously to the piperidine analog. 


Anal.-Calc. for C P , H ~ ~ N O S :  C ,  74.29; H, 7.42. Found: C, 
74.38; H, 7.41. 


Table 11-Comparison of the Spasmolytic Activities of 
Diphenhydramine Hydrochloride and Compound VII against 
Histamine-Induced Spasm in the Isolated Guinea Pig Ileum 


Millimolea Compound Milligrama 


Diphenhydramine 0.01 3.43 x 10-6 
hydrochloride 


VII 0.18 34.8 x 


Required to block, to the same extent, the spasm caused by 0.045 
mg. of histamine diphosphate. 
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1- ( [( l0,11-Dihydro-5Sdibenzo[a,d]cyclohepten-5-yl)thio]acetyl} - 
Cmethylpiperazine Methiodide (VI1)-The acyl halide was prepared 
as previously described. To this was added 1-methylpiperazine 
(6.0 g., 0.06 mole) dissolved in anhydrous ether, and the mixture 
was allowed to react for 8 hr. Extraction of the ethereal solution 
with 10% sodium hydroxide (4 X 50-ml. portions) followed by 
10% hydrochloric acid resulted in a gummy precipitate in the 
aqueous layer. The aqueous layer was made alkaline and extracted 
with ether; the ether was washed with distilled water (6 X 50-ml. 
portions) and filtered and dried over anhydrous sodium sulfate. 
The desired sulfide was characterized as the methiodide salt pre- 
pared by conventional methods (lo), IR spectra, and analytical 
data. 


Arml.-Calc. for Cs3HdN20S. l/2H20: C, 53.37; H, 5.84. 
Found: C, 53.75; H, 6.40. 


PHARMACOLOGICAL METHODS 


Compounds V and VI were administered intraperitoneally to 
guinea pigs 20 min. before subjecting them to  atomized histamine 
under conditions previously described (11). Because of the low 
solubility of the test compounds in propylene glycol, 0.05 ml. of 
polysorbate 201 was added to each milliliter of propylene glycol. 
Diphenhydramine hydrochloride2 was used as the standard. 


Compound VII as the methiodide salt was tested for its spas- 
molytic effects on spasms induced by histamine diphosphate on 
isolated guinea pig ileum. 


Tables I and I1 give the results from the preliminary pharma- 
cological testing. 


Tween 20, Atlas Chemical Co., Wilmington, Del. 
Benadryl, Parke-Davis and Co., Detroit, Mich. 
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Multiple-Dose Kinetics of Pharmacological 
Effects of Indirect Anticoagulants 


Keyphrases 0 Anticoagulants (warfarin and dicumaro1)-mathe- 
matical derivation of multiple-dose kinetic equations, pharmaco- 
logical effects 0 Pharmacokinetics, multiple-dose and pharma- 
cological effects-calculations regarding behavior and optimal 
regimen for indirect anticoagulants 0 Multiple-dose kinetics- 
pharmacological effects, indirect anticoagulants 


Sir: 


The pharmacological effects of hypoprothrombine- 
mic anticoagulant drugs vary widely between individ- 
uals and preclude a predictable response to a fixed 


dose of these agents. A given dosage schedule may be 
totally inadequate to prevent thrombosis in one in- 
dividual but may cause hemorrhage in another (1). 
In addition, the effects of the drugs can be appreciably 
influenced within individuals through interactions with 
other concurrently administered drugs (2-5). These 
facts, as well as a need to readjust therapeutic levels of 
activity during the course of therapy (I), obviously 
necessitate patient individualization of dosing regimens 
for these drugs and clearly emphasize the need for pre- 
dictive interrelationships between dosage regimens 
and the magnitudes of their drug response. The purpose 
of the present communication is to describe the deriva- 
tion of theoretical relationships which, provided ade- 
quate data in the form of blood coagulability and plasma 
drug levels are collected, could be useful for the char- 
acterization of multiple-dosing pharmacokinetic be- 
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solved in water, basified with potassium carbonate, and extracted 
with benzene. The free base was obtained by chromatography on 
basic alumina. Elution with benzene and methylene chloride gave 
0.85 g. (8%) of V[I. which was converted to the hydrochloride salt 
and recrystallized from n-butanol to give an  analytical sample de- 
composing at  213-215". NMR(CDC1, + D20), p.p.m.: 8.15 (s, 1,  
ArH), 6.85 [d, 1, (Jo = 9 Hz.), ArH], 6.68 (s, 2, ArH), 6.67 [d, 1, 
(J,n = 5 Hz.), ArH], 6.55 [q, 1, (Jo = 9 Hz., J ,  = 5 Hz.), ArH), 3.90 


3.9-3.7 (broad, 2. CH,), 3.5-2.7 (m, 4, CH2), 2.94(s, 3, NCH,). MC 
mje 475,417. 


Anal.-Calc. for C2B3,ClN06: C, 65.43; H, 6.28; N, 2.73. Found: 
C,  65.19; H,  6.20; N, 2.96. 


( s ,  6. OCHJ, 3.88 ( s ,  3, OCHa), 3.85 ( s ,  3, OCHI), 3.70 ( s ,  3, OCHB), 
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Synthesis of Pyrazine Derivatives as Potential 
Hypoglycemic Agents 


V. AMBROGI, K. BLOCH, S. DATURI, W. LOGEMAN", and M. A. PARENT1 


Abstract 0 A series of new pyrazine derivatives was synthesized 
and screened for hypoglycemic activity. Some of these compounds 
showed weak activity at high dosage levels. Pyrazinoyl-4-ethyl- 
thiosemicarbazide was active both in mice and rats. 


Keyphrases 0 Pyrazine derivatives-synthesized and screened as 
potential hypoglycemic agents 0 Hypoglycemic agents, potential- 
synthesis and pharmacological screening of pyrazine derivatives 0 
Pyrazinoyl-4-ethylthiosemicarbazide-synthesis, tested as potential 
hypoglycemic agent 


Previous reports from this laboratory on hypogly- 
cemic drugs showed that certain substituted pyrazine 
phenylsulfonylureas possess high antidiabetic activity 
at very low dosage levels. The most favorable com- 
pound of this series was N-  { 4-[8-(5-methylpyrazine-2- 
carboxamido)ethyl]benzenesulfonyl} -N'-cyclohexylurea 
or glipizide(I)(l-4). 


Contrary to the other known phenyl-substituted sul- 
fonylureas, the pyrazineamide moiety of this molecule 
shows a certain hypoglycemic activity (5). Based on 
this observation, the authors synthesized a series of 
pyrazine derivatives without the sulfonyl moiety in the 
molecule for screening for hypoglycemic activity. 


Among other derivatives, compounds obtained by 
introduction of the pyrazine moiety into compounds 
not belonging to the sulfonylurea class were studied, 


whose antidiabetic activity was known from the liter- 
ature. It was hoped that this activity could be increased. 
Thus, the authors synthesized 5-pyrazinyl-4-alkyl- 
4H- 1,2,4-triazole-3-thiols. The corresponding 5-phenyl 
derivatives, according to Mhasalkar et a].  (6), showed 
a hypoglycemic activity comparable to tolbutamide. 
In this paper the synthesis of some corresponding 
pyrazine oxadiazoles and thiadiazoles is also described. 


3-Mercapto-5-(2-pyrazinyl)-4-ethyl- 4H-  1,2,4 - tri- 
azoles were synthesized from the corresponding thio- 
semicarbazides by cyclization with sodium hydroxide, 
according to Girard (7), to  obtain the 3-mercapto- 1,2, 
4-triazoles from acyl thiosemicarbazides. The requisite 
thiosemicarbazides were obtained by reacting acid hy- 
drazides and ethyl isothiocyanate as shown in Scheme I. 


2-Mercapto-5-(2-pyrazinyl)- 1,3,4- thiadiazoles were 
obtained from potassium salts of the corresponding 
3-pyrazinoyldithiocarbazic acid by cyclization with 
concentrated sulfuric acid, according to Y oung and Wood 
(8). Potassium salts were obtained by treating the re- 
quisite hydrazides with carbon disulfide and potassium 


6 3 5  


Scheme I 
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Table I- 1 -Pyrazinoyl-4eth y 1 thiosemicarbazides R-CONHNHCSNHCBs 
~ ~~~ 


Sample Hypoglycemic Activity 
Num- Yield, Melting -Analysis, %- -at 50 mg./kg.- 


ber R 72 Point Formula Calc. Found Mice5 Ratsb 


75.6 206 ' N 31.12 
S 14.20 


31.04 
14.0 


Accepted 


79.5 198" C ~ H I J N ~ O S  N 29.3 29.17 Rejected - 


77.8 195" CioHi5N60S N 27.65 27.36 Rejected - 


S 12.64 12.81 
2 


S 12.62 12.81 
3 


61.8 189" CsHizNsOS N 35 34.89 Accepted 13% 
S 13.3 13.52 


51 232" CioHi6NeOS N 31.3 31.20 Accepted - 
S 11.92 11.78 


5 


a Accepted = hypoglycemic activity > than that of tolbutamide at the same dosage. b Maximal hypoglycemic activity as percent decrease in compari- 
son to controls. Tolbutamide activity = 38 %. 


hydroxide in alcohol at 35-40' as described by Hog- 
garth (9) (Scheme 11). 


2-(2-Pyrazinyl)- 5 -merapto-  1,3,4- oxadiazoles were 
obtained, as described by Young and Wood (8) for 
similar compounds, by refluxing the appropriate hydra- 
zides, carbon disulfide, and alcoholic potassium hy- 
droxide without isolating the intermediate potassium 
salts, until most of the hydrogen sulfide evolved 
(Scheme 111). 
2-Mercapto-5-pyrazin-2'-yl-l,3,4-oxadiazole was pre- 


pared, as described by Wilder Smith and Frommel (lo), 
by reacting pyrazinoic acid hydrazide with thiophosgene. 


EXPERIMENTAL 


Chemical-5-Methylpyrazinoyihydrmide-A mixture of 5-meth- 
ylpyrazinamide (23 g., 0.168 mole) and hydrazine (160 ml. of 


98 %) was refluxed for 1 hr. on a steam bath. The excess of hydra- 
zine was removed, and the residue was crystallized from ethanol, 
yielding 20.7 g., 81 Z, m.p. 128-130". 


Anal.-Calc. for C6H8NaO: C, 47.35; H,  5.3; N, 36.85. Found: 
C,47.l;H,5.4;N,36.31. 


1- (5' - Methyl)pyrazitioyl - 4 - ethylthiosemicarbazide-5-Methyl- 
pyrazinoylhydrazide (4.56 g., 0.03 mole) and ethyl isothiocyanate 
(2.87 ml., 0.033 mole) were dissolved in dioxane (45 ml.) and re- 
fluxed for 4 h .  The mixture was then cooled and filtered; the solid 
was washed with water and crystallized from ethanol, yielding 5.7 
g., 79.5X,m.p. 198". 


Similarly, a number of I-pyrazinoyl-4-ethylthiosemicarbazides 
were prepared (Table I). 


3-Mercapto-5-(5 '-methyl)pyrazin-2 '- yl-4-ethyl-4H- 1,2,4-triazoIe- 
To 1 -(5' - methyl)pyrazinoyl-4-ethylthiosemicarbazide (4.8 g., 0.02 
mole) was added 2 N NaOH (60 ml.), and the mixture refluxed 
for 2 hr. It was cooled and acidified with hydrochloric acid. The 
precipitate was filtered, washed with water, and crystallized, yielding 
3.3 g., 74.5%, m.p. 238". 


All the new triazoles (Table 11) were prepared similarly. 


Table II-3-Mercapto-5-(2-pyrazinyl)-4-ethyl-4H-1,2,4-triazoles C'H, 


Sample 
Num- 
ber R 


Yield, Melting 7 z Point Formula 


Hypoglycemic Activity 
-Analysis, %-- -at 50 mg./kg.-- 
Calc. Found Mice. Ratsb 


76.2 200 a CeHgNsS C 46.4 46.1 Accepted 11% 
H 4.35 4.28 
N 33.8 33.75 
S 15.45 15.73 


74.5 234" C,Hi,NsS C 48.85 48.83 Rejected - 
H 5.02 5.06 
N 31.65 31.8 
S 14.48 14.6 


H 5.54 5.59 
N 29.8 29.42 
S 13.62 13.55 


2 


83.2 188' CioHiaNsS C 51.0 50.74 Rejected - 3 


4 95 292 ' CeHioNeS C 43.2 43.0 Rejected - 
H 4.54 4.59 
N 37.5 37.8 
S 14.4 14.27 


a Accepted = hypoglycemic activity > than that of tolbutamide at  the same dosage. b Maximal hypoglycemic activity as percent decrease in compar- 
ison to controls. Tolbutamide activity = 38 %. 
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Table III-2-Mercapto-5-(2-pyrazinyl)- 1,3,4-thiadiazoles 


Sample 
Num- 


ber R 


Hypoglycemic Activity 
Analysis, %-- ---at 50 mg./kg.-- 


72 Point Formula Calc. Found Micea Ratsb 
Yield, Melting ,---- 


2 41.5 >280” C7Ht“Sz C 40 39.8 Rejected - 
H 2.88 2 . 8  
N 26.65 26.41 
s 3.04 30.6 


a Accepted = hypoglycemic activity > than that of tolbutamide at the same dosage. * Maximal hypoglycemic activity as percent decrease in compari- 
son to controls. Tolbutamide activity = 38 %. 


Potussiim 3 - (5  ’ - Mrr/~yl~pyruzi1zoy~dit~1iocarbu~ute-5-Methyl- 
pyrazinoylhydrazide (5.1 g., 0.0335 mole), carbon disulfide (3 ml., 
0.05 mole), and potassium hydroxide 85% (3.31 g., 0.05 mole) in 
ethanol (200 ml.) were stirred together for 3 hr. at  35” and then for 
18 hr. at room temperature. The mixture was cooled and filtered, 
yielding 5 g. of pale-yellow needles (56.1 Z), m.p. 270” dec. 


Am/.-Calc. for C7H7KN40S2: C, 31.50; H, 2.63; S, 24. Found: 
C,31.8;H,2.2;S,24.1. 


Potassium 3-pyrazinoyldithiosemicarbazate was prepared sim- 
ilarly, yielding91 %, m.p. 280” dec. 


Am/.-Calc. for C6H,KNaOS2: C, 25.75; H, 2.0; S, 25.4. Found: 
C,27.8;H,2.1;S,25.1. 


2 - Mercapto - 5 - (5’ - met/zyl)pyruziii - 2’ - y l -  1,3,4 - tliiudiazole- 
Potassium 3-(5’-methyl)pyrazinoyldithiocarbazate (4.5 g., 0.0169 
mole) was dissolved in concentrated sulfuric acid (180 ml.) at room 
temperature. When solution was complete, the reaction mixture was 
poured into ice, cooling externally. The resultant precipitate was 
filtered and recrystallized from ethanol, yielding 1.55 g., 41.5%, 
m.p. > 280”. 


Compound 1 of Table I11 was prepared similarly. 
2 - Mrrcupto - 5 - (5‘ - methy1)pyrazin - 2’ - yl - 1,3,4 - oxu- 


diuzole-A mixture of 5-methylpyrazinoylhydrazide (3.03 g., 0.02 
mole), carbon disulfide (1.2 ml., 0.02 mole), and potassium hydrox- 
ide 85% (1.32 g., 0.02 mole) in ethanol (85 ml.) was heated and 
refluxed for 3 hr. After removal of the solvent, the residue was 
dissolved in water and acidified with dilute hydrochloric acid. The 
precipitate was filtered and crystallized from ethanol, yielding 1.3 
g., 33.4%, m.p. 232-234”. 


Compound 3 of Table IV was prepared similarly, while Com- 
pound 1 was synthesized by reacting pyrazinoic acid hydrazide 
with thiophosgene (10). 


Biological-Screening to determine hypoglycemic activity of the 
compounds under investigation was carried out as follows. Each 
compound was first tested in mice at the dose of 50 mg./kg.; then 
the compounds that were found as active as tolbutamide (“accepted” 
in the table) were further tested in rats at  the dose of 50 mg./kg., 
corresponding to the dose at  which tolbutamide displays a high 
hypoglycemicactivity in rats(decrease of 38 % in respect t o  controls). 


Outbred male CFl SPF mice (20-24 g.), fasted for 3 hr. before 
the experiment, and outbred CFE SPF rats (130-160 g.), fasted 
for 10 hr. before the experiment, were used. The animals were 
from the authors’ own colony. 


The compounds to  be tested were administered by gavage, sus- 
pended in 0.5% methylcellulosel. Doses were contained in a volume 
of 0.1 m1./10 g. of animal weight for mice and 0.2 m1./100 g. for 
rats. 


Blood samples for glucose assay were collected at 60 and 180 
min. after administration of the compounds to the mice and 30, 60, 
90, and 180 min. after administration of thecompounds to the rats. 
For each time, groups ofsix animals were used. 
In both animal species (mice and rats), blood samples were ob- 


tained by decapitation. Blood glucose was assayed by the colori- 
metric method with o-toluidine described by Dubowski ( 1  1)2. 


In Tables I-IV, activities in the rat are reported as maximum 
percent decrease of blood glucose as compared to controls in- 
dependently of the time of administration; inactivity of the product 
is indicated by a short line. 


RESULTS AND DISCUSSION 


None of the compounds in Tables I-IV possess outstanding 
hypoglycemic activity comparable with tolbutamide or with the 
newer sulfonylureas. However, some of the synthesized compounds 
showed weak activity in mice (Table I ,  Conipounds 1, 4, and 5 ) .  
Of the bicyclic compounds, 2-niercapto-5-pyrazin-2’-yl-4-ethyl- 
4H-1,2,4-triazole (Table 11, Compound 1) and 2-mercapto-5-pyra- 
zin-2’-yl-l,3,4-thiadiazole (Table I l l .  Compound 1) were active 
in mice. 


Pyrazinoyl-4-ethylthioseinicarbazide (Table I, Compound 1) 
was also active in the rat. Among the other compounds, only 1- 
(3’-amino)pyrazinoyI-4-ethylthioseniicarbazide (Table I ,  Com- 
pound 4) and 2-mercapto-5-pyrazin-2’-yl-4-ethyl-4H- I ,2,4-triazole 
(Table 11, Compound 1) showed very slight activity in rats. All 
of the other compounds (listed in the tables) not mentioned above 
were inactive at the dosage tested. 


These results were surprisingly different from those reported by 
Mhasalkar et ul. ( 6 ) .  Therefore, we tested two of the most active 


+CS,; +KOH 
heating 


+ 


+CS,; +KOH Rz16jR1 R3 N CONHNHCSSK 


Sclieiiie 111 


Scheme I1 
1 M e t h o d .  
2 “Clinical Kits,’’ Carlo Erba. 
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Table IV-2-( 2-Pyrazinyl)-5-mercapto-l,3,4-oxadiazoles 


Sample Hypoglycemic Activity 
Num- Yield, Melting ---Analysis, %- -at 50 mg./kg.- 


ber R % Point Formula Calc. Found Mice5 Ratsh 


33.4 230' C7HsNaOS c 43.3 43.38 Rejected - 
H 3.1 3.15 
N 28.85 28.6 
S 16.51 16.41 


2 


3 43 198" CsHsNiOS C 46.12 46 Rejected - 
H 3.87 3.72 
N 26.93 26.1 
S 15.36 is. 43 


a Accepted = hypoglycemic activity > then that of tolbutamide at the same dosage. Maximal hypoglycemic activity as percent decrease in compari- 
son to controls. Tolbutamide activity = 38 %. 


compounds synthesized by the above-mentioned authors but, under 
our conditions, found no hypoglycemic activity. 


(7) M. Girard, Compt. Rend., 225, 458(1947). 
( 8 )  R. W. Young and K. H. Wood, J. Amer. Chem. Soc., 77, 


(9) E. Hoggarth, J. Chem. Soc., 1952, 4811. 
400(1955). 
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Synthesis and Antimicrobial Activity of 
Thiocarbohydrazide-1,5-dicarboxylic Acid Diesters 


I. LALEZARI'., N. REZVANI, and F. MALEKZADEH 


Abstract 0 Eight thiocarbohydra;ride-1,5-dicarboxylic acid diesters 
were prepared and found to be active against some pathogenic 
microorganisms. activity-eight thiocarbohydrazide-l,5-dicarboxylic acid diesters 


Keyphrases Thiocarbohydrazide-l,5-dicarboxylic acid diesters- 
synthesis, evaluation of antimicrobial activity 0 Antimicrobial 


Recently the synthesis and antiviral and antibacterial were reported. In the present work, a series of thiocar- 
activities of N-thiadiazolylcarbamic acid esters (1, 2) bohydrazide-l,5-dicarboxylic acid diesters was syn- 
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Effects of Change in Elimination on Various 
Parameters of the Two-Compartment Open Model 


WILLIAM J. JUSKO** and MILO GIBALDIt 


Abstract 0 The various parameters of the two-compartment open 
model which are employed commonly in pharmacokinetics can be 
classified into three groups, based on their mathematical behavior, 
when a change in the elimination constant (k,r) is induced but the 
distribution constants (k12, k?l, and V,) of the drug are maintained 
unchanged. At a given dose of drug, certain parameters ( VDSS and 
C,”) remain constant because they are independent of k,i. Other 
parameters (Area, CIB, DI, Dz, and D T )  change exactly in propor- 
tion of kel because these values are a direct linear function of k,i. A 
third group ( 0 1 ,  0, A ,  B ,  VUO, Voarea, VB, f c ,  and t l / , ~ )  are non- 
linear or hybrid parameters; they change in value disproportionately 
with k,i. Absolute changes in distribution space or elimination 
constants at a given dose level cannot be quantitated with these 
hybrid terms individually. They reflect the degree of equilibration 
of a drug between compartments and should be restricted to use as 
proportionality terms for relating the time course of plasma and 
body levels of drug. 


Keyphrases 0 Two-compartment open model-effect of changes in 
elimination on pharmacokinetic parameters 0 Pharmacokinetics, 
two-compartment open model+ffects of changes in elimination 0 
Elimination effects-two-compartment open-model parameters 


One of the most common perturbations of a pharm- 
acokinetic system is that involving a change in elimina- 
tion, with or without a secondary effect on the distribu- 
tion of a drug. For example, decreased renal excretion 
of drugs is expected in patients with renal failure or 
when probenecid, an inhibitor of renal tubular trans- 
port of organic acids, is administered with most penicil- 
lins. Increased metabolism, on the other hand, is often 
observed with phenobarbital pretreatment which causes 
induction of drug-metabolizing enzymes. In each case, 
modification of the time course of body levels of drug 
occurs, but interpretation of this change is dependent 
on the pharmacokinetic model employed and an under- 
standing of the mathematical and physiological basis 
of the model. 


A specific problem which has occurred involves the 
interpretation of the apparent change in the volume of 
distribution of several penicillins when probenecid is 
administered (1,2). Although it has been recognized that 
a decrease in elimination produced by inhibition of renal 
tubular secretion is the primary cause for the increased 
plasma and body levels of the antibiotic, a change in 
the apparent volume of distribution has been suggested 
as a secondary effect of probenecid. One purpose of this 
report is to  reconsider the effects of changing the 
elimination rate constant of a drug on the various de- 
rived parameters of the two-compartment open model. 
It can be shown that alteration of elimination produces 
a change in the degree of equilibration of a drug between 
the central and peripheral compartments. Although this 
alteration affects certain apparent “volume of distribu- 
tion” parameters, no change in distribution mecha- 


nisms or space necessarily occurs. However, the change in 
compartmental equilibration is likely to affect the time 
course of the pharmacological effect of a drug since 
the relationship between plasma levels and “tissue” 
levels of the drug is modified. In evaluating data that 
are best described with a two-compartment open model, 
several parameters can be classified as “hybrid” in that 
they change disproportionately with the change in the 
elimination or distribution rate constant. Because of 
this behavior, it is desired to point out where caution 
is needed in interpretation of the various constants and 
parameters of the routinely employed one- and two- 
compartment models. 


TWO-COMPARTMENT OPEN MODEL 


The type of data usually fitted with a two-compartment open 
model are plasma concentrations and urinary excretion rates, which 
decline in a biexponential manner after intravenous administra- 
tion of a drug. If the investigator has some physiological basis for 
assuming that drug elimination occurs solely from the central 
compartment, then the model employed is shown in Scheme I. 
First-order mass transfer (distribution) rate constants between the 
central ( X I )  and peripheral ( X , )  compartments are k,* and kzl, while 
the overall rate constant for drug elimination by various routes is 
k,r. These rate constants, as well as the volume of the central com- 
partment ( Vc), are derived from the biexponential plasma concentra- 
tion (C,) data: 


C, = AP-‘ + B e d ’  (Eq. 1 )  


where A and Bare zero-time plasma concentration intercepts, and a 
and @ are related to  the slopes of the disposition curve. In addition 
to V,  and the above rateconstants, a number of other calculated pa- 
rameters have appeared in the literature. These include: 


CPO 


Area 


C l B  


t1/18 


1; 


VDSS 


VDi3 


Voarea 
V B  


= extrapolated zero-time plasma concentration of drug 


= total area under linear plasma concentration-time 


= body clearance (equal t o  the sum of all clearance 


= half-life of @-phase of drug disposition 
= fraction of that drug in the body which is located in 


= steady-state volume of distribution as introduced 


= pseudoequilibrium (@-phase) volume of distribu- 


= volume of distribution calculated from the Area (5) 
= apparent volume of distribution obtained by neglect- 


ing the 01- or distributive phase of drug disposition 
(5) 


D , , D 2 , D ~  = integral coefficients for the central ( D l )  and pe- 
ripheral (Dz) compartments and the whole body 
( D T )  as introduced by Jusko et al. ( 6 )  (These values, 
when multiplied by the dose, provide the amount 
uersus time area or integral for the particular com- 
partment.) 


(i .e.,  A + B )  


curve(i.e., from timezero to  m )  


processes in the body) 


the central compartment 


by R k g s  (3)  


tion as introduced by Gibaldi e ta / .  (4) 


Methods of calculation of these parameters are shown in Table I. 
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compartment - compartment 


Scheme I 


Effects of Changes in Elimination-Determination of the effect 
of changes in elimination on the various parameters of the two- 
compartment open model was made by presetting the values of 
k l z ,  k21, V,, and dose, calculating numerical results for the remain- 
ing parameters at several k,i values, and examining the fundamental 
interrelationships of the equations used to describe the model. 
The k,i values were varied numerically over four orders of mag- 
nitude and, in addition, the parameter limits were determined at the 
extremes of k,l as shown in Table I. Changes in k,r did not affect 
the calculated values of Cpo and VDSS because these parameters, 
as well as k12, kZ1, and V,, are mathematically independent of the 
value of k,i. The values of Area, CIB, D1, Dz, and DT change exactly 
in proportion to k,l. This occurs because each of these parameters 
is a direct linear function of k,i and one or more other constants, 
which are also independent of k,l. The remaining parameters can 
be classified into a third group because their values change dis- 
proportionately with the magnitude of k,l. These parameters are: 
a, P, A ,  B, ti/*@, f,, V D ~ ,  VDarea, and VB. The disproportionality is 
accounted for by the fact that the latter parameters are derived from 
a rioidiciear function of k,i, as can be seen readily from the defini- 
tions of a and p in Table I. Similar conclusions concerning the 
mathematical behavior of the hybrid pharmacokinetic terms can 
be reached if k,l is assumed to remain constant and either k12 or 
kz,  is varied. The hybrid parameters, therefore, should not be used 


individually as a direct or sole measure of a change in drug elimina- 
tion or distribution. 


Of practical importance, the apparent volume of distribution 
parameters, VDB, Voarea, and VB, greatly ihcrease in value as kel is 
increased, particularly when k,l exceeds the value of kzl .  However, 
by definition of the system (klz, kzl, and V, remaining constant), 
these hybrid parameters do not reflect changes in distribution rate 
constants or space. On the other hand, it was shown previously 
(4 ,  7-9) that the V D ~  term serves an extremely useful function as a 
proportionality factor between drug in the body ( X B )  and 0-phase 
plasma concentrations (Cps)-uiz: 


XE = V D P '  C p S  (Eq. 2) 


Furthermore, it was shown (2, 9) that when the elimination rate of 
the drug is decreased, the fraction of the amount in the body indeed 
seems to shift so that more is located in the central compartment 
during the P-phase. 


Another rationale for the nonlinear behavior of the hybrid volume 
terms and f, involves consideration of equilibria in the two-com- 
partment system. When drug elimination is very slow (kdl -. 0), 
the drug can approach or reach an equilibrium between the central 
and peripheral compartments. In such case, a true steady state is 
reached and thus: 


as shown by the first limit for f ,  in Table I. In this situation, all of 
the apparent total volume of distribution terms converge to a min- 
imum value and become identical to VDSS, as can be noted from the 
volume parameters listed in Table I. In such case, it makes littIe 
difference whether V D ~  or VDSS is used to relate plasma and body 
levels of drug using Eq. 2. 


At the other extreme, when drug elimination is very rapid, little 
of the drug has an opportunity to reach the peripheral compartment 


Table I-Behavior of Various Parameters of the Two-Compartment Open Model as the Elimination Constant (k , i )  is Changed 
(Parameters Maintained Constant: k12 = 1.0 hr.-l, kzl = 1.5 hr.-l, V, = 12 l., and Dose = 3 8.) 


~ _ _ _ _ _  ~ 


Param- Limit: kCl, hr.-I- 7 Limit: 
eter Method of Calculation k.; + 0 0.01 0.1 1 .o  10 0 k,l + m 


ff 


P 
'4 


B 


CPO 
Area 


C I B  
t'/ZB 


f c  


VDSS 


V D B  
VDarea 
VB 


Di 


0 2  


DT  


A -t B = Do/Vc 


k12 + ku 


0 


m 


0 
m 


m 


m 


m 


2.50 


0.006 


0.100 


0.150 


0.25 


25.0 


0.12 
115 


0.6 


20.0 


20.0 
20.0 
20.0 


100.0 


66.7 


166.7 


2.541 


0.059 


0.105 


0.145 


0.25 


2.50 


1.2 
11.5 


0.59 


20.0 


20.3 
20.3 
20.7 


10.0 


6.67 


16.67 


3 . 0 0  


0.50 


0.15 


0.10 


0.25 


0.25 


12.0 
1.4 


0.50 


20.0 


24.0 
24.0 
30.0 


1 . o  


0.667 


1.667 


11.16 


1.345 


0.246 


0,004 


0.25 


0.025 


120.0 
0.51 


0.13 


20.0 


89.2 
89.2 
75.0 


0.1 


0.0667 


0.1667 


m 


m 


0 


m 


0 


0 


~~~ ~ ~ 
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Table II-Effect of Probenecid on Distribution and Elimination of Benzylpenicillin’ 


Para meter, 
Units 


Mean Values (SD)-  - 
Control Probenecid 


Statistical 
Differencc?: 


t (P) 


A, mcg./ml. 294 (151) 182 (35) 1 . 9 3  (NS) 
B, mcg./ml. 61 (29) 


0.944 (0.082) 0.737 (0.172) 3 .66(p< 0.025) 8, hr.-l 


CIB, ml./min. 408 (183) 166 (42) 3 .71  ( p  < 0.025) 


184 (51) -4.86 ( p  < 0.005) 
a, hr.-l 4.02 (1.48) 4.63 (3.44) -- 0.50 (NS) 


CPo, mcg./ml. 355 (160) 366 (77) -0.19 (NS) 
Area, mcg. hr./ml. 142 (53) 322 (96) -6.70 (p  < 0.005) 


t l / , , 9 ,  hr. 0.74(0.06) 0.98 (0.23) - 2.87 ( p  < 0.05) 
fc 0.397 (0,146) 0.637 (0.135) -8 .80(p < 0.005) 
v,, 1. 
VDSS, 1. 
V D ~  or V a r e a ,  I. 


k I 2 ,  hr.-l 
k,,, hr.-l 
k,,,  hr.-1 
D I ,  hr. 
Dla, hr.c 
D2,  hr. 
D T ,  hr. 
DT,,, hr.c 


VB, 1. 


9.7  (3.6) 
1 5 . 2  (5.7) 
25.8 (11.2) 
58.9 (25.5) 
0.93 (0.71) 
1 . 4 4  (0.16) 
2.59 (0.73) 
0.42 (0.17) 
0.33 (0.16) 
0.22 (0.11) 
0 . 6 5  (0.14) 
0.55 (0.12) 


8 . 5  ( I  .7) 
12.0 (2.6) 
13.6(2.9) 
17.3 (4.4) 


1 .57  (1.70) 
2.60 (1.56) 
1.20(0.35) 
0.92 (0.38) 
0 .71  (0.32) 
0.33 (0.24) 
1 . 2 5  (0.30) 
l.W(O.26) 


I .02 (NS) 
I .93 (NS) 
3.12 ( p  < 0.05) 
3.84 ( p  < 0.025) 


- I .04 (NS) 
- I .  67 (NS) 


5 . 8 3  (p  < 0.005) 
-4.86 ( I )  < 0.025) 
-4.28 r p  < 0.025) 
- I .  59 (NS) 
-8.oO(p < 0.005) 
-7.39 ( p  < 0.005) 


Data from Cibaldi er al. (2). * Method of paired comparisons; DF = 4. c Corrected for protein binding (6 ) ,  thus reRecting“available” drug. 


prior to its removal from the body. Since drug in the central com- 
partment disappears rapidly when k,i is large, the value of a p  
proaches zero and the hybrid volume terms diverge from V ~ s s  
(Table I). The awkward situation is thus encountered where V D ~  is 
required to relate 0-phase plasma and body levels of drug, but the 
0-phase controls very little of the amount of time course or drug in 
the body. It, therefore, becomes of interest t o  consider the relation- 
ship: 


Xndt = VDSS C, dt (Eq. 4) Lrn Lrn 
which can be derived from the equations for Area and DT listed in 
Table I. From this expression, it follows that YDSS can serve as a 
general proportionality constant between auerage body levels 
(2~) and uuerage plasma levels (cp) of drug after a single dose in 
the manner : 


xx = VUSS’ c,, (Es. 5 )  


This is of importance in the commonly encountered situation with 
many penicillin antibiotics where the a-phase accounts for removal 
of most of the drug from the body. In addition, when drug is given 
by constant-rate intravenous infusion or by multiple dosing, the 
two-compartment system can reach a steady-state equilibrium and 
the value of V ~ s s  is again required to relate cP and J B  (8,9). 


Comparison of the integral coefficient data in Table I indicates 
that the amount -time product of drug in both the central and 
peripheral compartments is expected to  change in inverse propor- 
tion to alteration of k,i. However, the ratio of integrals: 


does not vary as k,l is modified unless the value of either k12 or kZ1 
also changes. It is, therefore, evident that the increase in L as kel 


decreases occurs only during the 8-phase and does not reflect in- 
creased overall retention of drug in the central compartment at the 
expense of the peripheral compartment; it only shows that the 
amount cersiis time curves for X ,  and Xx are both modified in shape 
similar to changing the mode of administration of the drug (8). 


An important distinction can, therefore, be made in the use and 
terminology involving distribution volumes and constants. Pa- 


rameters such as VDSS, V,, k12,  and kl l  can he used to  determine actual 
changes in distribution space or rates. Hybrid volume terms such as 
V D ~ ~  VDarea, or VB do  not reflect the distribution space of a drug 
and should not be used for this purpose. The hybrid “volumes” 
should be restricted to use as proportionality factors between 0- 
phase plasma concentrations (C,) and body levels ( X B )  of drug 
after intravenous dosage of drug since these parameters are af- 
fected by the degree qf equilibration of drug between the plasma 
and tissue compartments. Their importance in pharmacokinetics 
thus varies with drugs and the degree to which the 8-phase controls 
the time course of drug disposition. Similar and previous (10) con- 
siderations make it apparent that the 8-half-life does not accurately 
reflect a change in elimination and may, in fact, better represent the 
value of k21 when k.i is very large (Table I). 


ONE-COMPARTMENT MODEL 


The effects of changes of k.r on hybrid distribution and elimina- 
tion parameters are of critical importance when an attempt is 
made, using a one-compartment system, t o  fit data best represented 
with a two-compartment model. In such a case, for example, one 
might observe a change in the plasma level area when elimination is 
altered and characterize the data with the equation: 


where V, the apparent volume of distribution, is cquivalent to 
V D , ~  or VDarea (4); and r 1 / 2 ,  the apparent disposition half-life, is 
equal t o  0.693/0. Since, by definition, both Y and ti/? are actually 
hybrid parameters, neither is useful for quantitating true changes in 
distribution space or elimination rates. O n  the other hand, their 
combination can be of value for predicting plasma drug levels at 
the given dose and elimination rate (9, 10). 


Since the product or quotient of two hybrid parameters often 
yields either an absolute or proportional pharmacokinetic constant 1, 


limited plasma level data from an experiment can be better eval- 
uated by calculating the body clearance (CIH) where: 


Both the Area and C/B values will be proportional t o  the change in 


1 Several examples can be noted from “Methods of Calculation“ in 
Table I. 
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the elimination constant (kei), because neither parameter is affected 
by a change in the distribution equilibrium. However, both values 
can be altered by a change in distribution rate constants or space, 
a phenomenon that cannot be accurately quantitated with the 
hybrid values of V and t i / ?  from the limited model. Therefore, 
parameters of a one-compartment model derived from data from a 
two-compartment system cannot be used to distinguish “real” 
changes in both elimination and distribution of a drug. Only the 
net effect of both perturbations can be measured when the model is 
oversimplified. 


Effect of Probenecid on Benzylpenicillin Pharmacokinetics- 
Gibaldi et al. (2) measured penicillin concentrations in the serum 
after intravenous administration of benzylpenicillin during pro- 
benecid therapy. These data were subjected to pharmacokinetic 
analysis according to the two-compartment model shown in Scheme I 
along with the equations, or derivations thereof, listed in Table I. 
The results of these calculations are shown in Table 11. With pro- 
benecid treatment, the plasma level areas increased more than two- 
fold but the &half-life of the antibiotic was only slightly longer. 
The disrribution rates and space of penicillin do not appear to be 
significantly altered by probenecid since the transfer rate constants 
(klz or kzl) and the apparent volumes of distribution ( V ,  and VDSS) 
were essentially unchanged. The decrease in the elimination rate 
constant was the primary change occurring in the stable pharmaco- 
kinetic parameters. Although this appears evident from the com- 
parative data listed in Table 11, the absence of an effect of probenecid 
on interaction of these parameters was also ruled out by applying 
multiple linear regression analysis (1 1) to the data. The change in 
plasma level area was used as the independent variable to correlate 
simultaneously with the changes in kei, k12, hi, and Vc values. The 
only significant correlation was between Area and k.i ( r  = 0.873, 


Several secondary effects of the change in the elimination rate 
constant of penicillin can be noted from the results in Table 11. 
The total body level integral (DT) of penicillin, even when corrected 
for protein binding ( D T ~ ) ,  was twice as large with probenecid. 
This was caused by the relatively similar change in magnitude of the 
elimination constant. The ,fi and V D ~  values also changed twofold 
when probenecid was given, and the decrease in V D ~  is a reflection 
that the system was closer to reaching steady-state equilibrium with 
probenecid. This also indicates that, at equal plasma concentrations 
during the P-phase, more of the drug in the body will be located 
in the central compartment with probenecid treatment. Since the 
integral coefficients for the central and peripheral compartments are 
expected to increase in proportion to the decrease in k,i unless the 
value of V,, klz, or kzl also changes, a slight, but not statistically 


p = 0.05). 


significant, change in distribution rates into or from the peripheral 
compartment is suspected because the value of 0 2  did not increase 
proportionally as much as k , ~  decreased. Physiologically, a slight 
change in the penicillin distribution rate is reasonable since pro- 
benecid is capable of inhibiting anion transport into other tissues 
as well as the kidney (12). The general conclusion concerning the 
effect of probenecid on the chemotherapeutic properties of benzyl- 
penicillin is that a given dose of the antibiotic should be twice as 
effective with probenecid since the total body integral coefficient 
increases twofold (6).  This, however, requires experimental veri- 
fication. 
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1- ( [( l0,11-Dihydro-5Sdibenzo[a,d]cyclohepten-5-yl)thio]acetyl} - 
Cmethylpiperazine Methiodide (VI1)-The acyl halide was prepared 
as previously described. To this was added 1-methylpiperazine 
(6.0 g., 0.06 mole) dissolved in anhydrous ether, and the mixture 
was allowed to react for 8 hr. Extraction of the ethereal solution 
with 10% sodium hydroxide (4 X 50-ml. portions) followed by 
10% hydrochloric acid resulted in a gummy precipitate in the 
aqueous layer. The aqueous layer was made alkaline and extracted 
with ether; the ether was washed with distilled water (6 X 50-ml. 
portions) and filtered and dried over anhydrous sodium sulfate. 
The desired sulfide was characterized as the methiodide salt pre- 
pared by conventional methods (lo), IR spectra, and analytical 
data. 


Arml.-Calc. for Cs3HdN20S. l/2H20: C, 53.37; H, 5.84. 
Found: C, 53.75; H, 6.40. 


PHARMACOLOGICAL METHODS 


Compounds V and VI were administered intraperitoneally to 
guinea pigs 20 min. before subjecting them to  atomized histamine 
under conditions previously described (11). Because of the low 
solubility of the test compounds in propylene glycol, 0.05 ml. of 
polysorbate 201 was added to each milliliter of propylene glycol. 
Diphenhydramine hydrochloride2 was used as the standard. 


Compound VII as the methiodide salt was tested for its spas- 
molytic effects on spasms induced by histamine diphosphate on 
isolated guinea pig ileum. 


Tables I and I1 give the results from the preliminary pharma- 
cological testing. 


Tween 20, Atlas Chemical Co., Wilmington, Del. 
Benadryl, Parke-Davis and Co., Detroit, Mich. 
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Multiple-Dose Kinetics of Pharmacological 
Effects of Indirect Anticoagulants 


Keyphrases 0 Anticoagulants (warfarin and dicumaro1)-mathe- 
matical derivation of multiple-dose kinetic equations, pharmaco- 
logical effects 0 Pharmacokinetics, multiple-dose and pharma- 
cological effects-calculations regarding behavior and optimal 
regimen for indirect anticoagulants 0 Multiple-dose kinetics- 
pharmacological effects, indirect anticoagulants 


Sir: 


The pharmacological effects of hypoprothrombine- 
mic anticoagulant drugs vary widely between individ- 
uals and preclude a predictable response to a fixed 


dose of these agents. A given dosage schedule may be 
totally inadequate to prevent thrombosis in one in- 
dividual but may cause hemorrhage in another (1). 
In addition, the effects of the drugs can be appreciably 
influenced within individuals through interactions with 
other concurrently administered drugs (2-5). These 
facts, as well as a need to readjust therapeutic levels of 
activity during the course of therapy (I), obviously 
necessitate patient individualization of dosing regimens 
for these drugs and clearly emphasize the need for pre- 
dictive interrelationships between dosage regimens 
and the magnitudes of their drug response. The purpose 
of the present communication is to describe the deriva- 
tion of theoretical relationships which, provided ade- 
quate data in the form of blood coagulability and plasma 
drug levels are collected, could be useful for the char- 
acterization of multiple-dosing pharmacokinetic be- 
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havior and the computation of optimal dosing regimens 
for individual patients. 


The present approach represents an extension of the 
significant contributions of Levy, O'Reilly, and co- 
workers (2-7) concerning the kinetics and mechanisms 
of hypoprothrombinemic anticoagulants. In accordance 
with their treatment, the synthesis rate, R,, of pro- 
thrombin complex activity, P, is logarithmically de- 
pendent upon the plasma concentration, C,, of anti- 
coagulant. The relationship is given by Eq. 1 : 


where Cp,m,nx represents the plasma level at which the 
synthesis rate reduces to zero and m is a constant. 


The time variation of the prothrombin complex 
activity in the plasma, given in percent of normal, is 
described by the differential equation (Eq. 2) where 
t represents the time, and Kd symbolizes a first-order 
constant for the degradation of P: 


dPldt = -m In CplCp,,, - KdP (Eq. 2) 


The plasma concentration, in terms of a single- 


dCp/dt = -KeCp (Eq. 3) 


dCpJdt = K,Cee-Kat - KeCp (Eq. 4) 


which are appropriate for intravenous and oral dosing, 
respectively. K,  and K,  represent first-order elimination 
and absorption constants, respectively; and Co is re- 
lated to the dose, D, by Co = DIV,, where V ,  is the 
volume of distribution. For drugs that are highly 
bound to plasma proteins, e.g., warfarin, Vd is of the 
same order of magnitude as the albumin space, i .e.,  
2.6 times the plasma volume (7). 


Equation 3 or 4 may be readily solved to obtain the 
time dependence of C, following single or multiple dos- 
ing which, in turn, permits similar solutions for Eq. 2 
to describe the time course of P following single or 
multiple dosing by intravenous or oral routes of ad- 
ministration. Substitution of Eq. 3 into Eq. 2 and solv- 
ing will obviously produce a result that is precise for 
intravenous dosing; because of the large order of mag- 
nitude of the difference in the absorption and elimina- 
tion constants (K,  >> KO) (2), the result will also be 
approximately correct for oral dosing as well. Integra- 
tion of Eq. 3 yields Eq. 5 ;  its substitution into Eq. 2 
provides Eq. 6 as a description of the time variation of 
prothrombin complex activity following a single dose 
of an indirect anticoagulant drug: 
c, = Cpoe-Kat (Eq. 5 )  


compartment model, is described by Eqs. 3 and 4: 


p = l()Oe-Kdl - mKe (1 - Kdt - e-Kdt) 
Kd2 


- 5 In cL ( 1  - FKd') (Eq. 6) Kd Cp.,,, 


The first and second derivatives of Eq. 5 with respect 
to time are given by Eqs. 7 and 8, respectively: 


'" _ -  - 1()OKd2tCKd' + mKee-Kdt + m&e-Kdt In c,o (Eq. 8 )  
dt CP.rn,X 


Intersubject variations of the parameters in Eqs. 6-8 
are pronounced. For two of the most commonly em- 
ployed anticoagulants, warfarin and dicumarol (bis- 
hydroxycoumarin), the values of m have been reported 
to range from 30 to 108 and from 71 to 582, respectively 
(2). Appreciable variations for C,,,,, were reported to 
have ranged from 2.1 to 17 and from 40 to 135, re- 
spectively, for warfarin and dicumarol. Variations in 
K, and Kd are less pronounced and have values of the 
order of 0.1 and 1.0 days-', respectively. The variation 
of these kinetic parameters may obviously be assumed 
to be principally responsible for the wide intersubject 
variation in response to any given dose and the need to 
adjust dosages for individual patients. Following a 
single intravenous dose of an anticoagulant, the kinetic 
parameters for a given individual may be evaluated 
from the results of monitoring the time course of plasma 
drug levels and prothrombin complex activity. The drug 
elimination constant, K,, may be obtained in the usual 
way from the slope of a semilogarithmic plot of C, 
uersus t; C,O is obtained from the intercept on the 
ordinate. The P versus t data allow the graphical or 
numerical estimation of dP/dt and d2P/dt2. The deg- 
radation constant, Kd, can then be identified as the 
negative of the slope of a plot of In (d2P/dt2) uersus t; 
the intercept, A ,  of the plot is given by Eq. 9: 


At the time, kin, at which P is noted to become mini- 
mal, the first derivative can be set equal to zero, i.e., 
(dP/dt)',,, = 0, to obtain Eq. 10: 


m Ke 100Kde-Kdtmin - ~ ( 1  - e-Kdtmin) $- me-Kdtmin In cL = 0 
Kd Cp,max 


(Eq. 10) 


Equations 9 and 10 can be solved simultaneously to 
obtain the two remaining constants, m and Cp,m,x, as 
given by Eqs. 11 and 12: 


It is apparent from this treatment that C, and P uersus 
time data collected up to a time P can be observed to 
increase, i.e., slightly beyond tmin, is sufficient for the 
determination of all the kinetic constants. Further re- 
finements in the estimated values can be obtained 
using data observed during subsequent dosing. 


For a dose equivalent to C,O administered at inter- 
vals of time equal to T,  the variation of P with time in 
the (n + 1) dosing interval can be obtained by succes- 
sively solving Eqs. 2 and 3 to obtain Eq. 13: 


mK, 
Kd2 P,+,(T) = pn(T)a-Kd4 - - (1  - C K d '  - K&) 


) (Eq. 13) m 
Kd 


- - ( 1  - e-Kd4) In 


Vol. 61, No. 6, June 1972 0 981 







where : 


and: 


i - 1  


j=O 
SdCi) = e-KdiT (Eq. 18) 


Since, S,(1) is unity, the last factor in the product R,(T) 
is given by Eq. 19: 


Se(l)6-Kd(n--1)T = 1 (Eq. 19) 


With some slight modification, the procedure de- 
scribed to obtain values for the.kinetic parameters may 
also be used with Eq. 13 to utilize data observed during 
any dosing interval. Such analyses can be performed to 
increase the accuracy of the estimates of the parameters 
obtained from the first dosing interval or to obtain 
values for the parameters after dosing has been in- 
itiated. 


The asymptotic form of Eq. 13, i.e., for a large. 
(theoretically infinite) number of doses, becomes 
relatively simple; it is shown as Eq. 20: 


K d  
P,  = P,(T)e-Kcd* - mKe(l  ~ - e-Kic - Kdt) 


where: 


and : 


Our computations reveal that for K,T or KdT values 
greater than 2, only very few terms are required in the 
summations, given by Eqs. 22 and 23, to approach their 
limiting values accurately. 


A seemingly practical limitation in the application 
of the present approach to the characterization of the 
kinetics of hypoprothrombinemically responding sys- 
tems is the inaccuracy that may be expected in the values 
of the parameters obtained from the use of graphically 
or numerically estimated values of first and second 


derivatives. The error in the parameter values may be 
diminished considerably, however, if instead of ac- 
cepting the parameter values obtained directly from 
plots and computations involving the first and second 
derivatives (as provided by Eqs. 7 and 8) as final, these 
values are treated as merely initial estimates to be itera- 
tively improved. The improvement can be accom- 
plished through successive comparisons between ex- 
perimentally determined and theoretical values of P- 
computed using either Eq. 6 or 13 as may be appro- 
priate to a given set of data-as the parameters are 
systematically varied to converge iteratively with any 
desired degree of accuracy to provide values cor- 
responding to a minimum in the sums of squares of the 
differences. Such an “iterative systematized guessing” 
approach was described previously (8, 9) and was suc- 
cessfully applied to achieve a similar “clean-up” of 
parameters arising in enzyme kinetic expressions (lo), 
multiexponential fitting to drug level uersus time data 
(9, lo), and the fitting of equations to describe dose- 
effect relationships (1 1-13). 


When the kinetic parameters describing the phar- 
macological response behavior of a specific patient have 
been determined, these relations may be further applied 
to the computation of a dosage regimen appropriate 
for achieving specifically desired reductions in pro- 
thrombin complex activity or to the prediction of the 
magnitude of future therapeutic and/or toxic responses 
to a given dosage regimen. 
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aromatic); mass spectroscopy: fragments a t  tn/e 385, 265, 238, 219, 
181 (base peak), and 135. 


And--Calc. for CnH2,G: C, 66.00; H, 6.00; mol. wt. 400. 
Found: C, 66.85; H, 6.25;  CHIO, 22.02; m/e 400. 


Lipian II-This was identified as (-)-tram-2-(3”,4”-dimethoxy- 
benzy1>3-(3 ’,4’-methylenedioxybenzyl)butyrolactone; [& ” ~ .  
-45.26” (CHCI,, c 3.8%); A:;:”: 286 and 246 nm. (log e 3.78 and 
3.76); v:;?”: 1770 (y-lactone), 1600, 1582, 1450 (aromatic), 3010, 
1460, 1340, 1250, 1140, and 1020 (CHaO and CH20)  cm.-I; NMR: 
6.18 (6H, CHaO), 4.1 2 (2H, methylenedioxy), 7.5 (4H, benzylic), 
5.8-6.0 (2H, CH? adjacent to the lactone oxygen), a doublet at  
7.06-7.12 (trati~-2H, C-2 and C-3), and 3.2-3.6 (6H, aromatic); mass 
spectroscopy: fragments a t  tn/e 235,  219, 208, 151 (base peak), 135, 
123, 95, and 77. 


Ana/.-Calc. for C?,HnOe: C, 68.10, H, 5.94; mol. wt. 370. 
Found: C, 68.15; H, 6.07; CH,O, 16.36; m/e 370. 


Deuterium Exchange of Compound 11---A small piece of sodium, 
about the size of a pinhead. was placed cautiously into 1 ml. of 
D?O; 70 mg. of Compound I1 was dissolved in a minimal amount of 
tetrahydrofuran and this was added to the sodium-D20 reaction 
mixture. Additional tetrahydrofuran was added until the reaction 
mixture was homogeneous. The mixture was allowed to stand over- 
night at room temperature; excess D20 was added to the reaction 
mixture, followed by extraction with chloroform. Drying of the 
chloroform extract over anhydrous magnesium sulfate and evapora- 
tion yielded 50 mg. of I1 deuterated alpha to the carbonyl carbon. 


Preparation of (f)-trans-2-(3”,4”,5“-Trimcthoxybenzyl)-3-(3’, 
4’-dimethoxybenzyl)butyrolactone from I--Compound 1 ( 100 mg.) 
was placed in a Pyrex tube, sealed at  one end (8 mm. in diameter), 
along with 0.8 ml. of methanol and 200 mg. of potassium hydroxide. 
The tube was sealed and placed in an oil bath maintained a t  175” 
for 7 hr. Upon completion of heating, the tube was allowed to cool 
and was opened. After adding excess water, the reaction mixture 
was extracted with three 5-ml. portions of chloroform, and the 
chloroform extract was discarded. The aqueous layer was acidified 
with 5z aqueous hydrochloric acid and again extracted repeatedly 
with 5-ml. portions of chloroform. The combined chloroform ex- 
tracts were dried over anhydrous magnesium sulfate, and the sol- 
vent was removed under vacuum (4). The residue was taken up in 
methanol and methylated with diazomethane prepared from N- 
methyl-N’-nitro-N-nitrosoguanidine (1  g.) and 40% aqueous 
potassium hydroxide ( 5  ml.) covered with ether (19.7 rnl.)‘. The 


product of this reaction was applied to TLC along with the authen- 
tic sample; the portion of the reaction product that corresponded 
to the authentic sample was purified by preparative silica gel G 
(0.5 mm.) TLC, yielding 30 mg. of product. The solvent system 
used was dichloromethane-benzene -ethyl acetate (3 :6:  1). 
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Photochemical Studies of Marijuana (Cannabis) Constituents 


WILLIAM H. ALLWARDT*, PHILIP A. BABCOCKt, ALVIN B. SEGELMANt, and JOHN M. CROSS*A 


Abstract 0 The marijuana (Cannabis) constituents, cannabidiol, 
( -)-Ag-tram-tetrahydrocannabinol, and (-)-A*-!ratzs-tetrahydro- 
cannabinol were found to be photoreactive. The only interconver- 
sion of these cannabinoids detected by GLC, however, was the 
conversion of cannabidiol to ( -)-Ag-trans-tetrahydrocannabinol. 
From a photoreaction mixture obtained by the irradiation of can- 
nabidiol, a sample of ( -)-AB-tratis-tetrahydrocannabinol was iso- 


lated and identified by GLC, optical rotation, NMR, and mass 
spectrometry. A yield of 16% was obtained. The activating energy 
for the conversion appears to be in the 235-285-nm. wavelength 
area. 
Keyphrases G Marijuana constituents--photochemical study [? 
Cannabis constituents-photochemical study 0 Cannabidiol- 
photoreactions 0 Tetrahydrocannabinols- -photoreactions 


Although a number of reports have dealt with the the presence of oxygen. These authors also observed the 
photoreactivity of various cannabinoid substances, the photoreactivity of cannabidiol in the absence of oxygen 
first definitive work i n  this area was done by Shani and (1). In the latter study, various transformation products, 
Mechoulam ( 1 ,  2). Those authors showed clearly that including ( -)-A9-frawtetrahydrocannabinol, were 
cannabidiolic acid undergoes an intramolecular photo- shown to form when solutions of cannabidiol in  differ- 
oxidative cyclization when irradiated with UV light in  ent solvents were exposed to UV radiation for rather 
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Table I-Typical Irradiation Experiment 


---Cannabinoid Irradiatedn 
-Cannabidiol- 


Irradia- A*-Isomerb A8-Isomerc Amount 
tion Amountd*e Amountd*, Amountd A''-Isomer 


Time, Remaining, Remaining, Remaining, Present, 
min. mg. mg. mg. mg. 


10 
15 
20 
25 
30 
60 
90 


120 


160.0 160.0 160.0 0 . 0  
i1i.j i37.4 i52.2 10.0 
122.7 127.6 140.5 21.5 
117.5 113.1 128.1 22.4 


91.3 24.0 98.5 101.5 
87.8 89 .0  68.6 25.4 
83.6 84.1 53.3 26.5 
75.1 75.4 44.2 22.4 
65.4 69.4 38.9 22.6 
35.0 31.9 21.2 11.5 
21.1 19.5 19.7 9 . 2  
12.9 15.3 11.5 0.0 


a Concentration of cannabinoid was 160 mg. in 320 ml. n-hexane. A 
Vycor filter sleeve was used at 29". * (-)-Aa-frans-Tetrahydrocannabinol. 
c (: )+9-rrans-Tetrahydrocannabinol. d Amount of cannabinoid re- 
maining at  time listed. e No (-)-A9-trans-tetrahydrocannabinol. can- 
nabidiol, or cannabinol was formed. I No ( -  )-~a-frans-tetrahydrocan- 
nabinol. cannabidiol, or cannabinol was formed. 


extended periods. For example, ( -)-Ag-trans-tetra- 
hydrocannabinol could only be isolated from a cyclo- 
hexane solution of cannabidiol following a photoreac- 
tion time of 22 hr. Turk et al. (3) recently presented 
evidence that approximately 95 of (-)-Ag-trans-tetra- 
hydrocannabinol was converted into cannabinol follow- 
ing storage at room temperature and exposure to  light 
for 5 months. Crombie et al. (4) showed that cannabi- 
chromene can be converted into cannabicyclol under 
irradiation with a 450-w. lamp for 4.5 hr. 


Thus far, no work has been reported that deals 
specifically with the effect of UV radiation on the bio- 
logically active cannabinoids, namely, ( -)-Ag--trans- 
tetrahydrocannabinol and ( - )-As-trans-tetrahydrocan- 
nabinol. Consequently, i t  was considered important to  
study the photoreactivity of these two substances. 
Furthermore, preliminary experiments in these labora- 
tories indicated that (--)-Ag-trans-tetrahydrocannabinol 
was formed very rapidly from cannabidiol subsequent 
to  UV irradiation. On this basis, i t  was of interest to  
reinvestigate the photoreactivity of cannabidiol using 
short-term exposures to  UV radiation. 


EXPERIMENTAL AND RESULTS 


Reagents and Standard Solutions-All reagents used were of 
analytical grade purity. Cannabidiol, cannabinol, ( -)-As-rruns- 
tetrahydrocannabinol, and ( -))-A9-frur~s-tetrahydrocannabinol were 
used l .  Separate standard solutions of these substances were pre- 
pared in n-hexane to furnish a final concentration of 0.05 g./100 
ml. in each case. These solutions were used to obtain the standard 
tracings for GLC analyses and were stored a t  4" in the dark prior 
to use. 


Irradiation-A solution of a particular cannabinoid was ir- 
radiated in a water-jacketed reaction vessel equipped with a high 
pressure quartz mercury vapor 1amp2. Dry nitrogen was bubbled 
through the reaction mixture to exclude air and to stir the mixture. 
The temperature was maintained a t  29" throughout the experiment. 


At predetermined intervals, 100-pl. aliquots were withdrawn and 
analyzed by GLC. 


1 Obtained through the courtesy of Dr. John H. Scigliano, National 
Institute of Mental Health, Rockville, MD 20852 


Hanovia L679A, Ace Glass Inc., Vineland, NJ 08360 


Table II-Column Chromatographic Separation of Irradiated 
Cannabidiol Reaction Mixture 


-Cannabinoid Detected, rng.a-. 
Fraction Numberb Ag-Isomerc Canna bidiol 


1-27 
18-22 


23 
24 
25 
26 
27 
28 
29 
30 
31 


32-36 
37-43 


0.0  
0.0 
1 .o 
2.9 
5 .3  
5 . 3  
5 . 5  
5.8 
6 .2  
7 . 0  
7 . 7  


35.9 
0.0  


0 .0  
27.4 
7.4 
8.1 
9 .5  
9 .0  
8 . 2  
7 .7  
5 . 9  
4 .0  
1 . 3  
0.0 
0.0  


a As determined by GLC. b All fractions were 20 ml. c (-))-Ao-frans- 
Tetrahydrocannabinol. 


GLC-All determinations were carried out on a gas chromato- 
graph3 equipped with a hydrogen flame-ionization detector and a 
0.32-cm. x 1.83-m. (0.125-in. X 6-ft.) stainless steel coiled column 
packed with 60-80-mesh Chromosorb W (solid phase) and coated 
with 10% silicon rubber (SE-30) (liquid phase). The injector and 
detector temperatures were maintained a t  265", while the column 
was operated isothermally a t  240". Helium was used as the carrier 
gas a t  a flow rate of 100 ml./min. Under these conditions, the order 
of emergence from the column was cannabidiol (14 min.), (-)-A*- 
trans-tetrahydrocannabinol (16 min.), (-)-A9-rrum-tetrahydro- 
cannabinol(l7 min.), and cannabinol(19 rnin.). The peak areas re- 
corded for the analyzed samples were calculated by the triangula- 
tion method (area = height X width a t  half-height) and compared 
with standard curves prepared by plotting the areas against known 
concentrations of standard cannabinoids analyzed in a similar 
manner. The conditions for the combined GLC-mass spectro- 
metric analyses were similar, except that an  all-glass coiled column 
10.32 cm. X 1.83 in. (0.125 in. X 6 ft.)] packed with 80-100-mesh 
Gas Chrom Q (stationary phase) and coated with 3 x  OV-101 
(liquid phase) was used. The injector and detector temperatures 
were kept a t  260", while the column was operated isothermally a t  
220". The order of emergence from this column was cannabidiol 
(14 rnin.), ( -)-As-trans-tetrahydrocannabinol (10.5 min.), ( -)-A9- 
trans-tetrahydrocannabinol (1 1.2 min.), and cannabinol(17.0 min.). 


Mass Spectrometric Analyses-Mass spectra were determined with 
a mass spectrometer4 using either a direct insertion probe (probe 
temperature 75-100") or the column effluent from the attached g a s  
chromatograph. All spectra were recorded a t  an ionizing beam en- 
ergy of 70 ev., and the ion source was 270". 


NMR Analyses-NMR measurements were performed with a 
Varian A-60 instrument operating at  60 MHz. The spectra were 
recorded in deuteriochloroform using tetramethylsilane as an 
internal standard. Chemical shifts were relative to tetramethylsilane 
in parts per million on the delta scale. 


Optical Rotations-Optical rotations were taken in absolute 
alcohol using a polarimeter6. 


Preliminary Irradiation Experiments-A solution of cannabidiol 
in n-hexane (0.480 g./960 ml.) was divided into three parts. One 
part was irradiated with a Vycor filter sleeve, one part with a Corex 
filter sleeve, and the third part with a Kimax filter sleeve6, all a t  29". 
At predetermined intervals, aliquots of each reaction mixture were 
analyzed by GLC as previously described. The results with the 
Vycor filter sleeve and the Corex filter sleeve were identical; (- )-A9- 
rruris-tetrahydrocannabinol was formed in each case. With the 
Kimax filter sleeve, no reaction occurred. 


When separate solutions of ( -)-As-rrurw-tetrahydrocannabinol 
and( -))-Ag-truns-tetrahydrocannabinol were irradiated in the manner 
described, each decomposed to products unknown when the Corex 
or Vycor filter sleeve was used. As was the case for cannabidiol, 


3 F & M  model 810. 


6Vycor allows the transmission of wavelengths down to 205 nm., 


4 LKB-9000. 
Rudolph model 80. 


Corex to 235 tim., and Kimax to 285 nm. 
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DISCUSSION 


It was found that under UV irradiation the three cannabinoids 
[cannabidiol, (- )-A8-trans-tetrahydrocannabinol, and ( - >Ag-rrans- 
tetrahydrocannabinol] were photoreactive. Examination of the 
reaction mixture after irradiation of (- )-A8-trans-tetrahydrocanna- 
binol and ( -)-As-tra~is-tetrahydrocannabinol showed that no 
interconversion of these substances occurred (by GLC). No 
further attempt was made to identify the decomposition products in 
these cases (Table I). In the case of cannabidiol, however, it was 
clearly shown that ( -)-Ag-trurrs-tetrahyclrocannabinol, as well as 
other decomposition products, was formed (Table I). These photo- 
reactions are summarized in Scheme 1. 


Since the maximum amount of (--)-AO-trans-tetrahydrocanna- 
binol was formed in 20 min., the preparation and identification of 
this compound were carried out by irradiation of cannabidiol in 
n-hexane for 20 min. Mass spectral analyses (direct probe and com- 
bined GLC-mass spectrometry) showed the presence of at least two 
high molecular weight species (m/e 626 and 710) as well as peaks 
corresponding to cannabidiol and (- )-A9-/rans-tetrahydrocanna- 
binol. One of these peaks (m/e 626) may be the same dimer isolated 
by Shani and Mechoulam (1) when they irradiated cannabidiol in 
methanol. 


The yield of (-)-As-trans-tetrahydrocannabinol ( l 6 z  by GLC) 
in 12-hexane was similar to that reported hy Shani and Mechoulam 
( 1 )  who isolated 13 % (->A9-trai~s-~etrahydrocannabinol after 
irradiation of cannabidiol in cyclohexane. The fact that both Vycor 
and Corex filter sleeves permitted the reaction to proceed while the 
Kimex filter sleeve did not leads us to believe that the activating 
energy for the conversion of cannabidiol to (-)-A%ans-tetra- 
hydrocannabinol lies in the 235-285-nm. area. Attempts to isolate 
the specific wavelengthk) by the method of Discher et ul. (9) and 
Felmeister and Discher (10) have not thus far been successful. 


Studies are currently in progress to determine whether the photo- 
production of ( -)-Ag-trans-tetrahydrocannabinol is practical. 


‘ b  (-)-Ag-lrans-tetrahydro- 
cannabinol I {  n 


f i  cannabidiol 


(-)-A*-trans - t e t r ahydrocannab ino l  
Scheme I- -Plrotuchemical reactions y f  some couircibinoids 


however, no change in the starting material was observed when the 
Kimax filter sleeve was used. 


The results of a typical experiment using a Vycor filter sleeve are 
shown in Table 1. 


Preparation of ( -)-A9-trans-Tetrahydrocannabinol from Can- 
nabidiol Irradiation- A solution of 0.500 g. of cannabidiol in 500 
ml. of n-hexane was irradiated for 20 min. at  29” in a vessel equipped 
with a Vycor filter sleeve. The solvent was removed under re- 
duced pressure. The oily residue was analyzed by mass spectrometry 
in two ways. Analysis by direct probe showed the presence of signif- 
icant peaks at m/e 314, 299, 271, 258, 246, 243, and 193. These 
observed peaks are characteristic for certain cannabinoids, par- 
ticularly ( -)-A9-/run.~-tetrahydrocannabinol and cannabidiol (5). 
In addition to these peaks, other peaks in the high mass region of 
the spectrum were observed a t  m/r 505, 548,626, and 710. Combined 
GLC-mass spectrometry showed only two GLC peaks. These 
GLC peaks were identified as cannabidiol and ( - )-As-trans-tetra- 
hydrocannabinol on the basis of retention time (GLC) and mass 
spectral data. 


Column Chromatographic Separation of Irradiation Mixture - 
A total of 150 g. of diatomaceous earth’ was thoroughly mixed with 
75 ml. of dimethylformamide saturated with cyclohexane. This mix- 
ture was packed into 3.7 X 60-cm. glass column according to 
De Ropp (6). The oily residue from the irradiation mixture was 
taken up in 1 ml. of cyclohexane saturated with dimethylformamide 
and applied to the top of the column, and elution was initiated with 
the same solvent mixture. The flow rate was adjusted to deliver 2 
ml./min. Fractions of 20 ml. each were collected and monitored for 
the presence of cannabinoids by spotting on filter paper, followed by 
spraying with Fast Blue B indicator (7). Those fractions showing 
positive color reactions were analyzed by GLC. These data are 
shown in Table 11. 


lsolation and Identification of ( -)-Ag-trans-Tehahydrocaanna- 
binol-Those fractions indicating only the presence of ( -)-Ag-trmrs- 
tetrahydrocannabinol (32--36 in Table 11) were pooled and reduced 
to a volume of about 50 mi. This concentrated extract was washed 
with an aliquot of water ( 3  x 50 rnl.) to remove dimethylformamide. 
The washed extract was dried (anhydrous sodium sulfate), and the 
solvent was removed to give a pale-yellow oil (31 mg.), which proved 
to be (- )-Ae-rrai~s-tetrahydrocannabinol by GLC, optical rotation, 
NMR (8), and mass spectrometry (5). 


7 Cclite 545. 
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Table IV-2-( 2-Pyrazinyl)-5-mercapto-l,3,4-oxadiazoles 


Sample Hypoglycemic Activity 
Num- Yield, Melting ---Analysis, %- -at 50 mg./kg.- 


ber R % Point Formula Calc. Found Mice5 Ratsh 


33.4 230' C7HsNaOS c 43.3 43.38 Rejected - 
H 3.1 3.15 
N 28.85 28.6 
S 16.51 16.41 


2 


3 43 198" CsHsNiOS C 46.12 46 Rejected - 
H 3.87 3.72 
N 26.93 26.1 
S 15.36 is. 43 


a Accepted = hypoglycemic activity > then that of tolbutamide at the same dosage. Maximal hypoglycemic activity as percent decrease in compari- 
son to controls. Tolbutamide activity = 38 %. 


compounds synthesized by the above-mentioned authors but, under 
our conditions, found no hypoglycemic activity. 


(7) M. Girard, Compt. Rend., 225, 458(1947). 
( 8 )  R. W. Young and K. H. Wood, J. Amer. Chem. Soc., 77, 


(9) E. Hoggarth, J. Chem. Soc., 1952, 4811. 
400(1955). 
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Synthesis and Antimicrobial Activity of 
Thiocarbohydrazide-1,5-dicarboxylic Acid Diesters 


I. LALEZARI'., N. REZVANI, and F. MALEKZADEH 


Abstract 0 Eight thiocarbohydra;ride-1,5-dicarboxylic acid diesters 
were prepared and found to be active against some pathogenic 
microorganisms. activity-eight thiocarbohydrazide-l,5-dicarboxylic acid diesters 


Keyphrases Thiocarbohydrazide-l,5-dicarboxylic acid diesters- 
synthesis, evaluation of antimicrobial activity 0 Antimicrobial 


Recently the synthesis and antiviral and antibacterial were reported. In the present work, a series of thiocar- 
activities of N-thiadiazolylcarbamic acid esters (1, 2) bohydrazide-l,5-dicarboxylic acid diesters was syn- 
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Table I-Thiocarbohydrazide-1,5-dicarboxylic Acid Diesters ROOCNHNHCSNHNHCOOR 


Melting Yield, -- Analysis, z- 
Compound R Point z Formula" Calc. Found 


170" 


150" 


150" 


90" 


90" 


120" 


160" 


210" 


67 


73 


71 


65 


72 


57 


53 


80 


C 27.02 
H 4.50 
C 33.60 
H 5.60 
C 38.84 
H 6.47 
C 43.13 
H 7.18 
C 43.13 
H 7.18 
C 39.41 
H 5.10 
c 55.54 
H 4.81 
C 52.02 
H 4.04 


27.10 
4.55 


33.65 
5.51 


38.72 
6.52 


43,08 
7.23 


43.16 
7.12 


39.36 
5.08 


55.50 
4.90 


51.89 
4.10 


a All compounds were subjected to IR, NMR, and mass spectroscopy and the results were as expected. 


Table 11-Antimicrobial Activity 


Concentration, -- Zones of Inhibition, Average Size, mm. 
Compound mcg./ml. E . c .~  P.V. K.p. B.s. B.a. S.a. 3 . a .  Ps.a. 


1 5000 
500 


2 5000 
500 


3 5000 
500 


6 5000 
500 


7 5000 
500 


50 
36 
20 


34 


22 


- 


- 


- 
- 
- 


45 
17 
20 


34 
23 


- 


- 
- 
- 
- 


50 
28 
- 
- 
47 
26 
22 - 
- 
- 


48 
18 
20 


36 
28 
25 


36 
16 


- 


- 


42 
22 
22 


36 
25 
28 


40 
16 


- 


- 


33 
- 
- 
- 
35 
20 
35 
16 
38 
18 


~ E . c .  = E .  coli, P.,v. = P .  uulgaris, 1c.p. = K.pneumotiiae. B.s. = B. subtilis, B.a. = B. anthracis. S.a. = S .  aureus, St.a. = S.  albrrs, and Ps.a. 
= P .  ueruginosa. Microbial cultures were obtained from Pahlavi Medical Center of Tehran University. 


thesized by interaction of the appropriate chloroformic 
ester and thiocarbohydrazide. The physical data of the 
compounds prepared are reported in Table 1. 


EXPERIMENTAL1 


,411tirnicrobial Activity-All compounds were tested against 
Escherichia coli, TUHPl2; Proteus uulgaris, TUF2l ; Pseudomonas 
aeruginosa. TUF41; Klebsielh pneumoniae, TUHP35; Bacillus 
anthracis, TU25 ; Bacillus subtilis, W; Staphylococcus aureus, TU200; 
and Stuphylococcus albrts. TUMA201. 


Aqueous solutions of 5000 mcg./ml. of each compound were pre- 
pared and filtered through a seitz filter. Dilutions were made with 
sterile, distilled water to obtain 500 and 50 mcg./ml. Nutrient agar 
was used as a culture medium. There were six replicates for each 
dilution. 


Caves of 14 mm. were removed from the center of each plate, and 
0.4 ml. of each solution was placed in the well. After incubation at  
37 i 0.5" for 58 hr., the inhibition zone was measured. Compounds 
4, 5, and 8 were found to be inactive on all microorganisms tested. 
All other compounds were also inactive a t  concentrations of 50 
mcg./ml. 


I Melting points were taken on  a Kofler hot-stage microscope and 
are uncorrected. The IR spectra were determined with a Leitz model 
111 spectrograph. NMR spectra were obtained on a Varian A60A in- 
strument. The mass spectra were recorded on a Varian Mat 111 In- 
strument. 


The antimicrobial activity of the compounds are reported in 
Table 11. 


Thiocarbohydrazide-l,5-dicarboxylic Acid Di-ti-butyl Ester- 
Powdered thiocarbohydrazide and twice its weight of chloroformic 
acid rz-butyl ester were mixed and allowed to stand at  50" for 2.5 hr. 
The pasty reaction mixture was then mixed with 10 parts of hot 
distilled water. The excess of chloroformic ester was decomposed, 
and the diester was dissolved. On cooling, white crystals were sepa- 
rated and recrystallized from water. The IR (KBr) spectrum re- 
vealed bands characteristic of the N-H groups in the regions 3260 
and 1205 cm.-' and the C=O groups at  1700 and 1760 cm.-'. 
NMR (CDCI,): I . lZ(t ,  6, 2CHs), 1.7 (m, 8, 4CH2), 4.3 (t, 4, 2CH2), 
7.87 (bs, 2, 2NH), and 8.8 (bs, 2. 2NH). Mass ni/e 306. 


The other compounds were prepared similarly. 
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Erythrina-Chemical and Pharmacological Evaluation 11: 
Alkaloids of Erythrina variegata L. 


S. GHOSAL', S. K.  DUTTA, and S. K.  BHATTACHARYA* 


soluble hydro- 
chlorides 


uncharacterized bases 
(7 mg.), RI 0.22 and 0.34; 
Amax. 232 (inflection), 285 
nm.; erythraline (21 mg.) 


Abstract 0 Eight spiroamine alkaloids (I-VIII) and three car- 
boxylated indole-3-alkylamines (IX-XI) were isolated from the 
various parts of Erytlrrinu uariegafu, and their identity was es- 
tablished by chemical and spectral (UV, IR, NMK, and mass) 
methods. Of the eight spiroamine bases isolated, three (1, VI, and 
VII) were previously unreported in nature, while methyl esters of 
hypaphorine (X) and N,N-dimethyltryptophan (XI) were isolated 
for the first time from this genus. Isolation of the two alkaloids 
(VI and VII), which lie in the natural biosynthetic pathway to the 
aromatic erythrina alkaloids, is of considerable biogenetic and 
chemotaxonomic significance. Selected pharmacological studies 
with the total alkaloid fraction from the bark showed several 


(42 mg.) uncharacterized 
bases (12 mg.) 


(D) alkaloid mixture (E) water-soluble 
I 


bases 
1 .  NaOH 


1 .  NaHCOa 
2. CHCh 


characteristic pharmacological effects: neuromuscular blocking, 
smooth muscle relaxant, CNS depressant, hydrocholeretic, and 
anticonvulsant effects, which are consistent with the reported uses 
of the plant extracts in the indigenous system of medicine. 


Key phrases 0 Eryrhrilia uariegara-isolation, identification, phar- 
macological evaluation of eight spiroamine alkaloids and three 
carboxylated indole-3-alkylamines 0 Spiroamine alkaloids-iso- 
lated, identified from Erythrirru uuriegaiu Alkaloids, erythrina- 
isolation, identification, pharmacological evaluation of 1 1 con- 
stituents of Erytlrrina oariegafa 0 Medicinal plants-isolation, 
identification, pharmacological evaluation of I 1 constituents of 
Erythrina aarieguta 


I 
(B) alkaloid mixtures 


A1203 


Erythrina variegata L. var. orientalis (L.) Merrill 
(syn. E. indica Lam.) (Family: Leguminosae) is a tall 
tree, reaching about 18 m. in height, and is widely dis- 
tributed in India in deciduous forests (1). Extracts of 


different parts of the plant find use in the indigenous 
system of medicine for various purposes: the barks are 
used as an astringent and a febrifuge, in liver troubles 
and in epilepsy, as a nervine sedative and an anti- 


2. CHCls 


(26 mg.); choline __ 
hypaphorine 
(19 mg.) 
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asthmatic, and as a collyrium in ophthalmia; the leaves 
are used as a stomachic and diuretic and for relieving 
pain in joints. 


In a recent communication (2) from this laboratory, 
the occurrence of six spiroamine alkaloids and hypa- 
phorine in this species was reported. The initial phyto- 
chemical work has now been complemented by detailed 
identification of the minor basic constituents from the 
bark, localization of the alkaloidal entities in the various 
parts of the plant, and selected pharmacological studies 
with the total alkaloid from the bark, with a view to 
identifying the active principle(s) of this vegetable 
drug. 


EXPERIMENTAL' 


Chemistry-The principle of isolation and separation of the 
alkaloids involved utilization of differential solubility of the alka- 
loids in solvents of graded polarity (petroleum ether, chloroform, 
and ethanol) in the presence and absence of fat, difference in 
base strengths, and phenolic and nonphenolic characters. The 
alkaloid mixtures from the petroleum ether and ethanol extracts 
were broadly divided into two groups: chloroform-soluble hydro- 
chlorides and chloroform-insoluble hydrochlorides. Subsequently, 
the alkaloids were separated into phenolic and nonphenolic en- 
tities in the usual way (3). 


The individual alkaloids were obtained by repeated chroma- 
tography of the mixtures over neutral alumina (Brockmann grade 
111). Monitoring of the column chromatographic runs was 
accomplished at each stage of purification by TLC2. The watei- 
soluble bases were isolated as their reineckates and precipitated at 
two pH levels (approximately 2 and 8). The bases were regenerated 
from their reineckate salts by passing their ethanolic solutions 
over columns of De-Acidite FF (pH - 8) (3). Petroleum ether 
(40-60"), benzene, chloroform, methanol, and different propor- 
tions of mixtures thereof were utilized as eluents in the column chro- 
matographic runs. TLC was done with n-butanol-acetic acid-water 
(4:  I :5) as the developer, and Dragendorff and Ehrlich reagents were 
used for staining purposes. 


In a typical experiment, dried and ground trunk bark of E.  
Darkgalas was processed for alkaloids as shown in Scheme I. 


The identity of the known alkaloids (Scheme I) was established 
by their co-TLC behavior with marker samples4, by chemical trans- 
formations into suitable derivatives, and from correspondence of 
melting point, optical rotation, UV, IR, NMR,  and mass spectra of 
the alkaloids and their derivatives with those reported in the litera- 
ture (4-7). Characterization of the new alkaloids only is described 
here. 


Erysodienone (VI1)-The mixture of alkaloids from Fraction B 
(122 me.) was chromatographed over alumina (18 X 1.2 cm.). 
Elution with chloroform gave erysodienone, which crystallized from 
ethanol as straw-colored needles, m.p. 222-225" [lit. (5, 6) m.p. 
223 and 230", respectively]; Amax, :  24&242(loge, 4.32) and 285 nm. 
(log t. 3.55); vrnax. : 3533, 3286, 1672, 1655, and 1614 cm.-'; 6 6.66 
(s, IH), 6.28 (t, lH),  5.98 (s, lH), 3.72 (s, 3H), 3.63 (s, 3H), and 
2.2-3.7 (complex, 8H); m/e 313 (M+, 7473, significant peaks at m/e 
298 ( 3 9 ,  282 (base peak), 270 (18), and 254 (22). The spectral 
properties of the alkaloid are indistinguishable from those of eryso- 
dienone reported in the literature (6-8). 


Erysodienol-Erysodienone (VII) ( I  2 mg.) was dissolved in 
methanol (9 ml.), and sodium borohydride (48 mg.) was gradually 


1 Melting points were determined on a Toshniwal apparatus in open 
capillary and are uncorrected. Except where stated otherwise, IR spec- 
tra were measured i n  KBr pellets on  a Perkin-Elmer 257 iiistrument and 
UV spectra were determined with aldehyde-free ethanol on a Cary 14 
spectrophotometer. N M R  spectra were run on a Varian A-60 D spec- 
trometer in CDCh Mass spectra were recorded with an A.E.I. MS-9 
double-focusing spectrometer with an ionizing potential of 70 ev.; 
samples were directly inserted on a probe. 


3 The plant material used was supplied by United Chemical and Allied 
Products, Calcutta-1, India, and a voucher specimen is available with 
them. 


4 The authors are grateful to Professor V. Prelog for samples of ery- 
thrina alkaloids. 


Silica gel G ,  E. Merck. 


added at  ordinary temperature. The mixture was kept at room tem- 
perature for 2 hr. The solvent was removed, water (15 ml.) was 
added, and the suspension was extracted with chloroform (two 
25-ml. portions). The organic layer was washed with water and 
dried (calcium chloride), and the solvent was removed when erysodi- 
enol was obtained as light-brown microneedles. m.p. 127-129" 
[lit. (6) m.p. 131'3; urnax. (mineral oil): 3455 (OH) and 1645 (C=C) 
cm.-*, and no  carbonyl absorption was observed; m/e 315 (M+, 
lOOz), significant peaks at m/e 300 (24), 298 (52), 284 (78), and 241 
(66). 


Erysopitine ( V I t T h e  mixture of phenolic bases from Fraction F 
was chromatographed over alumina (18 X 1.2 cm.). Elution was 
done with chloroform and chloroform-methanol. Chloroform- 
methanol (95 :5) eluates gave erysopitine, C17H2,N04, m.p. 168- 
171"; [a]: +148" (c 0.52, ethanol); Amax, :  285-287 nm. (log e, 
4.31); m/e 303 (M+, 92%), significant peaks at m/e 288 (18), 271 
(base peak), and 245 [(41), M-CH2=CHOCH3 (XII)]. 


Transformation of VI into Erysotrine-Erysopitine (14 mg.) 
was dissolved in ether (20 ml.), and ethereal diazomethane was 
added in excess. The mixture was kept at ordinary temperature 
overnight. The gummy residue, obtained after removal of the sol- 
vent, was treated with methanesulfonyl chloride (0.5 ml.) and 
pyridine (0.5 ml.) at 0". The mixture was kept at  0-5" for 3 hr. and 
then at ordinary temperature overnight. The product was triturated 
with water (10 ml.), basified (sodium bicarbonate), and extracted 
with chloroform (two 25-ml. portions). The chloroform layer was 
washed with water and dried (calcium chloride), and the solvent 
was removed. The thick brown liquid showed TLC behavior identi- 


Table I-Relative Percent Yield and Abundance of 
E.  uariegata Alkaloids 


Total Alkaloid---------. 
Root Trunk 
Bark Bark Leaves Seeds 


Component (0.088%) (0.1273 (0 .04z)  (0.11 %) 
Alkaloids -- Relative Abundance---- 


Erysotrine (I) 
Erysodine (11) 
Erysovine (111) 
Erythraline (IV) 
Erysopine (V) 
Erysopitine4 (VI) 
Erysodienone (VII) 
Erysonine (VIII) 
Hypaphorine (IX) 
Hypaphorine methyl 


ester (X) 
N,N-Dimethyltrypto- 


phan methyl ester 
(XI) 


Choline and un- 
characterized bases 


Traces 
34 
Nil 
Traces 
9 
Nil 
Nil 
3 
42 
Traces 


4 


6 


40 10 12 
15 14 Traces 
2 3 Nil 


7 3 10 
5 Nil Nil 


11 Nil Traces 


4 Nil Traces 
2 Nil Traces 
3 45 51 
4 6 6 


4 Nil Traces 
2 Nil Traces 
3 45 51 
4 6 6 


2 2 3 


5 17 16 


HO A J  
VIII: erysonine IX: hypaphorine 


/ 
HO 


XI1 


.Since the name erysotine has recently been given to a synthetic 
erythrina alkaloid (8). we propose to change the name of this naturally 
occurring base from erysotine (2) to erysopitine. 
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I: erysotrine (R,  =R, = CH,) 
11: erysodine (R, = CHJ, RL = H) 


111: erysovine ( R ,  = H. RL = CH,) 
IV: erythraline(R, +R2 =-CH,-) 


VI: erysopitine 


HO 


V: erysopine(R, = Ri =H) CH,O 


VII: erysodienone 


cal with an authentic sample of erysotrine; m/e 313 (M+, 92%). 
significant peaks at m/e 298 (23) and 282 (base peak); A,,,,.: 235 
(log e ,  4.34) and 282-285 nm. (log e ,  3.51). 


N,N-Dimethyltryptophan Methyl Ester (XI)-Fraction G afforded 
a pale-brown gum, R, 0.52, Ehrlich: blue; Amax.: 222-224 (log e ,  
4.42), 282 (log e, 3.79), and 292-295 nm. (log c ,  3.76); vmax.: 3312 
(NH), 2855 (NCH3), and 1722 (C02CHa) cm.-l; [ a ] ~  -59" (c 0.71, 
ethanol) [lit. (9) 65". ethanol]; 6 2.29 [s, 6H, N(CH&], 3.25 (dd, 
lH), 3.32 (s, 3H, OCH3), 3.54 (dd, IH), 4.45 (s, lH),  and 7.0-8.2 
(complex, 5H); nt/c 246 (M+,  78:<7,), significant peaks at m/e 183 
(M-COICH~), 130 [base peak, M-CH(C0,CHs)-N(CH3),], and 
116 [M-CH,CH(CO2CH3)-N(CH,),1. The alkaloid methiodide 
crystallized from ethanol as prisms, m.p. and mixed m.p. 208-209". 


Hypaphorine Methyl Ester (X)-The reineckate salt from Frac- 
tion E, separated under basic condition, was dissolved in ethanol 
(30 ml.) and was passed over a column of De-Acidite FF (pH -8). 
The regenerated based showed two spots, R, 0.18 and 0.45, on TLC 
plates. The mixture was taken in water and treated with a drop of 
aqueous potassium iodide (10%). The solvent was removed on a 
steam bath, and the residue was crystallized from absolute alcohol. 
Hypaphorine methyl ester iodide separated as light-cream-colored 
needles, m.p. 207-209". 


Aritr/.--Calc. for Ci:,Hil1N?OL: C, 46.38; H, 5.41; I ,  32.72; N, 
7.21. Found: C, 46.26; H, 5.37; I ,  32.04; N, 6.69. 


The total percent yield of the alkaloids and the relative abundance 
of the individual bases in the various parts of E.  uariegatu are shown 
in Table I .  The mean of three determinations was taken. 


PHARMACOLOGY 


Details of the testing protocol of the positive findings are reported. 
Animals-Albino mice (20-30 g., bred from CDRI strains), 


albino rats (150-200 g., bred from CDRI strains), rabbits (1- 
1.1 5 kg.), guinea pigs (0.5-0.75 kg.), frogs (75-100 g.), and mongrel 
dogs (1G15 kg.) were used. 


Drug Preparation and Administration-A stock solution of the 
total alkaloids (50 mg./ml.) was prepared in dilute ayueous hydro- 
chloric acid (final pH 4). Subsequently, drug administration was 
by the intraperitoneal or intravenous route. 


Gross General Observations-Groups of five albino mice were 
placed in cages 30 min. prior to administration of the test com- 
pound for general gross observations by the method of Irwin (10). 
Subsequently, these same groups were given the total alkaloids in 
doses of 10. 20, 40, or 80 mg./kg. i.p.; gross behavioral changes 
were recorded at 15, 30, 60, and 120 min. following injections. 


Pentobarbital Sleeping Time-Forty rats, divided into four groups 
of 10 rats each, were used. One group received only the vehicle, 
while the three remaining groups received 2.5, 5 ,  and 10 mg./kg. 
i.p. of the total alkaloids. Thirty minutes later, all groups were 
administered pentobarbital (30 mg./kg. 1.p.). The time in minutes 
between injection of pentobarbital and the regain of the righting 
reflex was taken as the duration of sleeping time. The results are 


expressed in terms of percent increase in the sleeping time of the 
treated group over the control group. 


Effect on Skeletal Muscle-Isolated frog's rectus abdominis 
muscle was used (1 1). The initial testing of the total alkaloids was 
done, using different concentrations (5-50 mcg./ml.), against acetyl- 
choline- ( 5  mcg./ml.) and potassium chloride- (3 mg./ml.) induced 
spasms. The results were compared with those of tubocurarine. 
Spasmolytic EDso's of the test compound and of tubocurarine 
against acetylcholine were calculated by plotting log dose-per- 
cen tage in hi bi tion curves. 


Rabbit Head Drop Method (12)-Ten rabbits, divided into two 
groups of five each, were used. Slow intravenous injection of the 
total alkaloids in doses of 5, 10, 15, 20, and 25 mg./kg. was given 
through the marginal ear vein of one group. The other group re- 
ceived tubocurarine in doses of 0.1, 0.25, 0.5,0.75, and 1.0 mg./kg. 
The minimum dose required to produce the characteristic head drop 
and subsequent inability to lift it in spite of a sharp tap on the fore- 
head was noted. The mean of five such experiments was taken. 


Effect on Smooth Muscles-The effect of the total alkaloids was 
noted in isolated guinea pig ileum preparations (13) against spasms 
induced by acetylcholine (0.01 mcg./ml.), histamine (0.01 mcg./ml.), 
and barium chloride (0.2 mg./ml.). Likewise, the effect of pretreat- 
ment with the total alkaloids in isolated rat uterus preparations (14) 
against spasms induced by acetylcholine (0.1 mcg./ml.), serotonin 
(0.01 mcg./ml.), and oxytocin (0.01 U./ml.) was noted. The spas- 
molytic EDso of the drug was calculated by plotting log dose-per- 
centage inhibition curves against each spasmogen. 


Effect on Perfused Frog Heart-The total alkaloids were adminis- 
tered to perfused frog heart in doses of 0.5-2.0 mg. The effect of 
atropine (10 mcg.) pretreatment on the drug response was also 
noted. 


Effect on Biliary Flow (15)-In a pentobarbital- (35 mg./kg. i.p.) 
anesthetized dog, the bile duct was cannulated and the cystic duct 
was ligated. Bile secretions were collected at 30-min. intervals; 
when the bile flow stabilized, the drug was injected in a single dose 
of 1 mg./kg. i.v. Subsequently. bile samples were collected at 30- 
min. intervals for 180 min. The total solids per milliliter of each 
bile sample were also noted. 


Anticonvulsant Effect-Sixteen rats, previously screened as "tonic 
extenders," were divided into four groups of four rats each. Three 
groups were given 2.5, 5 ,  and 10 mg./kg. of the total alkaloids, 
while the last group received the vehicle. Thirty minutes after ad- 
ministration of the test compound, all rats were subjected to  maxi- 
mal electroshock, as described by Swinyard et u/.  (16). Anticon- 
vulsant activity was considered when protection against the tonic 
extension of hind limbs was afforded to the animals. In another set 
of experiments, all rats. after administration of the total alkaloids, 
were tested against pentylenetetrazol-induced convulsions accord- 
ing to  the method of Goodman e t a / .  (17). 


Determination of LD5,Adult male rats in groups of four were 
given the total alkaloids in doses of 25, SO, 100, and 200 mg./kg. 
and were observed for 24 hr. The LDa  was calculated by the method 
of Litchfield and Wilcoxon (18). 


RESULTS AND DISCUSSION 


Eight aromatic erythrina alkaloids (I-VIII) and three carboxy- 
lated indole-3-alkylamines (IX-XI) were isolated from the trunk 
bark of E .  oarieguio, and their identity was established by chemical 
reactions and spectral (UV, IR, NklR, and mass) evidence. The 
relative abundance of these alkaloids and a number of uncharacter- 
ized bases, in various parts of the plant, was also determined (Table 
I). Of the eight erythrina alkaloids isolated to date from this plant, 
three ( I ,  VI, and VI1) were not reported in nature until this investiga- 
tion. Also, the occurrence of methyl esters of hypaphorine (X) and 
N,N-dimethyltryptophan (XI) was reported for the first time in this 
genus. Hypaphorine was earlier recorded in  many erythrina species 
(4) and was recently found in two other genera--riz., Desmodium 
(19) and Abrirs (20), of the family Leguminosae; its occurrence out- 
side this family is, however, not known so far. 


In addition to the mentioned 11 alkaloids, two apparently new 
minor spiroamine alkaloids, which readily isomerized into sub- 
stituted indoles, were isolated fiom this plant. Besides these bases, 
liberal amount of choline was isolated from all parts of E .  variegara. 


Two of the eight aromatic erythrina alkaloids reported in this 
paper are the recently established biosyilthetic intermediates to 
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many erythrina alkaloids (8). Thus, incorporation of erysodienone 
(VI[) into a number of aromatic erythrina alkaloids was recently 
shown by Barton et al. ( 5 ,  8 ) .  Also, erysotine, the Cls-methyl ether 
of erysopitine (VI), was shown to be a precursor of erythraline 
(IV) (8) .  In view of these observations, isolation of several spiro- 
amine alkaloids and their precursors from E. uariegata is of con- 
siderable biogenetic and chemotaxonomic significance. 


The total alkaloids from the trunk bark of E. uariegata showed 
several characteristic pharmacological effects: neuromuscular block- 
ing eflect of the antidepolarizing type. smooth muscle relaxant effect, 
and also hydrocholeretic, CNS depressant, and anticonvulsant 
effects. 


The total alkaloids produced hind-limb paralysis in albino rats 
and mice in doses of 10-20 mg./kg. The ability of the animals to 
climb on an inclined plane and stay on a revolving drum was mark- 
edly reduced. 


The total alkaloids in doses of 5 mg./kg. potentiated pentobarbital- 
induced hypnosis. The sleeping time in the drug-pretreated group 
was 85% more than in the control group. The mean sleeping time 
f SE in the control group was 33.6 + 4.1, whereas it was 62.4 f 6.3 
in the drug-pretreated group. The effect was statistically significant 
( p  < 0.005). 


The total alkaloids specifically blocked acetylcholine-induced 
spasms without altering the spasms induced by potassium chloride. 
The spasmolytic EDjo against acetylcholine was 10.2 mcg./ml. as 
against 1.05 mcg./ml. for tubocurarine. It also produced the char- 
acteristic head drop in rabbits in a dose of 10 mg./kg. ; tubocurarine 
produced this effect in a dose of 0.75 mg./kg. 


The total alkaloids showed a weak spasmolytic action against the 
spasmogens histamine, acetylcholine, and barium chloride on iso- 
lated guinea pig ileum. Jt produced a similar spasmolytic effect 
against the spasmogens acetylcholine, serotonin, and oxytocin on 
isolated rat uterus. The spasmolytic actions were nonspecific, and 
the ED,, of the drug against the spasmogens varied from 0.5 to 2.5 
mg./ml. 


The drug produced a moderate negative inotropic and chrono- 
tropic effect in doses of 0.5-2.0 mg. in perfused frog heart. The effect 
was a direct depressant one, since it was not blocked by atropine. 


The total alkaloids produced a marked increase in bile secretion 
in a dose of 1 mg./kg. From the preinjection level of 2.4 ml., the bile 
volume increased to 6.1 ml. (2.5 times) 30 min. after drug 
administration and the effect passed off after 180 min. The effect 
was found to be only hydrocholeretic since the increase in bile vol- 
ume was due to an increase of the fluid portion of the bile, the total 
solid decreasing with an increase in the bile volume. 


The total alkaloids in a dose of 5 mg./kg. produced 80% protec- 
tion ( p  < 0.001) to albino rats against maximal electroshock-induced 
convulsions and 56% protection (p < 0.001) to these animals 
against pentylenetetrazol-induced convulsions. 


Acute toxicity of the drug following intraoeritoneal administra- 
tion, calculated-as LDno (mglkg.) (witk95 
was 127.8 (91.6-176.3). 


fiducial limits, mg./kg.), 


The reported uses of the extracts of E. uariegata in the indigenous 
system of medicine ( I )  as a remedy for biliousness, in liver troubles, 
in epilepsy, and as a nervine sedative could be correlated with the 
observed pharmacological effects of the total alkaloids from its 
bark. The other uses of this and related plants, such as laxative, 
diuretic, and antiasthmatic uses, would seem to be due to the inter- 
mediate alkaloids (dopamine, N-norprotosinomenine, and equiva- 
lents) to the spiroamines. A recent report of the occurrence of N- 


norprotosinomenine in Erythrina lithosperma Blume (21) is signifi- 
cant from this latter point of view. Further search for isoquinoline 
bases in E.  uariegata and in related taxa is underway. 
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Solubility of Nonelectrolytes in 
Polar Solvents 


Keyphrases Solubility-nonelectrolytes in polar solvents 0 
Nonelectrolyte solubility-polar solvents 


Sir: 


It is generally recognized that established solubility 
relationships dealing with ideal and regular solutions 
are not well suited to the needs of the pharmaceutical 
chemist, because he is concerned primarily with aqueous 
and semiaqueous solutions of relatively nonpolar sub- 
stances. The need for an understanding of the factors 
that govern solubility in  polar solvents, for which regular 
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Figure 1-Dependence of solubility of some alkyl p-aminobenzoates 
upon solonit composition. AN meusuremen:~ were performed at 37". 
Key: a, ethyl; A, butyl; V, hexyl; +, octyl; arid 8, dodecyl. 
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Figure 2-Dependence of solubility upon chain leiigrh in various 
solvent mixtures. This graph contains the same data as Fig. I but 
replotted to show the linearity of chain length effects. Solvent: A, 
propylerie glycol: B ,  80% propylene glycol: C ,  60% propylerie 
glycol; D, 4 0 z  propylene glycol; E,  20% propylerie glycol; and F,  
water. The breaks in the curves at four carbons were explained pre- 
viously (7). 


solution theory is not applicable, is quite clear. Persuant 
to this need, we have concerned ourselves with the 
investigation of solubility relationships which are useful 
in determining solubility in aqueous and other polar 
media. 


Observations to date of our own data and literature 
data (1-5) indicate that for many drugs and druglike 
substances in binary aqueous systems: 


log SJ = log s/-0 + € f  (Eq. 1) 


where S, is the solute solubility in a mixed binary aque- 
ous solvent consisting of volume fraction f of non- 
aqueous cosolvent; thus, S,,o is the solubility in water. 
The value of the constant E is characteristic of the sys- 
tem under study. Results of investigations on the solu- 
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bility of some n-alkyl p-aminobenzoates in various 
binary solvent systems consisting of propylene glycol 
and water are shown in Fig. 1. It can be seen from the 
data in Fig. 1 that the slopes of the lines (Le., the value 
of 6) increase with the increasing chain length of the 
ester, In other words, the more nonpolar the homolog, 
the greater is its dependence upon the volume fraction of 
the nonaqueous component. 


I t  has been noted (5-10) that frequently in water and 
other pure solvents: 


log S ,  = log Lo - 6n 0%. 2) 
where S,  is the solubility of the homolog having n 
carbons in its alkyl chain, and S,,,, is the intercept at  a 
real or hypothetical chain length of zero. We have also 
noted that this relationship can be valid for homologous 
series in mixed solvents of any composition. As can be 
seen from the slopes of the lines in Fig. 2, the value of 
6 for the alkyl p-aminobenzoates is highly dependent 
on the solvent composition. [The breaks in the curves at 
four carbons were explained previously (7).] 


It was postulated by other investigators (10-15) that 
solubility is determined in part by the combined energy 
required to create a cavity in the solvent which can 
accommodate the solute molecule and the energy in- 
volved in the insertion of a solute molecule into the 
cavity. For nonpolar materials, these processes can be 
highly influenced by the molecular hydrophobic surface 
area. To be specific, we have observed that the above 6 
and E values can be related to the interfacial tension 
between the polar solvent or solvent mixture and a low 
energy hydrocarbon surface such as hexane, multiplied 
by the hydrophobic surface area of the homolog that 
would be exposed to the polar solvent. This work and 
some of its ramifications will be reported more com- 
pletely in a forthcoming publication'. 
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Magnesium Lauryl Sulfate- 
Soluble Lubricant 


Keyphrases 0 Magnesium lauryl sulfate-evaluation as tablet 
lubricant 0 Lubricants, tablet-evaluation of magnesium lauryl 
sulfate 0 Tablet lubricants-evaluation of magnesium lauryl 
sulfate 


Sir: 


Lubricants are usually required in tablet and capsule 
formulations. Magnesium stearate is the most widely 
used lubricant, but its waterproofing properties can 
retard disintegration and dissolution. Thus, surfactants, 
such as sodium lauryl sulfate, are often added to formu- 
lations to counteract the waterproofing action of mag- 
nesium stearate (1, 2). We searched for a compound 
with the lubricating properties of magnesium stearate 
but without its waterproofing liability. We found one 
effective in three of four formulations studied. 


The criteria against which the lubricants were mea- 
sured were : 


1. Will the formulation run? 
2. What is the unit tablet or capsule weight variation 


from the mean (i.e.,  the variance)? In each study, we 
tested for differences in weight variability given by two 
different batches by forming the ratio of these variances. 
If the two batches give weight distributions having equal 
variances, this ratio has the F distribution and one can 
test the hypothesis of uniform variance. In the first 
study, a tablet granulation with terra alba (89.9 z), 
a-cellulose (4.8 x), acacia ( I  .2 x), and sucrose (4.1 %) 
was used. Starch ( 5 % )  and the lubricant (Table I) were 
added with adequate mixing, and the granulations were 


Table I-Tablets 
~ ~ 


Mean Tablet 
Lubricant Weight", mg. CV, % 


0 . 5 %  


0 .25% 


0.125% 


0.25% 
0.125% 
0.0625 % 


0 . 5 %  


0.5% 
0.25% 


0 . 5 %  


0.01 25 % 


0 . 5 %  


0 . 5 %  


None 


Magnesium lauryl 


Magnesium lauryl 


Magnesium lauryl 


Magnesium stearate 
Magnesium stearate 
Magnesium stearate 
Magnesium stearate 


Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 


Talc 


sulfate 


sulfate 


sulfate 


Polyethylene glycol 
6000 


Dioctyl sodium sulfo- 
succinate (85Z)  and 
sodium benzoate 
(15%) 


1191.9 


1238.5 


Would not 
compress 
1191.2 
1229.0 
1200.5 


Would not 
compress 
1233.5 
1246.1 


Would not 
compress 


Would not 
compress 


Would not 
compress 


Would not 
compress 


Would not 
compress 


1.80 


1 . I 7  


1.84 
1.88 
2 .10  


2.59 
2 .65  


~~ 


a Twenty tablets were taken at regular intervals during a run, and 
20 tablets were taken at random from a completed batch. Statistical 
evaluation of tablet weight variation data showed that sequential 
weight data and random weight data had roughly equal variability; 
variance estimates from the two sets were, accordingly, pooled. 
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Complete tablet disintegration is defined by N F  XI11 
(1) as: " .  . . that state in which any residue of the 
tablet, except fragments of insoluble coating, remaining 
on the screen is a soft mass having no palpably firm 
core." This often makes tablet disintegration a neces- 
sary first step to achieve rapid availability of the active 
ingredient(s). The importance of tablet disintegration 
was recognized as early as 1879 when a patent recom- 
mended that pills be perforated to  admit gastric juice 
for better disintegration (2). This review will only dis- 
cuss uncoated peroral tablets designed to  release all of 
the active ingredient(s) rapidly. 


Many compounds have been proposed as tablet dis- 
integrants. Proposed and presently used tablet dis- 
integrants are presented in Table I. 


MECHANISM OF ACTION OF DISINTEGRANTS 


Evolution of a Gas-The reaction of sodium bicarbon- 
ate with citric and tartaric acids to  yield carbon dioxide 
is the basis of effervescent tablets. The use of certain 


peroxides is based on the fact that they decompose in 
the presence of moisture to  release oxygen, which is sup- 
posed to  cause the tablet to disintegrate. In practice, 
they did not perform well. 


Adsorption-It has been proposed that the heat of 
wetting of the ingredients that occurs when the tablet is 
immersed in a fluid causes the entrapped air in the tablet 
to  expand, thus producing tablet disintegration (85, 86). 


Matsumaru (87) calculated the heat of absorption of 
water by the Brunauer, Emmett, and Teller method and 
claimed it is an important factor in tablet disintegration 
because the decrease of this heat due to tablet compres- 
sion agrees with the fact that disintegration times in- 
crease. This was found with aluminum silicate (86). 
Prior absorption of moisture by a tablet also decreased 
the generation of wetting heat (88). 


Matsumaru (89) stated that aspirin tablets and tablets 
containing talc do not disintegrate well because aspirin 
and talc have contact angles greater than 90°, prevent- 
ing penetration of water into the tablet. Starch has a 
contact angle of 80-85", so water penetrates through 
canals made of starch grains and causes the tablets to  
disintegrate. Kolarski and Krowczynski (47), using 
potato starch and various celluloses, claimed that the 
wetting time for disintegrant varied with the method of 
addition to  the other ingredients. For aluminum hy- 
droxide tablets, the wetting time decreased with an in- 
crease in concentration of the disintegrant. They re- 
ported that the wetting of the capillary system alone 
does not seem to  be the only mechanism of tablet dis- 
integration. Surfactants may increase wettability and 


Vol. 61, No. 11, November 1972 0 1695 







Table I-Disintegrants 


Disintegrants References 


Starches: 3-25 
Corn, wheat, rice, potato, arrowroot sago, 
tapioca, sweet potato, sorghum, cassava, yam, 
banana, moriyo, barley, waxy maise 


Dextrinized and swollen starches 26 
Starch ester containing hydrophobic groups 27 
Starch-agar ( I  : 1) 28 
Cold water-soluble ungelatinized starch 17, 29 
Compressible starch 30 
Amylose 30, 31 


Amyloform (“condensation of starch”) 35 
Cellulose and its derivatives: 


Ultraamylopectin 17, 21, 32-34 


3, 4, 6, 11, 16- 
Methylcellulose, ethylcellulose, sodium car- 19,21,22,24,26, 
boxymethylcellulose (various viscosity grades), 28, 30, 32, 33, 
calcium carboxymethylcellulose, hydroxypropyl 36-53 
cellulose, carboxymethylcellulose acid, holo- 
cellulose, cellulose, microcrystalline cellulose, 
beech flour, sycamore wood flour, spruce wood 
flour, powdered redwood bark, Douglas fir 
wood flour, (powdered) Douglas fir bark, 
powdered corn cob, corn cob pith, corn cob 
wood substance, corn cob chaff, pine flour, 
birch flour, oak flour 


Citrus pulp 43 
Beet pomace 54 
Orange peel albedo 17 
Sponge, natural and synthetic 17, 43, 55, 56 
Alginic acid-salts and derivatives (including 2, 6, 9, 10, 20- 


various viscosity grades: 22, 28, 30, 40, 
Alginic acid, sodium alginate, calcium alginate, 41, 43, 51, 57 
calcium ammonium alginate, ammonium 
alginate, propylene glycol derivative of alginic 
acid 


Crosslinked gum arabic, arabic acid, elm acid, 
quince acid, plantago acid, linseed acid 


Carrageen moss 


sterculia gum 


Gelatin 57 


Gums and derivatives: 38, 40 


Agar, laminaria, fucus, Iceland moss, 16, 58 


Guar gum 15,22, 51,59 
Pectin, tragacanth, locust bean gum, karaya gum, 11,41,43, 


Proteins : 


Formaldehyde-gelatin 17-20, 32, 58, 


Formaldehyde-casein 17,32,60,63,64 
Gelloid 50 43 


Enzymes (added to starch, celluloses, or proteins): 
Amylase, cellulase, hemicellulase, protease 65 


Carboxymethyldextran-acid and sodium salt 66,67 
Polyacrylic acid and derivatives 
Polyvinyl alcohol 69 


6&62 


2, 4, 6, 38, 68 


Ion-exchange resins: 18, 70-74 
Acid, sodium, and magnesium salt forms of 
carboxylic acid resins, cationic resins, poly- 
amine resins, sulfonated phenolic resins, and 
combinations of cation- and anion-exchange 
resins 


Colloidal magnesium aluminum silicates 


Kaolin 51,78 
Bentonite 9, 17, 41,43, 70, 


79, 80 
Fuller’s earth 70 


Per oxides 43 
Foam-building material which incorporates air 81, 82 


or inert gas under pressure in tablet 
Dried porous mass, i.e., gelatin foam 83 
Organic gas generators 84 


Silicon compounds: 
Colloidal silicon dioxide 18-20, 62 


4,22,28, 43, 75, 
76 


Aluminum silicate 15-17,51,59, 77 


hydrophilicity of tablets and decrease disintegration 
times (84, 90). Immersional wetting might be a con- 
trolling factor in the disintegration of tablets, depending 
on the materials and force (91). 


It is questionable if the amount of heat produced can 
cause a sufficient increase in the volume of air to  cause 
pressures to be built up that break the tablet apart. 
If this is an important mechanism of action of dis- 
integrants, the heat produced during compression and 
ejection of the tablet from the press should cause tablets 
to fall apart. This appears at  best to be only a partial 
explanation. In addition, for this mechanism to operate, 
moisture appears to be necessary. There was no effect of 
wetting heat on the disintegration of tablets with cross- 
linked gum arabic, a cation-exchange resin, or calcium 
carboxymethylcellulose (18). 


Effect of Water Absorption-Billups and Cooper (41) 
found that the rank order of water absorption of various 
disintegrants after 4 hr. differed from that after 75 days. 
No correlation with disintegration time and moisture 
absorption at  4 hr. was obtained, but high moisture ab- 
sorption after 75 days produced a longer disintegration 
time. In another study the order of the decreasing 
amount of water absorbed was: corn cob, starch, starch- 
cellulose, and lactose (53). Krowczynski et al. (92) 
found that colloidal silicon dioxide absorbed nine times 
as much water as the starches, but it took at  least six 
times as long. The authors theorized that an increase in 
the rate of disintegration time is due to the formation of 
a larger system of capillaries by starch with smaller 
grains. Colloidal silicon dioxide and rice starch were 
considered the best disintegrants because they absorbed 
the most water. The rate of water absorption was not 
considered significant. 


Disintegrants that absorb about 20% water and are 
insoluble in water are said to be good disintegrants, 
i.e., alginic acid, calcium alginate, methylcellulose, and 
corn, wheat, rice, and potato starches. Those that 
absorb about 40% water and are soluble in water in- 
crease disintegration time, i.e., polyvinyl polymer, 
sodium carboxymethylcellulose, and sodium alginate ; 
those that absorb water poorly are poor disintegrants, 
i.e., ethykellulose (24). Wakimoto et a]. (93), using 
microcrystalline cellulose tablets, declared that the 
amount of moisture absorbed and the volume expanded 
were rather small compared to those of starch tablets. 
With increasing pressure, the rates of moisture ab- 
sorption and of volume expansion decreased. 


Jaminet et al. (3) reported that the mechanism of 
disintegration depends on the solubility of the ingredi- 
ents. An insoluble drug plus soluble disintegrant retards 
diffusion of water into capillaries much more than 
viscosity. The rates of disintegration of soluble and 
insoluble disintegrants are tied to  the rate of liquid 
penetration into the tablet. Water absorption was men- 
tioned as directly proportional to  the sodium carboxy- 
methylcellulose viscosity grade but inversely propor- 
tional to  the sodium alginate viscosity grade. Dried 
disintegrants absorbed about twice as much as regular 
ones. Potato starch had a fast initial absorption rate and 
absorbed less than sodium carboxymethylcellulose and 
sodium alginate (high viscosity excepted). In various 
tablets, potato starch was the best disintegrant regard- 
less of the rate or amount of water absorbed. Later it 
was reported (36)  that disintegration times decreased 
with an increase in the sodium carboxymethylcellulose 
viscosity grade, and further study indicated that absorp- 
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tion of water did not explain variations in disintegra- 
tion times. For sodium benzoate and aluminum hydrox- 
ide tablets, no relationship was observed between ab- 
sorbability of water and tablet disintegration time, but 
a correlation was claimed for calcium lactate tablets 
(47). 


These studies indicate that the water absorbed by the 
tablet may be a factor in tablet disintegration, but this 
depends upon the solubility of the drug and other in- 
gredients. The rate and amount of moisture absorbed 
by a disintegrant are not directly related to  tablet dis- 
integration times. 


Swelling-Crosslinked polyacrylic and polymeth- 
acrylic acids (68), crosslinked gum arabic (18), carboxy- 
methyl dextran (66), various silicates (70, 92, 94), dif- 
ferent gums (1 1, 19, 67, 95-97), spruce wood flour (52), 
cation-exchange resin (73), polyvinyl alcohol (69), vege- 
table drugs (98), natural sponge (55, 67), and various 
starches (3. 12, 29, 36, 67, 92, 94,99-101) are among the 
substances that reportedly swell when moistened. Rank 
orders of decrease in swelling of various starches under 
different conditions were described as: wheat, corn, 
potato, arrowroot, and rice (12); potato, corn, and wheat 
(67); and potato, wheat, and rice (92). 


Tablets made with low pressure have high porosity 
and, hence, too much space. When starch swells, no 
pressure is exerted so disintegration is slow. Medium 
pressure allows just enough space so that when the 
starch swells, it exerts pressure on the granules to cause 
disintegration. High pressure, producing low porosity, 
decreases the ability of fluid to  enter, so disintegration 
is again slow (10,36). 


Starch swelling was claimed to  be dependent upon 
amylose and amylopectin content; the amylopectin 
expands and the amylose gives osmotic pressure (99). 
Hirata (68) reported that the swelling of cross- 
linked polyacrylic acid and polymethacrylic acid in- 
creased linearly with an increase in polymer concen- 
tration, but it was greater with polyacrylic acid. Swell- 
ing increased linearly with tablet immersion time, but 
disintegration times decreased with an increase in the 
concentration of polyacrylic acid. Swelling decreased 
with an increase in pressure. The swelling of cross- 
linked polyacrylic acid was suggested to  be due to  its 
interaction with water (102). Borzunov and Nesmiyan 
(19) reported that the degree of swelling of acid carboxy- 
methylcellulose was 220 % ; of sodium carboxymethyl- 
cellulose, 400%; of sodium alginate, 450%; and of 
ultraamylopectin, 1100%. A mixture of starch with 
0.1 % ultraamylopectin gave maximum swelling while 
acid carboxymethylcellulose-starch mixture (3 : 97) gave 
second greatest swelling. A mixture of ultraamylopec- 
tin-starch (2:97) as 10% of a formulation gave best 
disintegration times, while acid carboxymethylcellulose- 
starch (3 : 97) gave the second best disintegration times. 
It was suggested that starch forms the capillaries and 
the ultraamylopectin acts as a swelling agent (20). Sager 
(95) disclosed that corn starch absorbed water faster 
than rice starch. Agar and gelatin absorbed more water 
than the starches, so a mixture of corn starch with pectin 
or agar was recommended. Modrzejewski and Wochna 
(101) declared that a 0.4-2Z solution of sodium lauryl 
sulfate did not cause an increase in potato starch swell- 


ing at  room temperature but did cause a 33-44Z in- 
crease at 37”. Defatting starch caused it to  swell 4 4 z .  
Starch swelling increased with decreasing water content, 
with dried starch swelling 70% (see also Reference 92). 
Heating starch caused it to  swell 88 %. Krebs (7) found 
that the differing disintegration mechanism of rice, 
corn, potato, and wheat starches is not determined by 
granule size, water content, or swelling power but by 
the fat content. A decrease in disintegration was pro- 
portional to  the water content of the starch. Disintegra- 
tion times were reported directly proportional to  the 
grain size of the starch. 


Modrzejewski and Wochna (17) stated that the de- 
creasing order of swelling for disintegrants was: 
orange peel albedo (300 %), natural sponge (147 x), 
magnesium aluminum silicate, formaldehyde casein 
from milk, formaldehyde gelatin, bentonite (66 %), 
formaldehyde casein from cheese, cellulose, potato 
starch (29 %), corn starch (6 %), and wheat starch (5 %). 
Microscopically, starch swelling reached a maximum 
in 15-40 sec. (see also Reference 100). The grains swelled 
in all directions uniformly, and swelling was inversely 
proportional to  grain size. They declared that they were 
able to  measure the swelling of certain soluble materials 
by using Lugol’s solution to  outline the particles, i.e., 
ultraamylopectin (1 142 %), gelatin (400 z), and soluble 
starch (260 2). 


Chwialkowska and Krowczynski (97) detailed that 
as the starch content of tablets was replaced by acid 
carboxymethylcellulose or sodium carboxymethyl- 
cellulose swelling increased and the degree of swelling 
also appeared to  increase with an increase in pH (2-8). 
Starch swelling was only affected at a pH of 8. A similar 
pH effect was reported by Ingram and Lowenthal (25). 
Acid carboxymethylcellulose swelled considerably more 
than sodium carboxymethylcellulose. It was concluded 
that swelling alone is not an objective criterion for 
evaluation of a disintegrator and that pH must be 
considered. 


The above-mentioned figures on swelling of various 
substances do not indicate whether diameter increases 
or volume increases were meant. 


There undoubtedly is some small degree of swelling 
of starch grains (25, 100, 103, 104). A 10% increase in 
diameter can result in about a 7 0 z  increase in the 
volume of the grains. Whether this increase is sufficient 
t o  cause tablet disintegration is yet to  be discovered. 
An advantage of the starches over the gums is that the 
starches do not dissolve to  cause increased viscosity or 
form a mucilaginous layer over the tablets (43). 


Many substances swell to  a greater degree than the 
starches but are poorer disintegrants. Amylose does 
not swell but has been stated to  cause good disintegra- 
tion (30). 


Porosity-In 1908, it was reported that soluble par- 
ticles in tablets dissolved first, producing a “honey- 
combing” effect of the more insoluble materials, thereby 
causing rapid disintegration (105). 


Porosity of tablets has been studied with increasing 
frequency in recent years, using a variety of materials 
and numerous experimental methods. Porosity, void 
space, and pore size decrease as pressure increases (46, 
92, 103, 106-118). Potato and corn starches increase 
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mean pore diameters and porosity (53, 67, 72, 112-1 14, 
119, 120). Pore size and volume decrease as the moisture 
content of starch increases (1 10). 


The rate of penetration of fluids into a tablet is pro- 
portional to  mean pore diameter or porosity (107, 108, 
121, 122); corn and potato starches increase penetration 
of fluids into tablets (119, 122, 123). Permeability of 
tablets decreases as pressure increases (109, 114, 118, 
123). The effect of starch on porosity may be due to its 
poor ability to bond and compress (23, 119, 120, 123). 


As porosity or pore diameter increases, disintegration 
time decreases (9, 18, 46, 53, 116, 124). No correlation 
was found between disintegration and penetration 
times, but generally short disintegration times had rapid 
fluid penetration times (122, 125). 


Flow in pores is affected by interfacial tension, con- 
tact angle, and geometry of the solid surface. In addi- 
tion, viscosity and electrostatic charging may affect 
flow of liquids in capillaries. Surfactants have selectively 
increased water penetration into tablets. 


Surface area in sulfathiazole, sulfadiazine, and lac- 
tose-aspirin tablets increased with pressure up to  about 
1135 kg. (2500 lb.) and then decreased (106, 126, 127). 
Aspirin gave maximum surface area at 454 kg. (1000 
lb.) and lactose at  1816 kg. (4000 Ib.). Surface area in- 
creased with porosity up to  about 10% porosity and 
then decreased with increasing porosity. Surface area 
had a linear relationship with pressure, except at  higher 
pressures (1 26). In later work (128) using sulfathiazole 
plus 1 starch, it was found that true density decreased 
as pressure increased, possibly due to  pore blockage, and 
disintegration time increased exponentially with in- 
creased pressure. 


Wurster and Seitz (129) found that 0.01-cm. (0.04- 
in.) diameter pores in benzoic acid compacts were 
somewhat occluded by air and not entirely available 
to the fluid. A 0.2% sodium lauryl sulfate solution or 
air evacuation allowed penetration of pores by fluid. 
Huttenrauch and Schmeiss (130) reported that disin- 
tegration times decreased as pressure was reduced from 
1 to  0 atmosphere. It was claimed that air in  the capil- 
laries binders liquid absorption and that evacuation 
causes pores to behave like those in a surfactant solu- 
tion. Lipophilic pores absorb air more strongly. 


Matsumaru (1 3 1) disclosed that the disintegration 
time was lower and the amount of air that appeared to  
escape from aluminum silicate tablets in water was 
greater in  dried tablets than in undried tablets. The rea- 
son stated for these phenomena is that the fine structure 
of the bottle-neck type capillary (narrow neck and 
large internal volume) is blocked by condensed water 
(132). 


Ganderton and Selkirk (107) granulated sucrose and 
lactose with varying amounts of water. They found that 
with lactose, neither granule size nor amount of water 
used influenced the relationship between compression 
force and porosity; with sucrose, the porosity increased 
as the amount of water decreased. The permeability- 
porosity relationships were complex, depending on the 
filler, amount of water, granule size, and pressure. These 
same factors affected the mean hydraulic radius. A 
coarse pore structure permitted more rapid penetration 
than tablets with the same porosity but uniform pore 


structure. Rapid penetration can isolate pores due to 
entrapped air so that the percent water uptake de- 
creases with the size and strength of pores. 


In another study (108) it was reported that as the 
porosity of sucrose tablets decreased the pore size 
range got smaller. Granulation led to  an increased 
proportion of coarse pores and a larger size distribution. 
Similar results were disclosed for lactose (109). Granule 
size defined pore size, but as pressure increased and 
fragmentation became marked, these effects disappeared 
(108). Changes in permeability of lactose due to  granu- 
lation with water were smaller than those by slugging 
(109). Ganderton and Fraser (123) found large differ- 
ences in porosities and permeabilities between materials 
and relatively little differences between powders and 
granules of the same material. With the exception of 
aspirin, tablets made from coarse powder were less 
porous and had greater permeabilities t o  air. Only 
granulation of magnesium carbonate increased permea- 
bility. Aspirin and phenindione made relatively im- 
permeable tablets while lactose was permeable and had 
the highest penetration rate. It was concluded that 
factors that determined tablet structure did not entirely 
determine aqueous penetration of a porous system. 


Reich and Gstirner (110) found that pore size is 
characteristic of a given pressure. At 325 kp./cm. ?, 95 
of the radii were below 5 p ;  at 1265 kp./cm.' pressure, 
95 % of the radii were below 1.8 p .  Linear relationships 
between pore volume and the most common pore radius 
and tablet height were described. In magnesium oxide 
tablets, mean pore diameter decreased with increasing 
pressure; i.e., at 0.5 ton the mean pore diameter was 
0.197 p, and at  2.0 tons it was 0.069 p (1 12). 


Matsumaru (1 17) compared pore volume distribu- 
tions with their absorption isotherms. Tablets com- 
press5d at 0.76 ton/cm.2 had a mode pore radius of 
62.4 A and a pore volume of 148 X ml./g.; at 
2.9 tons/cm.2, the pore radius was reduced to  21 A and 
the pore volume to 60 X ml./g. As compressional 
force increased from 0 to  4.2 tons/cm. 2, specific surface 
area decreased from 400 to  352 m.'/g., heat of absorp- 
tion decreased from 3.52 X lo3  to  2.71 X lo3  cal./mole, 
and void space decreased from 0.353 to  0.075 ml./g. 


It was observed in tolbutamide, aspirin, salicylamide, 
and phenylbutazone tablets that the starch stained with 
iodine formed continuous chains along the channels 
between granules even at  concentrations below those 
required to cause tablets to  disintegrate. As percent of 
starch increased, thicker chains were formed, thus en- 
larging the pores (1 19). 


Pate1 and Hopponen (103), using transverse sections 
of tablets scraped smooth, claimed that as the particle 
size of aspirin decreased the amount of starch grains 
in the channels between the aspirin crystals decreased. 
With 60-100-mesh aspirin, the lines of starch around 
the crystals were discontinuous; and at  less than 100 
mesh, only scattered grains in small groups with a few 
channels were observed. Disintegration times increased 
with a decrease in aspirin particle size, and the degree 
of penetration of iodine in 50% alcohol was directly 
proportional to  the particle size of aspirin. 


The authors claimed that the average volume of 
starch in a tablet containing 0.3 g. aspirin and 5z 
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starch was 0.00984 ml. If, on wetting, starch increases 
78 z in volume (calculated from mean volume diameter 
and assuming spherical shape), a 0.00768-m1. increase 
occurs. This increase in volume is close to  the total 
void volume in the tablet (<4.7 % void space). Prop- 
erly located starch could exert force to  break the tablet 
apart. When using 40-60-mesh aspirin plus 5 or 10% 
starch, increasing compression pressure from 2000 to  
16,000 psig. decreased void space from about 7 to  about 
0.1 z with no apparent effect on disintegration times. 
Since alcohol and glycerin did not cause disintegration 
but did penetrate the tablets, the authors concluded 
that the effect of capillarity is minimal. 


In aspirin-starch tablets with mercury forced into 
the pores, disintegration and dissolution times were the 
same as for the original tablet (133). 


Pate1 and Hopponen (103) also stated that if starch 
grain contact is not continuous, disintegration time 
increases. They explained that capillarity per se does 
not appear to  have a disintegrating effect, although it 
may be a limiting factor in hindering water entry. It 
appeared that small pore diameters cause tablet erosion 
rather than whole tablet disintegration. 


Nogami et a/. (113), using aspirin tablets of three 
different particle-size ranges and containing corn starch, 
found that percent porosity was dependent on starch 
concentration and aspirin particle size. Potato starch 
gave similar results but had smaller porosities. 


" .  . . that there might be a 
critical amount of disintegrator which depends upon 
the particle size of aspirin and starch or the relative 
surface areas of the components which relate t o  the 
interfacial character of the capillary wall of tablets." 
It was suggested that effective pores for disintegration 
should have the inner wall composed of starch or of 
starch and aspirin. 


Large and medium size aspirin crystals with insuffi- 
cient starch or small size aspirin crystals with excess 
starch disintegrated only into large pieces and only 
slowly into initial particles so that dissolution (tl,  ?) 
was related to  pore diameter. Large or medium size 
aspirin crystals with 10 corn starch disintegrated 
rapidly into the original size particles and dissolution 
( t , , , )  was independent of pore diameter. 


The authors declared that a plot of disintegration 
time uersus the reciprocal of pore diameter gave a linear 
relationship with large size aspirin particles and corn 
or potato starches. By comparing disintegration times of 
tablets with the same size capillaries, a more intensive 
disintegrating effect was observed in potato starch than 
corn starch due to  the smaller contact angle (84.5 
versus 85"), allowing for more rapid penetration. At 
5-10% starch with medium or large size aspirin crystals, 
the starch was claimed to  form continuous pores. 


For rapidly disintegrating tablets, the process of 
water penetration into the tablets, rather than the 
process of separation of particles, determines the rate of 
disintegration. Starch affects the process of particle 
separation, but this occurs more rapidly than the pene- 
tration process. 


Nogami c't al. (91) reported that the penetration of 
tapped powders by water showed that potato starch 
penetration was greater than magnesium oxide and 


The authors stated: 


aluminum silicate and was dependent on liquid tem- 
perature. Later it was reported (120) that water pene- 
trated more rapidly and to  a greater extent into micro- 
crystalline cellulose than potato starch bed, but the 
latter had greater water intake/void space. The volume 
change of a bed of powder after water uptake was 
larger for starch than for microcrystalline cellulose. 
Water may just penetrate into the microcrystalline 
cellulose bed by capillarity, while starch will also absorb 
water during penetration, resulting in a smaller pene- 
tration rate. 


Tablets of large aspirin crystals (840/297 p )  disinte- 
grated more rapidly with potato starch than with micro- 
crystalline cellulose. When mean pore diameters were 
essentially constant, penetration was not always rate 
determining. A mixture of microcrystalline cellulose 
and starch may be best because the former enhances 
penetration; it has a contact angle of 68.5", so more 
rapid swelling of starch can occur. 


Fuchs (1 11) used a scanning electron microscope and 
showed how crystals of lactose and a steroid appeared 
to  melt and fuse together at high pressures, giving 
smooth surfaces and closing pores and cracks. When a 
lactose-corn starch mixture (1 : 1) was used, the lactose 
sintered between the starch grains; at higher pressures 
the starch became covered by a thin film. It was sug- 
gested that starch grains lie between the granules and 
that pores exist in interstices between individual starch 
grains because starch does not fuse. It was hypothesized 
that elastic deformation of starch caused the film cover- 
ing to  be torn and pores with large pore volume to  occur. 
This may be partially substantiated by the elastic re- 
covery of starch-lactose tablets after pressure is re- 
moved, the recovery being proportional t o  the starch 
concentration (1 34). 


Starch appears to  allow a hydrophobic substance to  
absorb moisture (114), or it helps to  form capillaries 
which draw water into the tablet (1 14, 135). It has been 
often stated that the formation of capillaries and the 
subsequent absorption of moisture by the tablet, but 
not swelling, are the mechanisms of action of starch. 
Porosity is also affected by the drug, binder, and dis- 
integrant (67). 


Wicking is due to  capillarity of fibers. Stiff fibers of 
uniform structure and resistance to  collapse are re- 
quired for good wicking. The fibers should have zero 
contact angle and should not swell (136). This would 
appear to  rule out any wicking effect due to  starch or 
cellulose fibers. 


It is easy to  hypothesize how chains of starch grains 
could be formed in tablets, since the starch and lubri- 
cant are often added to  the dried granules. As the granu- 
lation is compressed, the starch remains around the 
granules, resulting in chains. The more starch used, the 
bigger are the chains. The chains of starch grains that 
have been reported have only been observed indirectly 
and remain to  be confirmed microscopically. 


The existence of pores or capillaries is not the com- 
plete answer to  the mechanism of action of disintegrants, 
because semipolar and nonpolar fluids penetrate into 
tablets ( i .e . ,  91, 103) yet do not cause the tablets to  
break. Also, tablets do disintegrate with minimum 
porosity (103, 114, 133). 
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In addition to  the effects of pressure, starch, etc . ,  
on porosity, pore diameters, and penetration (cited in 
the second and third paragraphs in this section), another 
fact appears to emerge: the relationship between the 
particle size of the drug or granules and the particle 
size of starch and quantity of starch. It seems that there 
may be a minimum amount of starch necessary for the 
most rapid disintegration. Commercial tablets are 
complex mixtures whose particle sizes are affected by 
all of the variables of the manufacturing process. 


Deformation-Fuhrer (137) found that potato starch 
plastically deforms under pressure, but that the in- 
dividual grains can still be identified and appear as lay- 
ers or streaks. It was postulated that compression de- 
creases grain stability, resulting in an energy-rich ma- 
terial being formed so that no more energy is necessary 
for swelling. Supposedly ordinary starch requires heat to 
swell whereas deformed starch does not. Starch in starch 
tablets is held together by cohesion, although 5-10% 
melting at contact points was suggested. The greater 
the pressure, the greater is the plastic deformation and 
the greater is the adhesion. The adhesion is lost spon- 
taneously and contact points are dissolved when water 
is added. Deformation of corn and waxy make starches 
were also observed by others ( I  11, 138), but when water 
was added the grains did not regain their shapes (138). 
In some of the scanning electron microscope micro- 
photographs of  tablet surfaces, the starch grains ap- 
peared to be in contact with each other (1 1 I). 


Physicochemical Bonding-Fox et al. (46) claimed 
that disintegration is due to entrance of water into the 
tablet by means of capillaries and the subsequent break- 
ing of hydrogen bonds between adjacent bundles of 
microcrystalline cellulose. Pressure reportedly caused 


Table 11-Effect of Surfactants on Disintegration 


Refer- 
Surfactant Remarks ences 


Polyoxyethylene tridecyl ether- 0.5-5 mg./tablet- 147 


Sodium lauryl sulfate 


Sodium lauryl sulfate Various drugs-good 51,139, 


urea complex goo& 
Various drugs-poorb 106, 122, 


144, 145, 
147 


I48 
Dioctyl sodium sulfosuccinate 
Dioctyl sodium sulfosuccinate 
Dihexyl sodium sulfosuccinate 
2-Ethylhexyl sodium 


Polysorbate 20 
Polysorbate 20 
Polysorbates 40 and 60 
Polysorbate 60 
Polysorbate 80 
Polysorbate 80 
Sorbitan fatty acid esters 


Polyoxyethylene stearates 
Polyoxyethylene fatty acid ester 
Polyoxyethylene fatty alcohol 


Nonionic surfactants 
Sucrose stearates 
Polyethylene glycol 
Polyethylene glycol monostearate 
Triester of phosphoric acid 


sulfosuccinate 


ether 


Various drugs-poor 144,146 
Various drugs-good 140 
Various drugs-good 140 
Variable effectC 141 


Poor 139, 149 
Good 122, 150 
Poor 149 
Good 1 50 
Poor 90, 139 
Good 122, 150 
Poor 20, 90, 


125 
Good 142 
Poor 90 
Good 142 


Poor 97, 145 
Good 143, 151 
Poor 151 
Variable effect 141, 151 
Poor 145 


11 Good = decreased disintegration time. b Poor = increased disiiite- 
&?ition time. C Variable effect = decreased or  increased disintegration 
time depending on drug. 


the matchsticklike bundles of microcrystalline cellulose 
to line themselves up to decrease bond distances and in- 
crease interparticle forces. It was postulated (45) that 
microcrystalline cellulose in tablets is a special form of 
cellulose fibril in which the individual crystallites are 
held together largely by hydrogen bonding. Tablet dis- 
integration occurs when these bonds are broken by 
water. I t  was disclosed that as the polarity of disintegrat- 
ing fluids decreased, disintegration times increased. 


Safiulin et al. (78) claimed that particles of kaolin 
acquire a negative charge in the presence of moisture, 
repelling each other, which causes decomposition of the 
tablet. 


EFFECT OF SURFACTANTS 


The effect of surfactants on tablet disintegration has 
been variously reported to  decrease disintegration time 
(20, 34, 51, 74, 125, 139-143) or to increase disintegra- 
tion time (74, 90, 106, 139, 140, 144-146). The effects 
of various surfactants are summarized in Table 11. 
Sodium lauryl sulfate increased absorption of water 
by starch or had a variable effect on water penetra- 
tion into tablets (74, 139). Surfactants were only effec- 
tive within certain concentration ranges (1 50, 152). 
They melted due to their waxy nature, hindering capil- 
lary formation (145), or initially made the tablet hy- 
drophobic (e.g., 149, 153). Disintegration time could not 
be related to surface tension (140). Surfactants were 
recommended to decrease the hydrophobicity of the 
drugs (e.g., 34, 147) because the more hydrophobic the 
tablet the greater the disintegration time (90). 


Aoki and Fukuda (141) claimed that disintegration 
time of granules of water-soluble drugs did not seem 
to be generally improved by the addition of nonionic 
surfactants during granulation, but the desired effect 
of a surfactant appeared when granules were made of 
slightly soluble drugs. The speed of water penetration 
was incieased by the addition of a surfactant. 


EFFECT OF MANUFACTURING 
PROCEDURE AND EQUIPMENT 


The effect of compression force and tablet hardness 
on tablet disintegration time has been investigated 
many times under various conditions. The following is 
a summary of the reported results. 


1. Disintegration time increased with an increase in 
pressure: phenindione-lactose (1  54), phenacetin (10, 
155), aspirin (156), aspirin-phenacetin-caffeine (l57), 
amobarbital (I%), nitroguanil (159), sodium chloride 
(1 16), sodium bromide (1 l), sulfathiazole (40, 42), 
aluminum hydroxide gel (160), lactose-starch (50, 118, 
145), lactose (152), miscellaneous drugs (21, 47, 161, 
162), starches (26, 30), and microcrystalline cellulose 
(163). 


2. Logarithm of disintegration time increased with 
an increase in pressure: sulfathiazole (106, 128), 
sulfadiazine (1 29), aspirin, lactose, lactose-starch (164, 
165), and various other tablets (21, 166). 


3. Disintegration time increased with an increase in 
logarithm of pressure (167). 


4. Disintegration time increased with an increase 
in tablet hardness: sulfa drugs (168) and lactose (169). 
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5. Disintegration time was not affected by pressure: 
magnesium oxide (166), calcium carbonate (170), and 
starch (26); disintegration time was not affected by 
hardness (171, 172). 


Hance (173) in 1902 claimed that the manufacturing 
process affects disintegration and that no one method is 
good for all tablets. Kavarana and Burlage (174) listed 
the factors that influence disintegration as: (a)  tablet 
hardness, (b)  speed of compression, (c )  nature of lubri- 
cant and binder, (d) granulation process, and (e) percent 
moisture and dryness of disintegrating agents. 


Granule size was variously described as having little 
or no influence on disintegration time (106, 128, 175), 
as affecting disintegration time (176), or as giving maxi- 
mum and minimum disintegration times as granule size 
changed (155, 177). Higuchi et al. (128) noted, with 
granulated sulfathiazole and 1 starch, that disintegra- 
tion characteristics are reproducible for a given 
granulation and that granulations made at different 
times gave different disintegration characteristics. 


Miinzel and Kagi (178) studied a lactose-starch mix- 
ture and discovered that disintegration times of wet 
granulation methods in general were shorter than those 
of the dry granulation methods. They claimed that this 
is due to  the different surface structures of the two 
granulations. On the other hand, sodium salicylate plus 
spray-dried lactose gave shorter disintegration times 
than similar tablets made by the wet granulation 
method (179). 


Addition of the disintegrant to  the powders before 
granulation, addition to  the dried granules, and addi- 
tion to  both powders and granules have been subjects 
of several investigations to  determine which procedure 
would be better. The results have varied. The addition 
of starches or colloidal silicon dioxide to  granules was 
reported as more effective (13, 47, 92). The addition 
of starch before and after granulation was described 
as most effective (7); the addition of disintegrants before 
and after wet or dry granulation was stated to  have 
no effect (25, 47, 75). No difference between the 
method of disintegrant addition or slugging also was 
mentioned (23, 43). With alginic acid as part of the 
granules, disintegration into fragments smaller than the 
original granules was described (23). Multiple slugging 
was reported to  have increased disintegration times 
(133). Tablets made with various algin derivatives added 
dry, with the subsequent addition of water, generally 
resulted in low disintegration times (57). Similar results 
were obtained with other binders (180). 


Munzel and Seth (181) found that, with a sulfisoxa- 
zole granulation, the eccentric tablet press made tablets 
that had greater disintegration times than when a 
rotary press was used. Surface penetration of tablets 
made with an eccentric press varied, but was the 
same when tablets were made with a rotary press. 
The auihors also reported (182) that with a starch- 
lactose granulation, flat-face tablets had slightly longer 
break-up times than biconvex tablets. 


Kolarski and Krowczynski (47) found that the 
method of addition of disintegrant, the disintegrant 
concentration, the material, and the particular disin- 
tegrant appear to  affect disintegration time. Ma19 et al. 
(21) found that pressure had to  be varied, usually de- 


creased as disintegrant concentration increased, to  
attempt to  keep a constant radial hardness. Potato 
starch and alginic acid with inorganic or organic water- 
soluble drugs needed slightly increased pressure. Tablet 
hardness was suggested as a predictor of disintegration 
times (168). It has been verified that disintegration 
times also have changed throughout at a compression 
run, i.e., aminosalicylic acid-sodium aminosalicylate 
(183). 


EFFECT OF FILLERS AND ACTIVE INGREDIENTS 


The filler will affect tablet disintegration times (30, 
178, 184-186), sometimes depending on its solubility 
(22, 160). The drug will affect tablet disintegration time 
if present in a high enough concentration (9, 22, 51, 
155, 172, 187, 188). The solubility of the drug may also 
have an effect (51, 189). The formation of hydrates 
after compression, i.e., calcium aminosalicylate, will 
increase disintegration times (190). It has been stated 
that the nature of the formula or drug affects disintegra- 
tion more than the pressure used (157). 


Colloidal silicon dioxide has been suggested to  aid 
rapid disintegration of tablets containing water-soluble 
drugs and starch (191). Tablets containing lactose plus 
various disintegrants disintegrated faster than those 
containing aspirin (24). Yet another study declared that 
in tablets containing lactose and starch, the lactose 
interfered with disintegration. It was disclosed that 
45 % microcrystalline cellulose reduced the disintegration 
time of aluminum hydroxide gel, and spray-dried lactose 
or microcrystalline cellulose were good fillers for am- 
phetamine sulfate (46). 


Proshunina (192) found that dried extracts mixed with 
powders having high compressibility (sodium benzoate 
and caffeine-sodium benzoate) decreased disintegration 
time. When extracts were mixed with powders of low 
compressibility (sodium bicarbonate), disintegration 
time increased. 


Shteingart et al. (189) reported that tablets with water- 
insoluble drugs disintegrated quickly with starch, while 
those with water-soluble drugs did not disintegrate as 
well due to  the diminished absorption capacity of 
starch. Halides and benzoates reportedly caused gluing 
of starch and hindered disintegration. Sodium amino- 
salicylate also hindered disintegration by forming a 
gelatinous layer with starch (193). 


In a statistical study, Holstius and DeKay (9) used 
sulfathiazole, sodium bicarbonate, and an aspirin mix- 
ture; gelatin-acacia solution, sucrose solution, and 
starch paste as binders; and arrowroot, corn, potato, 
sweet potato, rice, sorghum, tapioca, and wheat 
starches, bentonite, and sodium alginate as disintegrants. 
They found that sulfathiazole had higher disintegration 
times than sodium bicarbonate, and the aspirin mixture 
had the lowest times. Gelatin-acacia had the largest 
times, followed by sucrose solution, and starch paste 
gave the lowest break-up times. Bentonite produced 
much larger disintegration times than the starches. 
Analysis of variance showed that the main effects were 
not significant, but the three-factor interaction was. 
It was concluded that the rate of disintegration was not 
due to  any influence of the three variables singularly 
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but that certain combinations of these variables had 
significant effects. 


Chalabala and Ma19 (1 55) determined that disintegra- 
tion was affected by the physical properties of the drugs 
and excipients and by the process. They studied various 
drugs, fillers, binders, disintegrants, and lubricants in 
different concentrations. Potato, corn, rice, and wheat 
starches had less effect on water-soluble tablets than on 
tablets of lyophobic drugs. Generally, wood cellulose 
was reported best, except for phenoxymethyl penicillin 
when potato starch and amylopectin also were effective. 
They claimed that a significant drug-disintegrant inter- 
action showed that there is no universal disintegrant 
and that each drug must be tested for an optimum dis- 
integrant. 


EFFECT OF BINDER 


As early as 1915, it was revealed that binders such as 
gelatin or glue may result in a 2-3-hr. disintegration 
(194). Among the many binder comparisons described 
were: aqueous binder was better than ethylcellulose 
(102); ethylcellulose was better than gelatin (158); gela- 
tin solution was better than soluble starch (195); starch 
paste was better than gums (196, 197); increase in 
molecular weight of polyvinylpyrrolidone or polyvinyl 
alcohol above 50,000 increased binding capacity but 
decreased disintegration rate (198); a vinyl polymer 
caused disintegration times to  increase more rapidly 
with an increase in pressure than did starch paste (158); 
starch paste was better than polyvinylpyrrolidone or 
acacia (185); aqueous acacia and methylcellulose in- 
creased disintegration times, but an alcohol-chloroform 
solution of methylcellulose gave rapid disintegration 
(199); starch paste gave lower disintegration times than 
syrup, gelatin-acacia, and ammonium calcium alginate 
(200); bentonite, gelatin, and alcoholic solutions of 
polyvinylpyrrolidone were better than starch paste, 
while aqueous polyvinylpyrrolidone and sodium bento- 
nite gave longer disintegration times (201); and use of 
larch arabogalactan gave similar break-up times to 
acacia (202). 


Among the detailed studies with different drugs made 
to determine the effect of various binders on disintegra- 
tion were: triamterene-lactose-starch (203); sodium 
bicarbonate, ascorbic acid, aspirin, sodium salicylate, 
and magnesium carbonate (204); sodium chloride, 
sulfathiazole, aluminum hydroxide, phenacetin, and 
magnesium trisilicate (57); aminophylline, sulfathia- 
zole, calcium carbonate, lactose, and lactose-alcium 
phosphate (162); calcium sulfate and lactose (76); 
sodium bicarbonate, sulfanilamide, sodium pheno- 
barbital, and aspirin-phenacetin-caffeine (205); starch- 
lactose (180); benzoic acid derivatives plus 250 mg. ex- 
cipient (161); lactose (206); and aspirin (199,207). 


Disintegration times increased with increased gelatin 
and soluble starch concentrations (1 1, 178) and hydroxy- 
propyl methylcellulose and sodium carboxymethyl- 
cellulose concentrations (37). Aminophylline tablet 
disintegration times increased with binder concentra- 
tion while with sulfathiazole certain binders prevented 
disintegration (162). In starch-lactose tablets, disinte- 
gration times increased with increasing polyethylene 
glycol concentration (180). 


Alcohol seemed to increase the disintegration of 
sulfamethazine (sulfadimidine) tablets (208); with 
multivitamin tablets containing malt and 4.6 starch, 
the disintegration time increased as the percent isopro- 
panol increased (209). Additional binder effects that 
were recorded were: viscosity due to sodium carboxy- 
methylcellulose did not inhibit rapidity of disintegra- 
tion (36); magnesium aluminum silicates may be coated 
by or coat other binders, thereby delaying disintegra- 
tion (76); polyethylene glycol may cause tablets to  dis- 
solve rather than disintegrate (180); and gelatin and 
methylcellulose may show a plateau or minimum dis- 
integration time as the binder amount is increased 
(155). 


Kwan et al. (50) found that binders had a significant 
effect on disintegration. Starch paste gave the lowest 
disintegration time compared to gums. Binder effect 
may be due to rate of dissolution or dispersion of the 
binder. The effect of binders was dependent upon the 
nature of the basic materials, binder concentration, and 
pressure (169). 


Chwialkowska and Krowczynski (67) determined the 
effect of the stepwise replacement of 15% starch by 
sodium carboxymethyldextran and acid carboxymethyl- 
dextran or by a sodium carboxymethylcellulose and 
acid carboxymethylcellulose combination. When re- 
placing starch in novalgin tablets or sodium benzoate 
tablets with a sodium carboxymethyldextran-acid 
carboxymethyldextran combination, disintegration 
time increased as percent starch decreased or binder 
concentration increased. In aspirin tablets and sulfa- 
thiazole tablets, the starch and binder effects were less 
marked. Starch replacement by a sodium carboxy- 
methylcellulose-acid carboxymethylcellulose combina- 
tion resulted in increased disintegration time as starch 
decreased in the four different tablets, but there was no 
apparent effect due to  an increase in binder concentra- 
tion. 


Gum-type binders may form a gel barrier around the 
tablet to  inhibit disintegration. If the binder concen- 
tration is sufficiently large, delayed drug release is 
obtained (210). 


EFFECT OF LUBRICANTS 


The following lubricants were reported as causing an 
increase in disintegration times: magnesium stearate 
(55, 73, 193, 211, 212), magnesium stearate plus sodium 
lauryl sulfate (208), calcium stearate (21 3), stearic acid 
(178), talc-stearate (21 l), talc (55 ) ,  silicone oil (21 l), 
and polyethylene glycol 6000 (178, 214). Calcium 
stearate (15 l), talc (178), sucrose monostearate (1 5 l), 
silicone emulsion and talc-silicone emulsion (196, 21 l), 
and polytetrafluoroethylene (2 12) were mentioned as 
not affecting disintegration times. The increases in 
disintegration times for three lubricants were rated as : 
magnesium stearate > stearic acid > stearyl alcohol 
(1 95). 


Disintegration time increases with increased lubricant 
concentration (155, 213), e.g., polyethylene glycol 1500 
and 4000, polyethylene glycol stearates, polyethylene 
glycol monostearate, saccharose monopalmitate, sac- 
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charose monostearate, and calcium stearate. Talc con- 
centration was reported (215) as having had little effect. 
Other lubricant effects described were: stearin hin- 
dered disintegration when compared to  talc in bismuth 
subnitrate tablets (73); magnesium stearate (0.5 %) 
increased break-up times compared to  8x talc in lac- 
tose-starch tablets (164); and polyethylene glycol 
stearate, polyethylene glycol 4000, and polyethylene 
glycol 6000 caused decreases in disintegration time in 
lactose-potato starch granulations (201). 


Selmeczi and Kedvessy (62) found hydrophilic 
colloidal silicon dioxide decreased disintegration time 
while hydrophobic colloidal silicon dioxide increased 
disintegration time. Talc and magnesium stearate were 
described as increasing the time it took water t o  pene- 
trate tablets (74, 114). 


Jaminet and HazCe (216) studied placebo, antipyrine, 
and phenobarbital tablets, with glyceryl esters of palmi- 
tic and stearic acids as lubricants. When the lubricants 
were used without potato starch, disintegration time 
markedly increased. Potato starch reduced disintegra- 
tion time to a value lower than when an equivalent 
amount of magnesium stearate was used in place of the 
esters. 


Kwan et 01. (50) found that lubricants affected dis- 
integration times of starch-lactose tablets. It was sug- 
gested that the lubricant effect may have been due to in- 
creasing the hydrophobicity of the materials. Talc 
affected disintegration time less than mineral oil, 
stearic acid, and calcium stearate. 


It becomes apparent from the previous five sections 
that the process of compression and the materials in- 
cluded in a tablet formula have profound effects on 
tablet d i si n t egra t i on. 


The effect of surfactants varies widely, depending on 
the ingredients, the surfactant and its concentration, and 
pressure. Some surfactants have a waxy consistency 
and dissolve slowly, so a lag time may occur before an 
effect due to the lowering of the surface tension is seen. 


There is no definitive evidence that the time and 
method of addition of the disintegrant have any notable 
consistent effect. 


A tablet made from a filler that is rapidly soluble in 
aqueous liquids, with small quantity of drug, should 
break up readily and a disintegrant may not be needed. 
There is some evidence that disintegrants are more 
effective with water-insoluble materials. The compressi- 
bility characteristics of the active ingredients and fillers 
will affect disintegration times; i.e., tablets made from 
poorly compressible substances will break up more 
readily. Starch is poorly compressible and weakens 
the tablet structure. Substances that soften or melt 
under pressure may present disintegration problems. 


The tablet binder may be too efficient, delaying dis- 
integration. I t  may produce a gel-like barrier around the 
tablet. Sticking of tablets to parts of the disintegration 
apparatus is one indication of this phenomenon. 


The lubricant may cause the tablets to become hydro- 
phobic, causing them initially to repel the disintegrating 
liquids. Even some of the water-soluble lubricants 
are waxy and dissolve slowly. 


Tablet disintegration, except for the simplest formu- 
las, is a complcx phenomenon depending on the inter- 


actions between all of the variables of formulation and 
processing, so generalizations are difficult to make. 


APPARATUS 


Between 1902 and 1928, tablet disintegration was 
determined by dropping tablets in water (173, 2 17). 
When 20 samples from 13 manufacturers were tested 
by this method, disintegration was found to vary from 
a few seconds to  more than 2 days with tablets of the 
same drug but produced by different manufacturers 
(98). 


Wensley et al. (218, 219) described in detail the early 
equipment. Other equipment, often modifications of the 
apparatus mentioned by Wensley et a/., are described 
in the literature (79, 118, 220--232). Hand equipment is 
still being recommended (233-235). Several surveys of 
methods used for the determination of disintegration 
of pills and tablets were made (218. 236 -238). Equip- 
ment that automatically recorded the time of tablet 
break-up was described (1 15, 239, 240). Critical com- 
parisons of proposed methods were discussed (67, 115, 


Most equipment has some type of screen to quantitate 
the degree of tablet break-up. Disintegration time in-  
creased as the screen size opening decreased (75, 115, 
233). 


Bandelin (230). in 1945, said that disintegration could 
be mechanical resistance or tablet break-up in a fluid 
and that tablet hardness is not the sole index of their 
ability to  disintegrate. 


"If each drug in -  
corporated into a given series of compressed tablets 
is an individual problem then the attempt to  establish 
uniform standards for large number of drugs i n  many 
types of compressed tablets is spurious . . . ." 


Sandell (251), in  1970, explained that a disintegration 
test should be: " .  . .developed and improved so that it 
will express the ability of tablets and capsules to dis- 
integrate and deaggregate in such a way that the original 
drug particles are formed. . . ." He used a 3-cm. diameter 
Plexiglas cylinder containing three sieves. The top one 
had a 2-mm. opening, the middle one a 0.5-mm. open- 
ing, and the bottom one a 0.1-mm. opening. The tube 
was raised and lowered 1 cm. every 10 sec. in  water at 
37". Tablets weighing 0.4-0.5 g. were necessary, and 
after 10 min. the granules on the sieves were dried and 
the amount on each sieve was determined. 


In 1955, O'Brien et a/. (252) suggested plastic disks to 
give clear end-points by pushing soft residues through 
the screen. These disks were later adapted by the com- 
pendia. It was claimed that the disks are gentle and will 
not force unacceptable tablets through the screen, nor 
reduce disintegration times for plain tablets. 


Kaplan and Kish (253) recommended a rubber gasket 
between the tablet and screen to minimize sticking of 
the tablets to  the screen or disk and to increase tur- 
bulence and flow around the tablet. Later (254), com- 
parisons using the USP method with and without disks 
or gaskets on 25 different commercial tablets were 
made. The USP apparatus with gaskets gave the lowest 
times and generally the lowest standard deviations and 
coefficients of variation of products, with disintegration 


224,225,241-249). 


Schroeter et al. (250) declared: 


Vol. 61, No. 11, November 1972 0 1703 







times between 5 and 70 min. Five products that did not 
disintegrate in 70 min. in the USP apparatus had times 
that were less than 70 min. with disks or gaskets. 


Chapman et al. (255) modified the USP apparatus by 
using a 3-1. beaker, rubber disks for light rubbing action, 
and perforated plastic disks inserted into the tubes to 
standardize the distance traveled by the tablets. The 
tablets were placed for 30 min. in a simulated gastric 
juice and then in a simulated intestinal juice. Disks 
gave smaller error variances, smaller percent coef- 
ficients of variation, and sharper end-points. There was 
no statistical difference in the position in the basket or 
in days. Differences in times with and without disks 
varied with the type of tablet, and occasionally tablets 
stuck to the disks. Cook et al. (256) determined that a 
plot of disintegration times without disks uersus times 
with disks gave a slope of 0.65. Disks gave shorter times 
which could mask differences, so they suggested that the 
apparatus be run slower. Dissolution times were found 
roughly inversely proportional to starch content. When 
using water-soluble fillers, disks caused decreased dis- 
integration times compared to tests without disks (186). 


Widmann (257) investigated the use of a polyethylene 
bag containing 12 ml. liquid. The bag was moved up and 
down in a water bath at 37", and disintegration was 
observed by a mirror placed in the bath. Advantages of 
the bags were removal for observation, minimal tablet 
sticking, and disposability. 


Richter and Steiger-Trippi (242), in 1962, compared 
the USP apparatus, a modified USP apparatus, and a 
modified Kantoapotheke (K-A) apparatus. The K-A 
apparatus consisted of a glass cylinder with 50 ml. 
water at 37", the cylinder being turned 180" every 5 sec. 
so that the tablet falls and hits the stopper. The tablets 
used were made of potato starch. The modified USP 
apparatus had a smaller stroke and cylinder height and 
a smaller screen opening. The USP method had the 
smallest and K-A modified apparatus had the largest 
experimental error. With the USP apparatus and the 
modified USP apparatus, test times, replicates and dis- 
integrants, and test times times replicate interaction 
were statistically significant. 


Kiihni et al. (247) compared the Swiss Pharmacopoeia 
V method and a method similar to that of the BP 1948 
by using 15 kinds of tablets and five investigators. The 
error of the Swiss compendium method can be large 
because only one tablet is used. At least five tablets and 
a fixed time limit, based on an average with a standard 
deviation not to be surpassed by any single tablet, were 
recommended. The coefficients of variation of the two 
methods did not produce significant differences, but 
there were large variations due to investigators. 


Kockel (225) studied a tumbling device for determin- 
ing disintegration and the USP, the Swiss Pharma- 
copoeia, and the French Codex (Medicamentarius Gal- 
licus) equipment. It was disclosed that disintegration 
times decreased as screen size increased from 2 to  2.5 
mm., but times did not significantly decrease when the 
openings were increased from 2.5 to 3 mm. Disintegra- 
tion times decreased as temperature increased, so that 
the 4" temperature range in the USP test may have had 
an effect in some instances. The author recommended 
that the effect of temperature be determined for each 


tablet to find the temperature ,variation permissible 
during the test. The Swiss and French methods gave 
the longest times, and the USP method had slightly 
longer times than the tumbling method but it had a 
smaller coefficient of variation. The USP method had no 
error due to personnel factors, and the author claimed 
that manual tumbling is without a human error factor. 
It was reported that disintegration times increased 
directly with tablet weight. Variability for tablets that 
disintegrate in less than 1 min. should be up to 30% 
and only up to 15 % for those disintegrating in 3-5 min. 


Nogami et al. (258) determined tablet disintegration 
by thermal analysis, claiming that it was possible to 
determine the exact disintegration time due to a tem- 
perature rise from a reaction of tablet ingredients with 
the fluid. This is actually due to dissolution of the in- 
gredients. The determination of particle-size distribution 
was also claimed. For calcium carbonate tablets, a pH 
4.2 acetate buffer was used. The addition of potato 
starch as the disintegrant gave a rapid increase in 
temperature to the maximum in about 2 min., compared 
to dried paste which had a maximum in 8 min. Another 
study reported that starch caused a negligible tem- 
perature rise while magnesium carbonate gave a 1.85" 
rise. With acetate buffer, it was stated that granules with 
potato starch dissolved or disintegrated faster than those 
without starch. No effect due to pressure was noted by 
this method, yet with the USP method a linear relation- 
ship of log disintegration time versus pressure was noted 
and the Japanese Pharmacopeia method showed an 
arithmetic relationship. Aspirin tablet disintegration in a 
sodium citrate solution was also determined by this 
method (259). 


It was disclosed that the USP apparatus gave more 
uniform values than the Erweka apparatus (100). When 
the BP method and the Erweka apparatus were com- 
pared, the latter gave slightly lower average values. 
standard deviations, and coefficients of variation (260). 


Effect of Fluids, Temperature, and Agitation-In per- 
forming disintegration tests under various conditions 
with different formulas, little or no difference between 
water, diluted hydrochloric acid solutions, simulated 
gastric or intestinal juices, or sodium bicarbonate solu- 
tion was seen (4, 67, 11 5, 226, 244, 245, 261-263). That 
acidic solution and simulated gastric juice resulted in 
faster disintegration time than water also was reported 
(27, 48, 49, 67, 94). An increase in agitation (tumbling, 
basket movement, etc.) caused faster tablet disintegra- 
tion (225, 226, 244, 261, 264). Disintegration times 
decreased with an increase in temperature in the 20-40" 
range (115, 225, 226, 261, 264) or it was described as 
having had no effect (262). Polysorbate 80 in  the 
disintegrating fluid had no effect (265). 


Effect of Mucoid Substances and Viscosity-Viscosity 
of the test solution affected disintegration in certain in- 
stances (240). Addition of gastric mucin to the disin- 
tegrating fluid caused disintegration times to  increase 
(221, 266), and this increase was proportional to the vis- 
cosity of the mucin or methylcellulose (266-268). It was 
recommended that a mucoid substance or methylcellu- 
lose be added to  the test fluids(266,267). Pretreatment of 
tablets by an artificial saliva also increased disintegra- 
tion times (266,267). 
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Miinzel and Kuhn (268) showed that an increase in 
viscosity retarded fluid entrance into pores and that 
methylcellulose in tablets affected their porosity. 
Methylcellulose also could cause the screen in the test 
equipment to become coated and thus retard tablet 
disintegration time. I t  was reported that the number of 
molecules, and not molecular weight, of methylcellulose 
or polyvinylpyrrolidone affected disintegration. They 
suggested that only natural gastric mucin was capable 
of reflecting the true influence of the mucoid substance 
on the in uitro disintegration. 


STANDARDS 


Sperandio et al. (249) defined disintegration as the 
time required for a tablet to break up into granules of 
the size from which it was compressed. An 8-mesh 
screen was recommended since the majority of tablet 
granulations do not exceed that size. 


The term disintegration has been confused with dis- 
solution (173, 194, 249, 269). In addition, the time it 
takes tablets to fall into granules or into powder may 
differ ( 1  15). The reviews of Smith (270, 27 1) should be 
read for some past standards for tablet disintegration. 


In 1919, it was emphasized that tablets should dis- 
integrate readily in warm water (272); N F  V declared 
that tablets should disintegrate in a few minutes when 
dropped into water (273). Since then, various time limits 
have been suggested, e.g., 1 (32, 60, 227), 3 (234), 5 
(225), 10 (262), 15 (274), 30 (230, 275), and 60 (276, 
277) min. 


An average of the disintegration time of six tablets 
rather than the upper time limit stated in compendia 
monographs was recommended (265). The average was 
explained to be better because one tablet that takes a 
long time to break up is not indicative of the other five 
tablets. In another study (278), it was pointed out that 
if the mean is about 30 min., a 30-min. range of time for 
disintegration may be acceptable. But if the mean is 
about 60 min., a range may allow tablets having too 
long a break-up time to pass the disintegration require- 
ment. This was demonstrated with phenylbutazone 
when only one product failed the test if a 60-min. mean 
and range were used and three failed if a 30-min. mean 
and range were used. The three products also had poor 
in uiuo availability and the longest dissolution time 


The number of tablets to be used to represent a 
production batch varied from 2 to 20, at one time or 
sequentially (e.g. ,  279). 


Several investigators classified tablets according to the 
time required for disintegration or their intended use. 
Standards were set up for hypodermic, sublingual, 
buccal, and vaginal tablets and for tablets meant to dis- 
solve before taking (280). Tablets have been classified 
as: lozenges, sublingual, those that dissolve in 3 min. 
before use, and those swallowed whole (188). Ewe 
(28 1) indexed products as: (a) uncoated tablets intended 
to disintegrate or dissolve in the stomach, 10-min. 
maximum; (b)  same as (a) except a 120-min. maximum; 
(c) hypodermic tablets, 1-min. limit; ( d )  uncoated tablets 
intended to dissolve or disintegrate in water at  room 
temperature within 5 min. ; and (e) uncoated tablets 


(250%). 


intended to pass into the intestines and be disintegrated 
there, with no time limit set. 


Over the years, various equipment and disintegration 
test liquids have been recommended and various time 
limits have been set. These are all arbitrary. In spite of 
all the rationalizations, the in uitro tests do not resemble 
in viuo conditions. Yet the disintegration tests, official 
and otherwise, are useful as quality control procedures 
once the results can be correlated to in uiuo data. 


COMPARISON OF DISINTEGRANTS 


Generally, disintegration time will decrease as the 
disintegrant concentration increases (e.g. ,  11, 13, 22, 
47,74, 193,282). Occasionally, there may be no concen- 
tration effect noted (144), or even an increase in dis- 
integration times with increased disintegrant concentra- 
tion may occur (37, 53, 155, 282). 


The following is a summary of the reported effective- 
ness of various disintegrants and comparisons between 
disintegrants: Polish bentonites were poor disintegrants 
(94); American bentonites were recommended (79); 
purified cellulose was better than starch (48); powdered 
natural sponge was better than starch, but powdered 
synthetic sponge increased the disintegration time 
( 5 5 ) ;  5 % powdered natural sponge added during granu- 
lation and 2 % starch added to  dry granules were a good 
disintegrant combination (56); cation-exchange resin 
was better than starch (73); formaldehyde-casein was 
better than sodium carboxymethylcellulose, ultra- 
amylopectin, or starch (32, 63): starch was better than 
purified cellulose (49) ; holocelluloses were better than 
potato starch in aminosalicylic acid, sodium salicylate, 
and analgesic tablets, but the starch was better with 
aspirin (44); purified cellulose, magnesium aluminum 
silicate, and alginic acid showed minimum disintegration 
times at the 5z level in calcium sulfate and starch- 
lactose tablets (22); sodium chloride tablets disin- 
tegrated more rapidly with 10% starch than without it 
(118); in soluble tablets, starch and alginic acid ac- 
celerated disintegration while sodium carboxymethyl- 
cellulose slowed it down (6); kaolin was better than 
starch (78); starch was better than desiccated starch 
paste (7); alginic acid and acid carboxymethylcellulose 
were better than starch, while other gum acids were less 
effective than starch (40); in sodium bicarbonate and 
aspirin tablets, a starch ester containing hydrophilic 
groups was better than starch, which was much better 
than purified cellulose (27); and when various celluloses, 
potato starch, alginic acid, amylopectin, and sodium 
lauryl sulfate were compared in tablets of different com- 
pounds, the celluloses generally decreased disintegration 
times but potato starch was best for aspirin (33). 


Generally, various celluloses, especially microcrystal- 
line cellulose, have been reported to increase tablet 
strength without adversely affecting disintegration time 
(e.g. ,  21, 33, 283). Heating microcrystalline cellulose or 
moisture had no effect on disintegration (31, 284). 
Humidity may soften microcrystalline cellulose tablets, 
but the effect is reversible (45). 


Fakouki et al. (53) compared microcrystalline 
cellulose, starch, various wood flours, and the three 
sections of corn cob. Powdered corn cob was claimed 
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superior to starch in certain tablets. Another compari- 
son of disintegrants showed a 1 : 1 mixture of starch and 
microcrystalline cellulose to be better than micro- 
crystalline cellulose alone, which was better than starch. 
Ten percent corn cob and 15 % starch were considered 
optimum concentrations. 


Various gums, polymers, algin derivatives, starches, 
and magnesium aluminum silicate, when compared in 
aspirin tablets, gave similar break-up times, with the 
exception that the addition of a carboxyvinyl polymer 
and sodium alginate gave long disintegration times (4). 
When comparing alginic acid, magnesium aluminum 
silicate, starch-agar, starch, and methylcellulose, a dif- 
ferent order of effectiveness was obtained for sodium bi- 
carbonate and aluminum hydroxide tablets (28). 
Starch was generally better than microcrystalline 
cellulose in sodium bicarbonate and aspirin tablets 
(46). When starches, effervescent combinations, gums, 
and cellulose derivatives were compared in tablets of 
various drugs, the starches were generally better (1 1). 
Corn, potato, and wheat starches had the maximum ef- 
fect at 10% concentration, and rice starch had the 
maximum effect at 20% concentration (155). Guar gum 
with calcium lactate and Sago starch with other drugs 
were reported better than magnesium aluminum silicate 
and banana or corn starches (59). Moriyo starch was 
shown to  be slightly better than other disintegrants 
(15); and the addition of barley starch, in several 
formulas, resulted in lower break-up times than when 
other common disintegrants were used (16). In lactose, 
sodium bicarbonate, and calcium carbonate tabIets, 
cassava and yam starch were about equal but better 
than potato starch (14). Tablets containing dextrinized 
and swollen starch disintegrated more rapidly than those 
containing untreated starches. With digitalis, lactose, 
thyroid, and sulfathiazole tablets, guar gum was a 
better disintegrant than starch at a 1.5 % concentration 
(282). Sodium alginate and sodium carboxymethyl- 
cellulose were less effective as disintegrants than ultra- 
amylopectin-starch (2 : 98) or acid carboxymethylcel- 
lulose-starch (3 : 97) combinations (19). 


For sodium carbonate granulated with polyethylene 
glycol 4000, it was revealed that a high viscosity grade 
of sodium carboxymethylcellulose was a better dis- 
integrant than lower viscosity grades, and disintegration 
was improved when smaller size sodium carboxymethyl- 
cellulose particles were used (37). Barbital, digitalis, 
phenobarbital. and thyroid tablets disintegrated more 
rapidly with alginic acid than potato starch (10). 


Manudhane et al. (30) disclosed that with calcium 
phosphate, 4 or 8 %  alginic acid was a better disin- 
tegrant than compressed starch, amylose, or starch. 
With aspirin, starch, compressed starch, or amylose 
was better at 4 and 8% concentrations. Starch, com- 
pressed starch, amylose, and alginic acid are more ef- 
fective with insoluble drugs such as aspirin and calcium 
phosphate than with a soluble substance like spray- 
dried lactose. Amylopectin was shown to be a poor 
disintegrant in all instances. 


Gross and Becker (43) used lactose andzein as binders 
to compare many different disintegrants. The dis- 
integrants were added to the filler before granulation, 
or 5 %  was added with the lubricant ( 2 z  leucine). A 


total of about 17 % disintegrant concentration was used. 
Powdered natural sponge was discovered to be the best, 
followed (in order) by citrus pulp, locust bean gum, 
calcium carbonate with pectin or citric acid, colloidal 
oakmeal, methylcellulose 4000 cps., magnesium per- 
oxide, and then starch. Over a dozen other substances 
were poorer disintegrants than starch. 


EFFECT OF AGING 


Tablets of varying compositions have been stored 
under different conditions of temperature and relative 
humidities to determine the effect of aging. Increases in 
disintegration times have been reported (15, 59, 188, 
285) but, in some instances, no apparent effect was 
cited (20, 286). Others reported a variable effect due to 
the storage conditions (16, 39, 282, 287-290). 


Ward and Trachtenberg (51) studied the effect of 
5 % disintegrants and aging tablets 1 year. In ampheni- 
done and sulfadiazine, magnesium aluminum silicate 
and starch-20 % sodium lauryl sulfate showed the least 
effect. They recommended starch plus 20% sodium 
lauryl sulfate, kaolin, purified cellulose, and starch in 
that order because of their low average disintegration 
times and the short range. The more soluble drugs dis- 
integrate more rapidly. 


Alam and Parrott (185) checked 50-mg. hydro- 
chlorothiazide tablets made with lactose filler. At 80" 
there was no  change in disintegration times for poly- 
vinylpyrrolidone or starch binders. Acacia caused in- 
creases in disintegration and dissolution times at  
elevated and room temperatures. Starch caused no 
changes at elevated or room temperatures, and poly- 
vinylpyrrolidone had only a slight increase in dissolution 
time after 1 year at  room temperature. 


CORRELATION OF DISINTEGRATION AND 
DISSOLUTION TIMES AND BIOAVAILABILITY 


Miller and Heller (29 1) stated the USP and NF added 
a disintegration test to ensure that tablets will break up, 
but the test " . . . was never meant to serve as an indica- 
tor of the degree that the drug content might be ab- 
sorbed by the body or even as an index to  the extent it 
was presented to the body in a form 'available' for 
absorption . . . ." The lack of correlations between dis- 
integration times and dissolution rates or times has been 
disclosed (208, 265, 278, 292-297), as has the lack of 
correlations between disintegration time and drug blood 
levels or in v i m  activity (235, 295, 297-301). Dis- 
integration times of water-soluble drugs were found to 
be independent of the dissolution rate (240). Other re- 
ports showed disintegration times correlated with dis- 
solution rates (157, 208, 250, 256, 302-306), or they 
showed rank correlations with dissolution times (179, 
296, 307). Disintegration time was correlated to penicil- 
lin blood levels (308, 309). Long disintegration times 
were blamed for ineffective products (276, 277, 302, 


Some other correlations of disintegration times and 
dissolution times are described below. Dissolution times 
increased, dissolution rates decreased, and disintegra- 
tion times increased with increases in binder concentra- 
tion (30, 127, 208, 305, 314). Dissolution rates were re- 


303, 307, 310-313). 
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ported to increase as starch concentration increased 
(30, 127, 179). It was disclosed that the botanical origin 
of starch affected the dissolution rate of salicylic acid 
tablets (3 15). Reformulation of spironolactone tablets 
with a water-soluble base helped to reduce the effective 
dose of the drug (316). Knoechel et a / .  (157) reported, 
for aspirin-phenacetin-caffeine tablets, that disintegra- 
tion times and dissolution rates increased as pressure 
increased, but the nature of the formula or the drug 
affected these times more than the pressure. In starch- 
lactose tablets containing Na1311, it was found that a 
maximum of 1311 was released when the tablet disinte- 
grated (314). Krowczynski and Stozek (208) found that 
when magnesium stearate or sodium lauryl sulfate was 
used, increasing the lubricant content slightly increased 
disintegration and the t 5 0 %  times. Increasing the sur- 
factant content increased disintegration time but de- 
creased the t 5 0 %  times of sulfamethazine (sulfadimidine) 
tablets. When using calcium carbaspirin, buffered 
aspirin, and plain aspirin tablets, it was revealed that 
the amount dissolved in 10 min. and the amount of 
drug absorbed were inversely proportianal to the dis- 
integration times (299). Manudhane et al. (30), using 
calcium phosphate tablets containing 0.1 % amaranth, 
showed that compressed starch at  high and low pressures 
released dye better than plain starch. 


The time for 80 % dissolution was reported to be much 
longer than the disintegration time (179). Disintegration 
could not distinguish between rapid and slow dissolving 
granules (299, 3 17). Tablets that disintegrated into fine 
particles had faster dissolution rates than those that 
disintegrated into large clumps (306). The formation 
of fine particles was not dependent on disintegration 
time, so it was suggested that particle size should be 
determined after disintegration to ensure product 
effectiveness (318). Sandell et a/. (319), using the ap- 
paratus consisting of three screens (previously de- 
scribed), found that for isoniazid and sulfamethizole 
the granules that remained on the coarsest sieve cor- 
related with dissolution rate. With meprobamate and 
diazepam tablets, some correlation with the amount 
left on the three sieves and dissolution times occurred. 


Hersey and Barzilay (127), using sulfathiazole tablets, 
stated that “disintegration time” is the difference in 
lag times to reach dissolution equilibrium between the 
powder and tablets. The lag times were: powder, 1.75 
hr.; 10% starch, 2.5 hr.; and 5 %  starch, 3.5 hr. There- 
fore, disintegration times became 0.75 and 1.75 hr. 
for 10 and 5 % starch, respectively. It was claimed that 
pharmacopeia tests could not distinguish between 
tablets and that a change in particle-size distribution 
due to compression and formation of a mucilage by 
starch around some of the particles might be factors 
affecting dissolution rates. 


A small amount of aminobenzoic acid in the tablets 
was recommended to indicate how rapidly tablets dis- 
integrate after ingestion, because the aminobenzoic 
acid is rapidly absorbed and detected in the urine (320). 


Chapman et al. (276), in 1957, said that a 60-min. 
time limit on disintegration for tablets is necessary 
based on riboflavin excretion. In another study (235), 
three out of 25 tablets had disintegration times greater 
than 60 min. but were considered bioavailable because 


the riboflavin was leached out of the tablets without 
their complete disintegration. The authors explained 
that all in uitro tests are an empirical approach which 
must be correlated to bioavailability at  some stage. The 
use of simulated gut juices and disks helped establish 
these correlations. Middleton et al. (300) reported that 
disintegration tests do not reveal clear evidence of a 
separation into acceptable and unacceptable amino- 
salicylic acid products, although a previous study did 
show this separation. I t  is possible to have tablets dis- 
integrate rapidly but the drug dissolves slowly. 


In 1958 it was claimed that two patients exhibited 
Cushing’s syndrome when given cortisone tablets that 
had disintegration times longer than the BP require- 
ment (3 12, 321). Yet it was argued that a disintegration 
time of 22.5 or 30 min. for cortisone did not matter 
(322, 323), and poor therapeutic results could also have 
been due to a nonspecific assay and the wrong drug 
being used (323). Prednisone tablets, found therapeuti- 
cally inactive in one patient, disintegrated in less than 6 
min. with disks but in greater than 1 hr. without the 
the use of disks. Therapeutically effective tablets disinte- 
grated in less than 6 min. with or without disks. The 
inactive tablet had a t 5 0 %  of 100 f 53 min., while the 
active tablet had a t50% of 4.3 f 1.3 min. (302,303). 


Jacob and Plein (304) reported the pounding action 
of disks gave fast and fairly uniform disintegration 
times of commercial phenobarbital tablets; only 1 out 
of 13 failed the disintegration test, while disintegration 
times without disks indicated that only 1 in 13 passed 
the test. The tests without disks appeared to correlate 
qualitatively better with dissolution rate. 


Schroeter et al. (250) determined, for 12 lots of tablets 
of an anti-inflammatory steroid, that the regression of 
tso% versus disintegration time gave highly significant 
linear correlation with a slope of 1.02. Seven lots of a 
sulfonamide showed that a formulation with sodium 
chloride had a slope of 1.82, while a formulation with- 
out sodium chloride gave a slope of 1.10. Seven lots of 
tablets of an antidiabetic drug showed no correlation 
between t 5 0 %  and disintegration times determined 
either with or without disks. A plot of t 5 0 %  calculated 
versus disintegration time gave a slope of 0.56 for 16 
lots of aspirin-phenacetin-caffeine tablets made from 
a single granulation. Average disintegration times with 
disks uersus times without disks gave a slope of 0.67, 
with the line going through the origin. The authors 
explained that disks may mask differences between 
lots because they cause more rapid disintegration. That 
there may be in uiuo and in uitro correlations specific for 
a drug and formulation was revealed by this study. 


X-rays have been used to determine in uivo tablet 
disintegration (233, 324). Levy (325) reported that 
aspirin tablets disintegrated in vitro in 3.5 rnin., but 
X-ray seemed to indicate that disintegration in uiuo just 
began in about 13 min. Steinberg et al. (326) used tablets 
containing barium sulfate pellets that disintegrated in 
10.25 min. in uitro. Roentgenograms taken after 89 
nonfasting and 19 semifasting subjects swallowed two 
tablets with water showed that about 52 tablets dis- 
integrated in 15 min., about 90 in 25 rnin., 55 in 45 min., 
and the remainder in over 45 min. There appeared to be 
a low degree of agitation in the stomach. Tablets that 
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disintegrated in 30-40 min. in uitro reportedly dis- 
integrated in more than 2 hr. in uiuo; those that dis- 
integrated in 18 min. in uitro lasted 66 min. in uiuo, while 
those that had a 15-min. in uitro break-up time had 50- 
min. disintegration in uiuo. 


It was claimed that the amount of drug needed to  
achieve clinical results must be considered, so it may be 
necessary to  sacrifice availability to protect drugs from 
decomposition by stomach contents, cover bitter taste, 
achieve prolonged effect, or reduce G I  irritation (327). 
Kingsford (328), in 1966, claimed that in many cases 
in uitro disintegration time cannot be used as a direct 
indication of in uiuo dissolution time and in uitro and 
in uiuo correlations need to be determined for every 
preparation. Disintegration tests are useful but lack 
the discrimination required for critical assessment. 


“Specifying simple set of 
conditions, it (disintegration test) represents a physical 
method of pharmaceutical quality control which allows 
a drug manufacturer or distributor to check his prod- 
ucts for uniformity of performance from batch to  
batch without recourse to complex and expensive ap- 
paratus or personnel requiring advanced academic 
training. . . .” The break-up times must be correlated 
to  in uiuo data because in uitro results alone cannot be 
relied upon as indexes of availability. Physiological 
conditions cannot be duplicated, and fast disintegration 
does not guarantee availability, nor does slow dis- 
integration indicate nonavailability. The formula is of 
sufficient importance that the manufacturers must give 
this information to the proper government agency. 
Dissolution tests were considered more important be- 
cause disintegration tests only measure the time needed 
to form granules, yet even dissolution tests require in 
uiuo correlation. 


French et al. (238) said: 
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fl-(2-Methoxyphenoxy) lactic Acid, the Major Urinary 
Metabolite of Glyceryl Guaiacolate in Man 


W. J. A. VANDENHEUVEL', J. L. SMITH, and R. H. SILBER 


Abstract 0 An acidic metabolite of glyceryl guaiacolate was iso- 
lated from human urine by solvent extraction and column chro- 
matography. Combined GLC-mass spectrometry of the trimethyl- 
silyl and trimethylsilyl-ds derivatives of the metabolite and mass 
spectrometry of the underivatized metabolite have demonstrated 
its structure to be ~-(2-methoxyphenoxy)lactic acid. 


Key phrases 0 Glyceryl guaiacolate-identification of &(2methoxy- 
phenoxy)lactic acid as major metabolite. human urine, GLC--mass 
spectroscopy 0 P-(2-Methoxyphenoxy)lactic acid -identification 
as major metabolite of glyceryl guaiacolate in human urine, GLC- 
mass spectroscopy 0 GLC-mass spectroscopy-identification of 
~-(2-methoxyphenoxy)lactic acid as major metabolite of glyceryl 
guaiacolate 0 Mass spectroscopy -identification of p(2-methoxy- 
phenoxy)lactic acid as major metabolite of glyceryl guaiacolate 


Glyceryl guaiacolatel (I) has been used as an expecto- 
rant and for other purposes ( I ) .  Blood concentrations of 
the drug have been determined by GC (1) and chemical 
( 2 )  procedures, but urinary data are lacking and little 
is known about its metabolism. In this communication, 
the identification of the major urinary metabolite of I 
in man by means of mass spectrometric techniques is 
reported. 


EX PER1 MENTAL 


Urine from a normal male volunteer who ingested 1 g. of the drug 
was collected for 3 hr. after the dose. The 0 3-hr. urine contained 
about 440 mg. of metabolite when assayed by an analytical (colori- 
metric) procedure2 employing I as the standard. Extraction into 
methylenc chloride over a pH range of 1- 8, followed by an alkaline 
wash, showed that no unchanged drug was present. but there was an 
acidic metabolite which could be readily extracted at pH 1-3. No 
metabolite was extracted at  pH 6 or above. The metabolite fraction 
was obtained by extraction (five times) at  pH I with an equal volume 
of solvent; the combined extract contained 420 mg. on the basis of 
the colorimetric procedure. After the solution was taken to dryness, 
the residue was subjected to  column chromatography3 with a 
solvent system of benzene -methanol-glacial acetic acid (80: 15 : 5) 
to yield a fraction (400 mg.) of about 95% purity, as shown by 
chemical analysis and determination of dry weight. 


In a second experiment. 0-4-hr. urine from the volunteer was 
extracted 13 times (the final extract contained only 0.2% of the 
metabolite in the total extract) with an equal volume of methylene 
chloride at pH 1 .  The 0-4-hr. urine contained 94% (515 mg.) of the 
total metabolite excreted in 24 hr. Aliquots of the chromato- 
graphically purified metabolite and the 0-4-hr. total metabolite 
fraction (60% purity) were subjected to mass spectrometry and 


I 


OH 


OTMS OTMS 
1- -2 


Scheme I-  -(TMS = trirnethylsilyl) 


combined GLC-mass spectrometry (as trimethylsilyl derivatives). 
Both isolates were shown to contain ~-(2-methoxyphenoxy)lactic 
acid; there was no evidence for the presence of detectable amounts 
of other metabolites. 


Mass spectra were obtained by normal procedures'. The instru- 
ment settings were: ionizing potential, 70 ev.; source temperature, 
270"; accelerating potential, 3.5 kv.; and trap current, 60 pa. Chro- 
matographic conditions were: 1.2-m. ( 4 4 . )  X 2-rnm. i.d. spiral 
glass column; 3 SE-30 on 100-1 2O.mesh acid-washed and silanized 
Gas Chrom P; temperature programmed from 110 to  200" at 5'/ 
min.; and helium flow rate, 30 ml./min. 


Trimethylsilylation was carried out by dissolving 25 mcg. of the 
metabolite in 50 pl.  of bis(triniethylsilyl)acetamides or bis(trimethy1- 
sily1)acetamide-dd and allowing the solution to stand at room tem- 
perature for 30 min. 


RESULTS AND DISCUSSION 


The metabolite (the 0-3- and 0-4-hr. isolates gave the Same 
results) was subjected to direct probe mass spectrometry and found 
to exhibit a molecular ion of m/r  212, 14 mass units greater than the 
molecular weight of the parent drug. No peak was observed when 
the sample was exposed to a variety of G C  conditions, but tempera- 
ture-programmed analysis of a portion of the sample treated with 
bis(trimethylsilyl)acetamide did give one peak (Fig. I) .  Combined 
GLC- mass spectrometry of the trimethylsilyl derivative indicated a 
molecular weight of 356 (Fig. 2); the metabolite possesses two 
functional groups [212 + (2 X 72) = 3561. Asexpected, the molec- 
ular weight of the trimethylsilyl-d8 derivative prepared by reaction 
with bis(trimethylsilyl)acetamide-~,~ (3-5) was 374. 


The fragmentation patterns of' the trimethylsilyl and trimethyl- 
silyl-d5 derivatives conclusively demonstrated the structure of the 
metabolite to be ~-(2-methoxyphenoxy)lactic acid. Fragment ion 
1, m/e 233 (d, 251)7, must arise by scission of the methylene 
carbon-oxygen bond as shown in Scheme I. 


6 
I 


1 This compound is also known as guaiacol glyceryl ether. 
R. H. Silber. to be published. 


3 Analtech GF silica gel, 250 p.  


~~ ~~ 


4 With an LKB model 9000 instrument. 


6 Merck Sharp & Dohme of Canada 
Supclco. 


The m/e value of the trimethylsilyl-dp derivative. 
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Figure 1-Gas chromatogram resulting from analysis o f  the tri- 
methylsilylated, 0 -3-hr. clrromatograplrically pirrified metabolite of' I .  


The corresponding fragment ion 2, mle 123 (d, 123), is also ob- 
served. Both derivatives yield ion 3, m/e 149, arising by loss of 
carbotrimethylsilyloxy and trimethylsilanol. Another key fragment 
ion is 4, m/e 196 (d, 205), the formation of which must involve 
C-0 bond scission and rearrangement of a trimethylsilyl group 
(6-8) onto the ether oxygen atom. The fragment ion of m/e 181, 
5 ,  is 4 minus a trimethylsilyl methyl group, rather than the methoxyl 
methyl, as required by the m/e of the analogous trimethylsilyl-ds 
fragment, 187. The cyclic siloxonium ion, 6, is proposed to account 
for the fragment of m/e 166. The trimethylsilyl-d, analog of 6 must 
be found and is at mle 172. Cyclic ions of similar nature have been 
reported for the trimethylsilyl derivatives of orrlio-disubstituted 
aromatics (9-1 I ) .  


Reasonable structures for the four most intense fragment ions 
(m/e 124, 100%; mle 109, 82%; m/e 137, 5 5 % ;  and mle 122,4573 
in the mass spectrum of the metabolite are shown in Structures 7 10. 
Structure 9 results from the loss of the entire side chain with the 
transfer of a proton back into the ether oxygen atom. 


The proposed metabolite structure is required by the mass shifts 
resulting from the trimethylsilyl deuterium-labeling experiment, and 
fragment ions satisfying this structure are found in the mass spec- 
trum of the metabolite. The IR and UV spectra of the metabolite 
are also consistent with this proposal. Naito et a/. (12) employed 
TLC techniques to identify fi-(2-methoxyphenoxy)lactic acid, fl-  
(4-hydroxy-2-methoxyphenoxy)lactic acid, and (2methoxyphenoxy)- 
acetic acid as urinary metabolites (possibly glucuronides) of 1 in 


m l e  


Figure 2---Mass spectrum of rlie trinieihylsilylated, 0-3-lir. cliro- 
matogruplrically purified metabolite of I .  


H,C=O% 
7: m/e 137 L 


8:mn/e 122 


L 


10: m/e 109 
9:mle 124 


the rabbit. The metabolism of meprophendiol [3-(2-methoxy-4- 
propionylphenoxy)-l,2-propanediol] has been reported to involve 
oxidation of the glyceryl chain to form the corresponding lactic 
acid and a smaller amount of the acetic acid (1 3). 


Riley (14) identified fl-(2-methylphenoxy)lactic acid as a major 
(15% of the dose) human urinary metabolite of myanesin [3-(0- 
toloxy)-l,2-propanediol]; only 3% of the dose was excreted as 
fl-(2-methyl-4-hydroxyphenoxy)lactic acid, and no significant con- 
version to (2-methy1phenoxy)acetic acid was observed. 


The experimental procedure employed i n  the present study would 
be expected to result in the isolation of acidic substances such as 
fl-(2-methoxyphenoxy)acetic and ~-(4-hydIoxg-2-methoxyphenoxy)- 
lactic acids, as well as p-(2-methoxyphenoxy)lactic acid, but no 
evidence of their presence was observed in human urine. The 
unequivocal identification of fl-(2-methoxyphenoxy)lactic acid as 
the major urinary metabolite of glyceryl guaiacolate in the human 
thus parallels the results of Riley (14) with inyanesin. 
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Renal Contribution to Overall Metabolism of Drugs I: 
Conversion of Benzoic Acid to Hippuric Acid 


SUK HAN WAN* and SIDNEY RIEGELMAN' 


Abstract The kinetics of biotransformation of benzoic acid to  
hippuric acid during infusion in animals were studied a t  steady 
state. The contributions to the glycine conjugation of benzoic acid 
made by the kidney in contrast to the body as a wh.ole were quanti- 
fied by the utilization of apparent clearances, ( Vr~)app. ,  and true 
renal clearances, ( V&..  Michaelis-Menten kinetics appear to 
describe the rate of biotransformation of both metabolic processes. 
The data result in estimation of the in oico K, and V,,,. values. 


Keyphrases a Benzoic acid biotransformation to hippuric acid- 
kidney metabolism contribution contrasted to whole body, renal 
and apparent clearances 0 Hippuric acid from benzoic acid bio- 
transformation- kidney metabolism contrasted to whole body, 
renal and apparent clearances 0 Kidney metabolism-contribu- 
tion to biotransformation of benzoic acid to hippuric acid, con- 
trasted with whole body, renal and apparent clearances 0 Bio- 
transformation kinetics--benzoic acid to hippuric acid, kidney 
metabolism contribution 


In  pharmacokinetics, one attempts to define the rates 
of absorption, distribution, metabolism, and excretion 
of drugs on which the rationale for drug dosage and 
maintenance therapy is based. Metabolism and excre- 
tion are usually considered to  take place primarily from 
the central pool or compartment, since the major 
metabolic organs have high blood perfusion rates and 
are assumed to equilibrate almost instantaneously with 
the vascular pool. Biochemical studies have shown that 
the liver is a particularly rich site of metabolizing en- 
zymes, and this finding has led to  the general belief that 
drug nictabolism is primarily a liver function. However, 
GI tissues, blood cells, kidneys, lungs, and brain tissue, 
among others, also have been shown to contain ap- 
preciable amounts of such enzymes (1, 2). The contri- 
bution to  total drug metabolism of these extrahepatic 
systems is usually considered to be minor. Noted 
authorities in the field of drug metabolism have re- 
peatedly stated that the liver is clearly the major me- 
tabolizing organ in the body (3). In fact, it is sometimes 
considered to be the only organ involved in drug metab- 
olism (4). 


THEORETICAL CONSIDERATIONS 


During the absorption phase, all of the drug molecules are trans- 
ported to the liver cia the hepatic portal system at a relatively high 
concentration. A larger percentage of the drug molecules traverse 
the liver and are metabolized during this first pass than after the 
drug has distributed throughout the body when only a small 
fraction of the molecules traverse the liver during each pass. In some 
instances, a drug may be so rapidly metabolized during the first 
pass that the contribution of other metabolic sites in the body may 
become insignificant. When liver metabolism is not rapid, the con- 
tribution of extrahepatic sites can become significant. Of the extra- 
hepatic tissues examined for enzymic activity, those of the kidney 
and GI tract appeared most promising. Studies such as those by 
Barr and Kiegelman ( 5 ,  6) on salicylamide and by Hiilsmann and 
Statitis van Eps (7) on p-aminohippuric acid have contributed to 


d inldt  d o u t / d l  - - urine 
Scheme I 


the realization that the GI tract can contribute appreciably to 
metabolism of drugs, especially when they are orally administered. 
Studies such as those by Quick (8) on benzoic acid and by Knoefel 
e /  al. (9) on the amino and acetamidobenzoic acids have indicated 
the importance of the kidney as another source of metabolizing 
enzymes. 


The conversion of benzoic acid to hippuric acid has been found to 
occur in the kidney in most animals and exclusively in this organ in 
the dog (8). The classic experiments of B u n g  and Schmiedeberg 
(10) showed that hippuric acid is formed when blood containing 
benzoic acid and glycine is perfused through the dog kidney. Their 
work was corroborated by the perfusion experiments of Kochs ( 1  1) 
and Snapper et al. (12). Snapper el a/ .  (12) also found that the 
same reaction occurs in the perfused human kidney, It is interesting 
to note that the study of Bunge and Schmiedeberg (10) dated back 
to 1876. In the rabbit, 80-10007, of an oral dose is metabolized to 
hippuric acid. At sufficiently low doses, only negligible amounts 
(0-3%) of the drug are excreted unchanged and another G20Z 
may be excreted as the glucuronide. At high doses, formation of 
hippuric acid proceeds at a constant rate, which varies considerably 
between species with an average rate of formation of 147 mg./hr. in 
the rabbit (1 3). 


This article reports a study of the overall metabolic conversion of 
benzoic acid to hippuric acid in the whole animal. An attempt was 
made to quantify the contributions made by the kidney in contrast 
to the body as a whole. I t  was assumed that the blood level of a 
metabolite is a measure of liver metabolisni, although other organs 
may have contributed to the metabolite concentration. For several 
reasons the experiments were carried to steady-state conditions 
before biological systems were obtained: 


I t  is well known that when a drug is administered, there is a 
"real" lag time before the rate of excretion reflects the rate of decay 
of the plasma concentration curve. This lag time exists regardless of 
occurrence of metabolism and is due to physiological events such 
as the effects of distribution within the body, as well as within the 
kidney, and to what might be referred to  as mechanical events such 
as frictional forces which retard the flow o f  fluid through narrow 
kidney tubules. The contribution of each factor is not easily defined, 
but the lag time is real and has been estimated to be as long as 5 
min. (14). This is a short time period, but if a compound has a 
rapidly falling blood level, a calculation error is introduced. 


2. The interpretation of data involves some sort of correlation 
between substrate concentration in the central compartment and 
the rate of metabolism, which is calculated from plasma and urinary 
excretion data. The correlations that are made when the kinetics of 
a compound is in a state of flux can be affected by distribution and 
equilibration processes (15) and the type of inodel used. 


3. Supposing that all the products of a metabolic pathway con- 
tribute to  a metabolite pool, M ,  from which the metabolite is ex- 
creted into urine, under steady-state conditions the rate of input 
into M ,  d in/&, equals output, d out/d/; i .e..  the rate of metabolism 
equals the rate of excretion (Scheme I). The effects of reabsorption 
of metabolite, if any, would also be negated. From analysis of urine 
data, one can then conveniently estimate the rate of metabolism. 


1. 


L 1 


k," 


Scheme I1 
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The first step is to estimate the clearance of the metabolite, 
hippuric acid. Hippuric acid (HAU) was infused until a steady 
state was reached and was maintained throughout the entire ex- 
periment. The rate of excretion is given by the equation: 


HAU ($) = k,VpC,,HAU 


Clearance is obtained by rearrangement of Eq. 1 : 


At sufficiently low plasma concentrations, when T ,  is not exceeded, 
the clearance value is presumed to be constant. The cleafance so 
defined will be referred to as the true renal clearance, (V&.., to 
differentiate it from the apparent renal clearance, ( Vc~)app.r which is 
later defined mathematically. 


If the parent compound, benzoic acid (BA), is now infused into 
the system, metabolism occurs which adds hippuric acid to the 
system. If it is postulated that metabolism to hippuric acid occurs 
in both the liver and the kidney, then a model can be set up to 
illustrate the fate of benzoic acid in the system (Scheme II), where 
CBA and CEtAU denote amounts of the respective compounds 
in the central pool, U denotes the amount excreted in the urine, and 
k , L  and k,,,K are rate constants for the metabolism of benzoic acid 
in the liver and kidney, respectively. The rate constant for excretion 
of hippuric acid from the central pool is k, .  In this model, benzoic 
acid introduced intravenously into the systemic circulation is 
assumed to be metabolized by the liver, with a rate constant equal 
to k,,,L. The metabolite is then reintroduced uia the hepatic vein into 
the systemic circulation before being transported to the kidneys 
and excreted into urine. Metabolites formed in the kidney are 
introduced directly into the urine. It is possible that the metabolite 
is reabsorbed into the vascular system. From considerations of the 
location of mitochondria in the tubules, blood flow to this region, 
partition characteristics of hippuric acid, and clearance data, it is 
likely that hippuric acid is excreted directly into urine with prac- 
tically none of it appearing in the blood. 


If kidney metabolism takes place during administration of ben- 
zoic acid, hippuric acid clearance is affected. By considering Eq. 2, 
the rate of excretion of hippuric acid, (dA/dt)HAU, is increased due 
to formation of hippuric acid in the liver and kidney and subsequent 
excretion; C,,HAU may also be increased but not to a proportionate 
extent. Most of the hippuric acid that is formed in the kidney 
tubules is directly excreted into urine. The ratio of: rate of excretion 
to plasma concentration of hippuric acid or ( VJrAU, therefore, 
increases if metabolism in the kidney takes place. To differentiate 
this value from true renal clearance, this term will be called appar- 
ent renal clearance. The proof of drug metabolism in the kidney 
therefore rests in the change in clearance after administration of the 
precursor as compared to the estimate during administration of the 
metabolite itself. The apparent renal clearance exceeds the true 
renal clearance, the difference being due to renal metabolism: 


Clearances, however, can be affected by other factors. An in- 
crease In clearance can be brought about by changes in protein 
binding and volumes of distribution of hippuric acid in the presence 
of benzoic acid. Benzoic acid can compete with tubular secretion or 
the T, for secretion can be exceeded, in which case erroneous values 
for rate of metabolism would be obtained. To monitor the effects of 
changing plasma concentrations of benzoic acid and hippuric acid 
on the excretory process, the hippuric acid that was infused through- 
out the experiment was labeled at the carboxyl carbon with 14C. 
In this way, by comparing the rate of excretion of radiotagged com- 
pound to total metabolite, one can detect changes in plasma clear- 
ance. If T ,  for secretion is not exceeded and there is no competition 
for secretion, then the rate of excretion of radiotagged metabolite 
should be a constant during the entire experiment. 


The contribution of the kidney and presumably the liver can be 
calculated in the following way. During the simultaneous infusion 
of benzoic and hippuric acids, the total rate of excretion of hippuric 
acid is the sum of excretion from infused hippuric acid or I4C- 
labeled hippuric acid and excretion of the nonlabeled metabolite as 
it  is metabolized from benzoic acid: 


where (dM/dt)? refers to the amount of hippuric acid per unit time 
formed by all sites of metabolism. The metabolites are supplied 
from two sources, the liver and the kidney: 


and at steady state: 


calculated from infusion of L4C-labeled hippuric acid X plasma 
concentration of hippuric acid at any data time point under con- 
sideration, and: 


These reactions are obviously enzymic transformations and are 
expected to exhibit Michaelis-Menten kinetics. To study further 
the kinetics of metabolism, the infusion of benzoic acid was ad- 
ministered at different rates, attempting to reach steady state at 
each level of infusion. 


As far as is known, this study is the first of its kind to attempt 
to utilize magnitudes of true renal clearance as an index for the 
determination of renal drug metabolism and metabolism in other 
organs, presumed in this instance to be the liver. 


EXPERIMENTAL 


Animal Preparation-Male, New Zealand, white rabbits and a 
Rhesus monkey were the test animals. Initially, intravenous doses 
of benzoic acid and hippuric acid were administered to the animals 
to determine pharmacokinetic parameters. The results of these 
intravenous bolus studies were used as the basis for the estimation of 
priming doses, infusion rates, and times for subsequent infusion 
experiments. Before the infusion experiments, the animals had to be 
surgically prepared to allow for collection of blood and accurate 
urine samples. Most of the surgical maneuvers, with the exception 
of ear vein cannulation in rabbits, were performed under barbiturate 
anesthesia. The infusion experiments were started after a recovery 
period of at least 16 hr. For the infusion experiments, animals were 
kept in restraining chairs or cages. In the first step of the infusion 
experiment, radiolabeled metabolite was infused, carried to steady 
state, and maintained throughout the experiment. Varying doses of 
parent drug were then infused, and each rate of infusion was again 
carried to steady state. Blood and urine samples were obtained at 
each infusion level. Aliquot portions of plasma and urine were 
analyzed for benzoic acid and hippuric acid and for radioactivity. 


Infusion Procedure-A priming dose of 50 mg. radiotagged 
hippuric acid was followed 20 min. later by infusion of 14C-labeled 
hippuric acid at 500 mcg./min. From the intravenous bolus data, 
the steady-state plasma concentration expected with a 500-mcg./ 
min. infusion is 4.4-11 mcg./ml. The following is the sequence used 
in the administration of benzoic acid. 


Benzoic Acid Itifusion Period I-At 140 rnin., a 50-mg. priming 
dose of benzoic acid was administered, followed at 160 min. by 
infusion of benzoic acid at 500 mcg./min. The expected CP., from 
this rate of infusion is 1.5-2.4 mcg./ml. Samples were obtained from 
220 to 280 min. 


Benzoic Acid Infusion Period 2-At 280 min., a bolus dose of 
benzoic acid of 10 mg. was administered and the rate of benzoic 
acid infusion was increased from 550 to 1100 mcg./min., with an 
expected Cpea of 3-4.8 mcg./ml. Samples were obtained from 360 to 
420 min. 


Betzzoic Acid Infusion Period 3-At 420 min., a bolus dose of 
benzoic acid of 10 mg. was administered and the rate of benzoic acid 
infusion was again increased to 1500 mcg./min. The expected Cp,, is 
4.6-6.7 nicg./ml. Samples were obtained from 480 to 540 min. 


Benzoic Acid Itifusion Period 4-At 540 rnin., a bolus dose of 35 
mg. was administered and the rate of infusion was increased to 
2950 mcg./min., with an expected Cp,, of 9.1-13.2 mcg./ml. At the 
higher infusion rates, the observed CP,, values exceeded the pre- 
dicted values. Samples were obtained from 600 to 660 min. 
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Figure 1-Plustiiu concentration-time curve obtuined after iritra- 
venous adniinistration of 50 mg. hippuric acfd to Rabbit I .  


The mentioned infusion rates apply to Rabbits S3 and S7. The 
infusion rates in Rabbit S2 were lower and were at  285, 560, 1097, 
and 1535 mcg./min. at  Periods 1-4, respectively, preceded by prini- 
ing doses in the same order of magnitude as those discussed previ- 
ously. It should be noted that at  the higher rates of infusion where 
saturation is approached, the prediction of a steady-state plasma 
concentration is difficult and a longer time may be required to  
reach steady state. 


Materials-Catheters for ear vein cannulation in rabbits con- 
sisted of polyvinyl tubing' [0.038 cm. (0.015 in.) i.d.1. Catheters used 
for ureteral implantation in both the monkey and rabbits were poly- 
vinyl tubing2 [0.05 cm. (0.022 in.) o.d., 0.031 cm. (0.012 in.) i.d.1. 
For chronic implantation of intravascular catheters in the monkey, a 
No. 20 size tubing was used [0.08 cm. (0.034 in.) o.d., 0.041 cm. 
(0.016 in.) i.d.1. 


Analysis of Benzoic Acid in Plasma-Benzoic acid was quanti- 
tatively converted to the more volatile trimethylsilyl derivative 
and assayed by a GLC method. Plasma was acidified to a pH of 2.8 
=t 0.2 and extracted with ether. The pKa of benzoic acid is 4.2. 
The ratio of ether to aqueous volumes was 1 :20. Under these con- 
ditions, all of the benzoic acid was quantitatively transferred into 
the ether fraction. The procedure for extraction is as follows. A 25- 
pl. solution of saturated potassium bisulfate was added to  0.5 ml. 
plasma and extracted with 10 ml. distilled ether. A 9-ml. aliquot 
of the ether fraction was pipeted off and evaporated down to a 
volume of about 100 pl. at 45-50'. To the residual solution was 
added 1 ml. of a carbon disulfide solution containing 2 mcg. diethyl 
diethyl malonates and 5 pl. bis(trimethylsilyl)trifluoroacetamide4. 
The sides of the test tube were thoroughly rinsed with the carbon 
disulfide mixture. The solution was again evaporated in a hood at  
45-50" to a volume of 50 pl. About 1-2 pl. was injected into a gas 
chromatograph6 fitted with a 1.82 m. (6 ft.) X 0.32 cm. (0.125 in.) 
0.d. stainless steel column and a flame-ionization detector (FID). 
The packing material consisted of 3% OV-1 coated on Gas-Chrom 
Q, 100-120 mesh. The operating conditions were as follows: injec- 
tion port temperature, 200"; oven temperature, 110"; and detector 
block teniperature, 160". Nitrogen, air, and hydrogen flows were 
at  30, 300, and 25 ml./min., respectively. The range was 1, and 
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Figure 2-Plasma concentratioti-time curve obtained after ititra- 
venous administrution of 50 mg. benzoic acid to Rabbit I .  


attenuation was 4-32. The retention times of benzoic acid and di- 
ethyl diethyl malonate were 3.2 and 3.8 min., respectively. 


Quantitation of benzoic acid was by comparison of peak height 
ratios of benzoic acid to  the internal standard, diethyl diethyl malon- 
ate. An OV-1 column was found to give the cleanest chromatograms 
with plasma samples. This GLC method is accurate to  concentra- 
tions of 0.5 mcg./ml., with a coefficient of variation of 3x at this 
concentration. Plasma blanks invariably had very small peaks with 
the same retention times as benzoic acid on both OV-17 and OV-1 
columns. The peak could possibly be endogenous benzoic acid. 
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Figure 3-Plasma coiiceiitratioti-time c imr  and rate of excretion- 
time curve obtuined after intravenous administration of 100 mg. 
liippuric acid lo Robbit 3. Key: 0, CzA" curve; and A, AAHAU/At 
curve. 
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Table I-Kinetic Parameters Calculated from Data Obtained after Intravenous Injection of Hippuric Acid to  Rabbits 


P,  ( li,,,,,~. VP7 
min.-1 ml./min. ml. 


Dose, A ,  B, C,", 5 Rabbit 
Number mg. mcg./ml. mcg./ml. mcg./ml. min.- 


1 50 75 17 92 0.50 0.06 115 54 3 
(4.5 kg.) 
2 50 65 25.5 91 0.23 0.03 44 550 
(3.6 k.) ~. 


3 
(3.7 kg.) 


100 80 47.6 127.6 0.41 0.07 I14 784 


~ ~~~~~ 


a Corrected for body weight, the values are 26, 12. and 31 ml./min./kg. for Rabbits 1, 2, and 3, respectively. 


Table 11-Kinetic Parameters Calculated from Data Obtained after Intravenous Injection of Benzoic Acid to Rabbits 


Rabbit Dose, A, B, CPO, 5 P,  ( Gcdp!=, v,, 
Number mg. mcg./ml. mcg./ml. mcg./ml. m i x  min.-l ml./min. ml. 


1 50 16 2 .6  18.6 0.20 0.04 323 2695 
(4.5 kg.) 
2 50 18.5 3.8 22.3 0.23 0.03 224 2242 
(3.6 k.) 
3 100 55 4 .6  59.6 0.17 0.03 20 1 1679 
(3.7 kg.) 


~~~~ 


(1 Corrected for body weight, the values are 72.62, and 54 ml./min./kg. for Rabbits 1, 2, and 3, respectively. 


The peak heights were too small to be measured with accuracy and 
can only he estimated to  be about 0.05 mcg./ml. plasma. 


Analysis of Hippuric Acid in Plasma-Hippuric acid was first 
hydrolyzed to  benzoic acid, which was then extracted and quan- 
titated by the GLC method. Since the ratio of hippuric acid to 
benzoic acid in plasma was always greater than 1.5, the error in- 
volved in a difference method is small. A suitable volume of plasma 
(0.05-0.25 ml.) was diluted to 0.25 ml. with distilled water, and 
0.25 ml. of a 6 N hydrochloric acid solution was added. The test 
tube was securely capped and heated at  100" in a heating block for 
16 hr. After cooling, the sample was extracted with 10 ml. ether. 


Analysis of Benzoic Acid in Urine-Benzoic acid in urine was 
quantitated by the GLC method since the amounts present were 
very low; 0.5 ml. of a 10-20-fold dilution of urine was used. The 
procedure for extraction and quantitation were as described for 
benzoic acid in plasma. 


Analysis of Hippuric Acid in Urine-The amounts of hippuric 
acid in urine are high and therefore do  not require a sensitive GLC 
method for determination, A colorimetric method based on the 
formation of the colored azolactone when hippuric acid is reacted 
with benzenesulfonyl chloride in a basic solution was used. The 
procedure and the reaction were discussed by Umberger and Fiorese 
(16). The red-orange color that is formed had a stable absorbance 
at  380 nm., which follows the Beer-Lambert law over a wide range 
of concentrations. Salicyluric acid and other amino acids are also 
reactive, but benzoic acid, amino acids, and other related acids do  
not give the same reaction. 


The method used was as follows. Water was removed from a 
quantity of urine (5-100 PI.), estimated to  contain from 20 to  150 
mcg. hippuric acid, by passing a stream of nitrogen over the samples 
kept at  50-60". The time required for complete removal of water 
did not exceed 30 min. To the residue was added 0.5 ml. pyridine 
and 0.2 ml. of benzenesulfonyl chloride. After standing 20 min. or 
longer, the mixture was diluted to  5 ml. with chloroform and the 
absorbance was read against a urine blank on a spectrophotometer6. 
The calibration curve had a slope of 225.4 and a coefficient of vari- 
ation of 3.2% at a concentration of 20 mcg./5 ml. solution. 


Analysis of Radioactive Hippuric Acid in Urine-Radioactive 
hippuric acid in the urine was measured by liquid scintillation 
counting in a scintillation spectrometer'. An aliquot of 0.2-0.5 ml. 
urine was pipeted into a 20-ml. volume, low potassium glass or 
polyethylene vial, and 10 ml. of a modified Bray's cocktail was 
added. The cocktail had a composition of 6 g. Omnifluors and 


6 Beckman DB. 
7 Packard Tri-Carb. 
* New England Nuclear. 


150 g. reagent grade naphthalene, dissolved in 100 ml. ethoxyethanol 
and 20 ml. ethylene glycol, made up to 1 1. with scintillation grade p- 
dioxane. The cocktail was kept in the dark until required. Settings 
on the scintillation counter were: window, 5Cb1000; and gain, 12 f 
1%. Quench determination was made by the internal standard 
method (17), using a 14C-toluene standard with an activity of 3.48 X 
lo5 d.p.m./ml. The efficiency of counting ranged from 70 to 80% 
but did not vary by more than 2 z  on individual runs. 


RESULTS AND DISCUSSION 


The plasma decay curves after an intravenous bolus of 50 mg. 
hippuric acid and benzoic acid from one animal are shown in Figs. 
1 and 2, respectively. Both compounds exhibited a biexponential 
plasma decay curve. The simplest empirical model which corre- 
sponds to this type of decay is a two-compartment open system. 
The general solution for such a model is: 


Cp = Ae-"' + Be-B' (Eq. 8) 


The semilogarithmic plots of the plasma concentration-time curves 
were solved graphically to give an estimate of the exponents a and 


20 40 60 80 
c H 9 U  


II , rncg./rnl. 


Figure &Plot of excretion rate versus plasmn concentration to ob- 
tain clearance after intravenous administrotion of 100 mg. hippuric 
acid to Rabbit 3. Slope = (V&=. = 107 ml./min. 
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Figure 5-Plot of 2AHAu against JC:Au.dt to obtain the clearance 
of hippuric acid from urinary excretion data after intravenous ad- 
ministration of 100 mg. hippurate to Rabbit 3. Slope = (Vo~)ez. = 
95 ml. min.-'. 


p, the coefficients A and B,  and other pharmacokinetic param- 
eters (Tables I and 11). 


With reference to Table I, it is noteworthy to recall that hippuric 
acid is excreted without further metabolism. Therefore, k,l repre- 
sents the excretion rate constant. Whether expressed in terms of 
( vet),, or kol, it is clear that the difference observed in these animals 
is in the difference in the ability of the kidney to handle the excre- 
tion. Serial urine samples were obtained from Rabbit 3, which had 
an indwelling Foley catheter in the bladder. Large amounts of 
hippuric acid were observed in the urine as early as 5 min. after 
administration of the compound. The rate of urinary excretion 
paralleled plasma concentrations after an initial lag period (Fig. 3). 
The clearance was calculated from plasma data by the area method. 
Clearance was also obtained from urinary data, from the plot of 
rate of excretion of hippuric acid against plasma concentrations of 
hippuric acid with (v&. being the slope (Fig. 4). Another com- 
putation of ( Vci)pl from excretion data is from the plot of the in- 
tegrals of rate of excretion and plasma concentration, ZAH*'-J and 
l i C y U . d t ,  respectively (Fig. 5 ) .  This method is less sensitive to 
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Figure 6-Plasma concentrations and urinary excretion rates during 
sequential hippiirate and benzoate infusion in Rabbit S3. Key: 0, 
CHA I) (mcg. ml.-l); 0, CPBA (mcg. r n l . - I ) ;  A, AA"""/At (mg. 
min.-L); and A, AA"""'/At (d.p.m. X lo' min.-'). Each solid line 
and each broken line represent a I-hr. interoal. 


Table m-Comparison of Hippurate Clearances Obtained by 
Different Methods of Calculationa 


Area 
Method: 


Intra- 
Method. of venous --Urinary Excretion Data- 


Calculation Data a b 


Clearance, 114 107 95 
ml./min. 


Using Rabbit 3.  


errors from incomplete urine collection, and there is no correction 
for midpoint plasma concentrations. The clearances calculated by 
the different methods are shown in Table 111. It can be seen that 
( Pc,),, of 114 ml./min. is higher than (V& calculated from either 
the rate plot (107 ml./min.) or the integrals plot (95 ml./min.). The 
values obtained by the latter two methods of calculation have an 
inherent error due to the lag time which exists before urine ex- 
cretion parallels plasma concentration. The clearance values for 
hippuric acid are much higher than inulin clearance but approach 
those of 14C-labeled p-aminohippuric acid, which averages 105 ml./ 
min. in rabbits (18). Therefore, the clearance of hippuric acid 
approximates renal plasma flow at high plasma concentrations of 
greater than 5 mcg./ml. At low plasma concentrations, there is a 
flection in the curve in both the rate plot and the integrals plot 
(Figs. 5 and 6) which is possibly due to tubular reabsorption of the 
compound. 


The results of benzoic acid and 'C-labeled hippuric acid infusion 
into one rabbit are shown in Figs. 6-8. The rate of excretion of 
14C-labeled hippuric acid was ostensibly constant throughout the 
experiment (Fig. 6). Fluctuations of 14C-labeled hippuric acid 
excretion paralleled those of total excretion of hippuric acid and 
was probably due to fluctuations In renal plasma flow or urine 
flow. The urine pH was relatively constant, ranging from 5.0 to 
5.65. Urine flow rate was fairly constant. Slight increases were 
observed during the higher infusion rates and could have been due 
to either the increased volume of infusion or high amounts of salt 
in the urine. The renal clearance of hippuric acid in these animals 
ranged from 20 to 58 ml./min. These values are generally lower 
than the clearances obtained after intravenous bolus injections but 
were constant throughout the infusion period. 


As part of the surgical procedure, ureteral catheters 3-4 times the 
length of the ureter were placed in the animals. The internal diam- 
eter of the synthetic catheter was smaller than its natural counter- 
part. The increased length and smaller diameter supply a sub- 
stantial resistance to flow which builds up in the catheter and can 
result in low clearance values. The rabbit is also very responsive to 
hernodynamic changes caused by surgical trauma. This did not 
affect the primary purpose of this investigation, which was to  
observe the metabolism of the kidney. At the higher infusion rates 
of benzoic acid, the renal clearance of hippuric acid was appar- 
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Figure 7-Rate of hippurate formation at varying plasma concentra- 
tions of benzoic acid in Rabbit S3. Key: 0,  liver; and A, kidney. 
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Figure 8- Woolf plot of S/V versus S for liver and kidney enzyme 
systems during infusion of benzoic acid in Rabbit S3. Key: A, liver: 
and @, kidney. 


ently constant over the infusion period, indicating the con- 
stant rate of metabolism in the kidney. The rate of renal metabolism 
and total body metabolism appears to be capacity limited when 
plasma concentrations of benzoic acid are high (Fig. 7). The curves 
for a plot of rate of metabolism against plasma concentration of 
benzoic acid resemble those of typical enzyme kinetics. Such data 
may be plotted according to one of the linearized forms of the 
Michaelis-Menten equation. The data were plotted according to 
the method of Wooif( 19) and resulted in the regression lines noted in 
Fig. 8. The tabulated regression coefficients are listed in Table IV, 
where the K ,  and V,,,. values are also shown. There is considerable 
variation in the K,,, and V,,,, for both enzyme systems: of the liver 
and of the kidney. The fraction of the dose metabolized by the 
liver or the kidney also showed large variations. The fractional 
metabolism in the kidney ranged from 21 to 88% of the total body 
metabolism. The fraction of the dose metabolized as hippuric acid 
by all systems decreased as the dose was increased. The appropriate 
data are tabulated in Table V. The maximum rates of kidney 
metabolism and of all participating systems were calulated for the 
three animals reported previously (Table VI). The range was 93-300 
mg./hr. Bray et ul. (13) also found a large variation in the maximum 
rate of metabolism within animals of the same species, with an 
average maximum rate of 147 mg./hr. The monkey, on the other 
hand. was found to metabolize benzoic acid only in the liver. 
The 14C-labeled hippuric acid clearance of 150 ml./min. did not 
increase when benzoic acid was administered. Renal plasma flow 
in the Rhesus monkey is between 93 and 143 ml./min. (20), so 
clearance of hippuric acid approaches renal plasma flow in this 
species of animal. 


Metabolism can be capacity limited by one of several events. 
In an enzyme system, a specific enzyme combines with a substrate 
to give an end-product. In some conjugations, e.g., glycine con- 


Table 1V-Data Obtained from the Woolf Plot of the Michaelis- 
Menten Equation for Formation of Hippuric Acid by the Liver 
and Kidney in Rabbits‘ 


~~~ ~ 


Rabbit Metabolizing K,, VCOax., 
Number Organ mcg./ml. mcg. min.-’ rb 


s 2  Liver 16.0 625 0.99 
Kidney 2 . 9  917 0 .99  


s3 Liver 6 . 0  2500 0 .99  
Kidney 8 . 8  1299 0.97 


s 7  Liver 25.6 2564 0.95 
Kidney 17.2 2439 0.91 


.There is no completely satisfactory method of weighting data 
treated by the Woolf procedure since there are two variables, S ,and V.  
Therefore, no attempt was made to weight the data. * Correlation co- 
efficient from the linear regression line. 


Table V-Fractional Metabolism of Benzoic Acid by Specific 
Organs and by Total Body Metabolic Sites at 
Various Plasma Concentrations 


Percent 
Hippuric Acid Percent Dose 


Rabbit C, Benzoic --Formed in- Excreted as 
Number Acida Kidney Liver Hippuric Acid 


s 2  3 . 6  80.6 19.4 100 
2 . 6  78.5 21.5 100 


13.0 87.9 12.1 56.5 
20.5 69.2 30.8 55.8 


s3 2.24 21.1 79.9 96.8 
4 . 3  25.2 74.8 86.7 


1 0 . 3  35.6 64.4 79.5 
24.7 31.9 68.1 70.0 


s 7  4 . 0  63.6 36.4 107.9 - 
10.2 49 .0  51.0 98.0 
13.0 53.5 46.5 63.7 
23.6 55.2 44.8 61.1 


a Steady-state plasma concentrations of benzoic acid. 


jugation, a secondary substrate is required. If substrate concentra- 
tion is sufficiently high that all the enzyme is bound as ES complex, 
i.e., S >> K,, thenthelimiting factor is theconcentrationof freeenzyme 
itself. In the conjugation of benzoic acid with glycine, the rate- 
limiting factor is the limited availability of the secondary substrate, 
glycine (21). The rate of conjugation of benzoic acid with glycine 
is very rapid and reaches a limiting rate only at high concentrations 
of benzoic acid, Kriiger-Thiemer and Levine (22) showed, by analog 
computer simulation, that a limitation by any of the above events 
would result in Michaelis-Menten kinetics indistinguishable 
kinetically from one another. 


The reported experiments were done in the whole animal, and 
the kinetics of metabolism appear to follow the Michaelis-Menten 
equation. The observed kinetics are undoubtedly the net result of 
more than one enzyme system, including the effects of enzyme 
systems involved in transport through cell membranes. These 
studies were also performed using the intravenous route of ad- 
ministration, and the effect of passage through the GI wall with 
the subsequent first passage through the liver was therefore elim- 
inated. Different results may be expected when drugs are given via 
the oral route. Metabolism during passage through the intestinal 
mucosa or during passage through the liver may result in a lower 
fractional metabolism by the kidney. Furthermore, no attempt 
was made in these studies to isolate the rate-limiting event. As 
noted before, the metabolism of benzoic acid requires a quick 
turnover of glycine which may be the rate-limiting event in benzoic 
acid metabolism. 


These studies showed clearly that the kidney makes an apprecia- 
ble contribution to the total body metabolism of benzoic acid in 
the rabbit. Where kidney malfunction exists, it is possible that the 
liver or other metabolizing enzymes undergo rapid induction, 
thereby minimizing the potential for toxic response. The authors 
are not aware of detailed studies of this phenomenon, which 
warrants further examination. Frequently, pharmacokinetic analyses 
are attempted from urinary excretion data, on the presumption that 
the excretion pattern of the drug and its metabolites essentially 
mirror their time course in the blood. If kidney metabolism takes 
place, this assumption would not hold for the metabolite nor for 
the parent drug. The rate of disappearance of the metabolite from 
the blood and its rate of appearance in the urine will differ sig- 
nificantly from one another. Estimation of the volume of distribu- 
tion of the metabolite or its plasma clearance from plasma and 
urinary excretion data assuming no kidney metabolism occurs will 


Table VI-Maximum Rates of Conversion of Benzoic Acid to 
Himuric Acid by the Kidney and Liver in Rabbits 


Rabbit (v msx. )kidney, ( Vmax.)”ver, 
mg. hr.-I mg. hr.-I Number 


s 2  
s3 
s 7  


55 
80 


146 


93 
228 
300 
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be seriously in error. p-Aminohippuric acid is used routinely for 
the evaluation of kidney function and effective renal blood flow. 
It was noticed that in some species consistently low clearance 
values were being obtained, and this finding was traced to the 
metabolism occurring in the kidney (23). 


In the clinical situation, it may be important to know what types 
of drugs are metabolized in the kidney and the extent to  which this 
occurs. One should be aware of the possible effects of administering 
these drugs to anephric patients or to patients suffering from any 
form of renal failure. These patients often have other accompanying 
ailments and may be treated with a large variety of drugs. Accu- 
mulation of drugs and toxic reactions may occur if the kidneys no 
longer contribute to metabolism. 
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Renal Contribution to Overall Metabolism of Drugs 11: 
Biotransformation of Salicylic Acid to Salicyluric Acid 


SUK HAN WAN* and SIDNEY RJEGELMAN‘ 


Abstract 0 The biotransformation of salicylic acid to  salicyluric Rhesus monkey 0 Salicyluric acid from salicylic acid biotrans- 
acid in the Rhesus monkey was studied, and the contributions made formation-renal metabolism contribution, renal and apparent 
by the kidney to the metabolic process were estimated from analysis clearances, Rhesus monkey 0 Renal metabolism-biotrans- 
of clearance data. formation of salicylic acid to salicyluric acid, renal and apparent 


clearances, Rhesus monkey 0 Biotransformation kinetics-sali- 
Keyphrases 0 Salicylic acid biotransformation to salicyluric acid- cylic acid to salicyluric acid, renal metabolism contribution, 
renal metabolism contribution, renal and apparent clearances, Rhesus monkey 


It was shown in a previous paper (1) that the con- 
version of benzoic acid to hippuric acid occurs in the 
kidney of the rabbit. This paper presents a similar study 
of salicylic acid metabolism to  salicyluric acid in the 
monkey. After reviewing the literature, it was found 
that none of the laboratory animals have been reported 
to metabolize salicylic acid (SA) to salicyluric acid 


(SAU) in quantities similar to those of man. No informa- 
tion was available on the metabolism of salicylic acid in 
the Rhesus monkey, a useful experimental animal. A 
preliminary study was undertaken to determine the 
fate of salicylic acid in this animal. At a dose equivalent 
to a 625-mg. dose/70-kg. man, it was found that the 
Rhesus monkey excreted high amounts of salicyluric 
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bility of some n-alkyl p-aminobenzoates in various 
binary solvent systems consisting of propylene glycol 
and water are shown in Fig. 1. It can be seen from the 
data in Fig. 1 that the slopes of the lines (Le., the value 
of 6) increase with the increasing chain length of the 
ester, In other words, the more nonpolar the homolog, 
the greater is its dependence upon the volume fraction of 
the nonaqueous component. 


I t  has been noted (5-10) that frequently in water and 
other pure solvents: 


log S ,  = log Lo - 6n 0%. 2) 
where S,  is the solubility of the homolog having n 
carbons in its alkyl chain, and S,,,, is the intercept at  a 
real or hypothetical chain length of zero. We have also 
noted that this relationship can be valid for homologous 
series in mixed solvents of any composition. As can be 
seen from the slopes of the lines in Fig. 2, the value of 
6 for the alkyl p-aminobenzoates is highly dependent 
on the solvent composition. [The breaks in the curves at 
four carbons were explained previously (7).] 


It was postulated by other investigators (10-15) that 
solubility is determined in part by the combined energy 
required to create a cavity in the solvent which can 
accommodate the solute molecule and the energy in- 
volved in the insertion of a solute molecule into the 
cavity. For nonpolar materials, these processes can be 
highly influenced by the molecular hydrophobic surface 
area. To be specific, we have observed that the above 6 
and E values can be related to the interfacial tension 
between the polar solvent or solvent mixture and a low 
energy hydrocarbon surface such as hexane, multiplied 
by the hydrophobic surface area of the homolog that 
would be exposed to the polar solvent. This work and 
some of its ramifications will be reported more com- 
pletely in a forthcoming publication'. 


(1) G. L. Flynn and R. G. Smith, J.  Pharm. Sci., 61, 61(1972). 
(2) P. H. Elworthy and H. E. C. Worthington, J. Pharm. 


(3) C. F. Peterson and R. E. Hopponen, J. Amer. Pharm. Ass., 


(4) F. Shihab, W. Shefield, J.  Sprowls, and J. Nematollahi, 


(5) B. Poulson, E. Young, V. Coquilla, and M. Katz, ibid., 57, 


Pharn~acol., 20, 83q1968). 


Sci. Ed., 42, 54q1953). 


J. Pharm. Sci., 59, 1574(1970). 


928( 1968). 
(6 )  G. L. Flvnn and S. H. Yalkowskv. ibid.. 61. 838(1972). 
(7) S. H. Yalkowsky, G. L. Flynn,'and T. G. Siuncik, ibid., 


(8) G. Saracco and E. Spaccamela Marchetti, Ann. Chem., 48, 


(9) E. Spaccamela Marchetti and G. Saracco, ibid., 48, 1371 


61, 852(1972). 


1357( 1958). 


(1958). 
(10) L. J. Mullins, Chem. Reu., 54,289(1954). 
(11) D. D. Eley, Trans. Faraday Soc., 35, 1281(1939). 
(12) Ibid., 35, 1421(1939). 
(13) H. H. Uhlig,J. Phys. Chem., 41, 1215(1937). 
(14) R. A. Pierotti, ibid., 67, 184q1963). 
(15) D. S. Choi, M. S. Jhon, and H. Eyring, J .  Chem. Phys., 53, 


2608( 1970). 
S .  H. YALKOWSKY. 
G. L. FLY" 
G. L. AMIDON 
The Upjohn Company 
Kalamazoo, MI 49001 


Received February 28, 1972. 
Accepted for publication March 30, 1972. 
A To whom inquiries should be directed. 


1 S. H. Yalkowsky, G. L. Flynn, and G. L. Amidon, in preparation. 


984 a Jourtiul of Pharmaceutical Sciences 


Magnesium Lauryl Sulfate- 
Soluble Lubricant 


Keyphrases 0 Magnesium lauryl sulfate-evaluation as tablet 
lubricant 0 Lubricants, tablet-evaluation of magnesium lauryl 
sulfate 0 Tablet lubricants-evaluation of magnesium lauryl 
sulfate 


Sir: 


Lubricants are usually required in tablet and capsule 
formulations. Magnesium stearate is the most widely 
used lubricant, but its waterproofing properties can 
retard disintegration and dissolution. Thus, surfactants, 
such as sodium lauryl sulfate, are often added to formu- 
lations to counteract the waterproofing action of mag- 
nesium stearate (1, 2). We searched for a compound 
with the lubricating properties of magnesium stearate 
but without its waterproofing liability. We found one 
effective in three of four formulations studied. 


The criteria against which the lubricants were mea- 
sured were : 


1. Will the formulation run? 
2. What is the unit tablet or capsule weight variation 


from the mean (i.e.,  the variance)? In each study, we 
tested for differences in weight variability given by two 
different batches by forming the ratio of these variances. 
If the two batches give weight distributions having equal 
variances, this ratio has the F distribution and one can 
test the hypothesis of uniform variance. In the first 
study, a tablet granulation with terra alba (89.9 z), 
a-cellulose (4.8 x), acacia ( I  .2 x), and sucrose (4.1 %) 
was used. Starch ( 5 % )  and the lubricant (Table I) were 
added with adequate mixing, and the granulations were 


Table I-Tablets 
~ ~ 


Mean Tablet 
Lubricant Weight", mg. CV, % 


0 . 5 %  


0 .25% 


0.125% 


0.25% 
0.125% 
0.0625 % 


0 . 5 %  


0.5% 
0.25% 


0 . 5 %  


0.01 25 % 


0 . 5 %  


0 . 5 %  


None 


Magnesium lauryl 


Magnesium lauryl 


Magnesium lauryl 


Magnesium stearate 
Magnesium stearate 
Magnesium stearate 
Magnesium stearate 


Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 


Talc 


sulfate 


sulfate 


sulfate 


Polyethylene glycol 
6000 


Dioctyl sodium sulfo- 
succinate (85Z)  and 
sodium benzoate 
(15%) 


1191.9 


1238.5 


Would not 
compress 
1191.2 
1229.0 
1200.5 


Would not 
compress 
1233.5 
1246.1 


Would not 
compress 


Would not 
compress 


Would not 
compress 


Would not 
compress 


Would not 
compress 


1.80 


1 . I 7  


1.84 
1.88 
2 .10  


2.59 
2 .65  


~~ 


a Twenty tablets were taken at regular intervals during a run, and 
20 tablets were taken at random from a completed batch. Statistical 
evaluation of tablet weight variation data showed that sequential 
weight data and random weight data had roughly equal variability; 
variance estimates from the two sets were, accordingly, pooled. 







Table II-Capsules 


Mean Capsule Disintegration Dissolution, 
Lubricant, mg./capsule Weight, mg.” Time, r n h b  in 10 min? cv9 % 


1 .O Magnesium lauryl sulfate 472.0 
0.5 Magnesium lauryl sulfate 489.7 
0.25 Magnesium lauryl sulfate 473.7 
1 .O Magnesium stearate 468 
0.5 Magnesium stearate 491.7 
0.25 Magnesium stearate 469.3 
None 471 .O 
2 .5  Sodium lauryl sulfate 477.9 


4 
4 
4 


> 270 
120 
50 
7 
4 


2 .4  
3 . 6  
5 . 1  
2 . 2  
3 . 6  
3 .0  
3 . 9  
5 . 5  


a’rwenty capsules were taken at  regular intervals at each of two stations, and 20 capsules were taken at random from a completed batch. Variance 
estimates frcm the sets of 20 capsules tended to be quite homogeneous and were, accordingly, pooled for each lubricant-amount combination, b NF 
XI11 Method 11 with six capsules in 600 ml. of 0.3 % HCI was used for disintegration and dissolution. 


compressed on a tablet machine’ equipped with cap- 
sule shape punches. 


Table I shows that: (a) magnesium lauryl sulfate 
and magnesium stearate were equivalent because there 
were no significant tablet weight variability differences 
between any pair of the five combinations; (b) vari- 
ability for either concentration of sodium lauryl sulfate 
was significantly higher than for all amounts of the 
magnesium salts, except in one case where 0.5 % sodium 
lauryl sulfate was more variable than 0.125 % magne- 
sium stearate, but the difference was not significant at  
the 0.05 level; (c) weight variation varied inversely with 
lubricant content; and (6) several other agents were not 
effective lubricants at  the 0.5 % concentration. 


A similar granulation was run on the rotary tablet 
machine2 equipped with 0.79 X 0.79-cm. (0.31 X 0.31- 
in.) punches. Statistical analyses showed : (a) magnesium 
lauryl sulfate (0.25 %) was equivalent in variability to 
magnesium stearate (0.5 %); (b) magnesium lauryl sul- 
fate (0.25 %) was significantly less variable than sodium 
lauryl sulfate (0.5 %); and (c) magnesium stearate 
(0.5 %) was significantly less variable than sodium 
lauryl sulfate (0.5 %). 


Lubricant performance in the rotary tablet machine 
was also evaluated in a direct compression mix contain- 
ing lactose3 and starch. The results were: (a) mag- 
nesium stearate (0.5 %) was significantly less variable 
than magnesium lauryl sulfate (2.0 %); (b) magnesium 
lauryl sulfate (2.0 %) was significantly less variable than 
sodium lauryl sulfate ( 2  %); and (c) magnesium stearate 
(0.5 %) was significantly less variable than sodium lauryl 
sulfate (2  %). 


Relative lubricating properties of magnesium lauryl 
sulfate and magnesium stearate were also determined by 
comparing capsule weight variations of mixes filled 
on an automatic capsule-filling machined. Each capsule 
contained lithium carbonate (300 mg.), spray-dried 
lactose (90 mg.), and lubricant. 


Table 11 shows that: (a) magnesium lauryl sulfate 
and magnesium stearate were equivalent at  1.0 and 0.5 
mg./capsule concentrations; (b) magnesium stearate 
gave less weight variability than magnesium lauryl sul- 
fate a t  0.25 mg./capsule concentration ; and (c) weight 
variation varied inversely with lubricant content. Note 
in Table I1 that the capsules with 1 mg. magnesium 
lauryl sulfate disintegrated rapidly and the contents dis- 


1 Stokes model F.  
2 Stokes B-2. 
3 Fast-Flo. 
4 Zanasi model LZ 164. 


solved rapidly (Tso% dissolved = 2.7 min.) but the cap- 
sules with 1 mg. magnesium stearate did not (T5,,% dis- 
solved = 48 min.). 


In three of four formulations, magnesium lauryl 
sulfate was equivalent to magnesium stearate as a 
lubricant. It was better than sodium lauryl sulfate. 
Thus, these data indicate that magnesium lauryl sulfate 
possesses the lubricating properties of magnesium 
stearate but without its waterproofing liability. 


While the safety of magnesium lauryl sulfate for use 
in pharmaceuticals remains to be established, we antici- 
pate that it is as safe as sodium lauryl sulfate. Full 
details will be published later. 


(1) M. I. Blake, J.  Amer. Pliarm. Ass., NSll, 603(1971). 
(2) “The Theory and Practice of Industrial Pharmacy,” L. 


Lachman, H. A. Lieberman, and J. L. Kanig, Eds., Lea & Febiger, 
Philadelphia, Pa., 1970, p. 313. 
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Solid-state Ophthalmic Dosage Systems in 
Effecting Prolonged Release of 
Pilocarpine in the Cul-De-Sac 


Keyphrases 0 Ophthalmic prolonged-acting dosage forms-pilo- 
carpine alginate flakes, cul-de-sac deposition, compared to pilo- 
carpine hydrochloride solutions 0 Miosis-prolonged-acting pilo- 
carpine alginate flakes 0 Timed-release dosage forms, ophthalmic 
-pilocarpine alginate flakes, compared to pilocarpine hydrochlo- 
ride solutions 


Sir: 


In the area of oral prolonged-acting pharmaceuticals, 
polyuronic acids have been described (1-3) as suitable 
carriers for the preparation of slightly soluble salt 
complexes. In this respect, we previously cited (4) the 
advantages to solid dose cul-de-sac deposition over 
that of conventional liquid installation for prolonging 
the duration of a desired pupillary response. 
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Characterization of Silver Deposits in Tissue Resulting from 
Dermal Application of a Silver-Containing Pharmaceutical 


B. F. GRABOWSKI’ and W. G. HANEY, Jr. 


Abstract 0 A procedure was developed to characterize the chemical 
nature of silver salts or complexes deposited in body tissues. The 
solubility of silver-containing material in tissues from kidneys of 
rabbits treated topically with silver sulfadiazine cream was deter- 
mined in various solvents. The presence of silver was detected by a 
microchemical test and atomic absorption analysis. The toxicologi- 
cal significance of such characterizations is also discussed. 


Keyphrases 0 Silver deposits in tissue-method of determining 
chemical nature of salts or complexes, rabbits 0 Toxicology- 
silver deposits in tissue after dermal application of silver-containing 
pharmaceuticals, method to determine chemical nature of deposits, 
rabbits 0 Dermal toxicity-silver-containing pharmaceuticals, 
method to determine chemical nature of silver tissue deposits, 
rabbits 


Silver nitrate solution has enjoyed wide utilization in 
the treatment of severe burns covering large areas of the 
body (1). Additionally, several creams containing silver 
salts (acetate, lactate, etc.) have been used (2). In par- 
ticular, the silver salt of sulfadiazine has been recom- 
mended as a chemotherapeutic agent in  the prevention 
of infection in burns (3). 


When an agent is used topically, there is a possibility 
that dermal absorption will occur and result in systemic 
activity. Since the skin is damaged in burns, the likeli- 
hood that agents applied i n  burn therapy will be found 
systemically is increased. Low levels of silver have, in 
fact, been found in the urine of patients undergoing 
extensive topical treatment with silver nitrate solution 
(4). In addition, silver has been found deposited in sev- 
eral tissues following such treatment (5) .  


Studies concerned with the systemic presence of silver 
have been directed to  the determination of its concen- 
tration but not of its chemical form in the affected tis- 
sue. The chemical nature of the complex or salt in which 
silver is found in the tissue is important, however, since 
the nature of the silver cornplex or salt determines the 
extent of its dissociation and, consequently, its toxicity. 


DISCIJSSION 


Reported studies of silver in  biological tissues (6) normally involve 
a preliminary ashing (“wet” or “dry”) to remove interfering mate- 
rial and convert the silver into .a form suitable for the analytical 
scheme. These procedures, however, prevent a characterization of 
the chemical nature of the silver in tissue. Therefore, a study was 
designed to examine the nature of the silver in tissues by avoiding a 
preliminary ashing procedure. 


Kidneys from albino rabbits’ that received daily applications, 
over 100 days, of 1 silver sulfadiazine cream to abraded skin at 
dosages of 5.0, 10.0, or 15.0 g./kg./day were used in this study. Cor- 
responding control rabbits received the ointment base at a dosage 
level of 10.0 g./kg./day. At the termination of the study at 100 days, 
the kidneys exhibited a discoloriition of the renal pyramid which 


~ ~~ ~~ ~ 


1 Donated by Marion Laboratories. Inc., Kansas City, Mo. 
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appeared as a green staining. NO other structural damage of the 
kidney or renal impairment was noted. 


These affected tissues were brought into direct contact with a 
number of solvents including nitric acid, hydrochloric acid, acetic 
acid, ammonium hydroxide, and thiourea. The solutions were then 
tested qualitatively for the presence of silver by a microchemical 
test with potassium dichromate. Atomic absorption analysis was 
also used to detect the presence of silver in the solutions and to con- 
firm the results of the microchemical test. 
In this manner, it was possible to determine the solubility of the 


silver tissue deposits in a number of different solvents. This solubility 
spectrum was then used to characterize the chemical nature of the 
silver deposits in the rabbit kidney. 


EXPERIMENTAL 


Qualitative Test for Sulfadiazine-An initial determination for 
the presence of sulfadiazine in the affected tissue was necessary to 
ascertain its role in any silver complex or salt formation in the 
tissue. 


The tissue samples were homogenized, acidified, and extracted 
with chloroform. The chloroform extracts were reduced in volume 
and applied to a TLC system designed to detect 1 mcg. of sulfadi- 
azine (7). No sulfadiazine was detected in any tissue extract via this 
procedure. 


Microchemical Test for Silver-Four tissue samples were taken 
from each kidney examined, two from the affected region and two 
from the unaffected region. The samples were sectioned and placed 
on a microscope slide. Ten microliters of a test solution (silver ni- 
trate solution equivalent to 0.20 mg. Ag/ml.) were placed on one of 
the tissues sectioned from the unaffected region of the kidney. This 
“seeded” unaffected tissue section was used to demonstrate a posi- 
tive reaction for silver with the test reagent, while the remaining 
unaffected tissue section served as a blank. All of the tissue sections 
were allowed to remain uncovered for 2 hr. 


Ten microliters of the solvent to be tested (16 M nitric acid, 302 
ammonium hydroxide, 50% acetic acid, 3 7 S x  hydrochloric acid, or 
9.0% thiourea) was placed directly on each tissue section. The tissue 
sections were then microscopically observed under low magnifica- 
tion with reflected light. Contact of the solvents with the tissue sec- 
tions was assured by manipulation with a fine glass rod. After 10 
min., the solutions from the tissue sections were removed and placed 
on microscope slides. A small crystal of potassium dichromate was 
added to the solutions and each was again observed microscopically 
under low magnification. A positive reaction for silver (8) was the 
formation of characteristic yellow, triclinic crystals of silver dichro- 
mate. 


In this test, positive reactions for the presence of silver were ob- 
served only in those affected tissues in contact with 16 M nitric acid. 
Four ambiguous results were noted in the 50 tissuesections: two un- 
affected tissue sections and one affected tissue section in contact with 
ammonium hydroxide and one unaffected tissue section in contact 
with hydrochloric acid. 


Atomic Absorption Analysis for Silver-Accurately weighed 
sections of tissue (0.40-0.75 g.) were taken for analysis, five from 
an affected and five from an unaffected region of the kidney. These 
tissue sections were ground to a fine paste with 4.0 ml. of distilled 
water and transferred to a separator. After extraction with ether to 
remove fatty material, 10 ml. of the solvents used in the microchemi- 
cal test was added to the aqueous extracts of the tissue sections and 
mild heat was applied to facilitate dissolution. 


The mixture was filtered and washed with the solvent used, and 
the filtrate was adjusted to  pH 4.5 with 16 Mnitricacid. Thefiltrate 
was then extracted several times with dithizone (13 p.p.m.) in carbon 
tetrachloride (9). The combined carbon tetrachloride extracts were 







Table I-Atomic Absorption Analysis of Silver in Various Solvents 


Solution. Tissue 
Tissue Volume, Concentration, Concentration, 


ml. p.p.m. mg. Ag/g. Tissue Test Tissue Solvent Weight, g. 


Female No. 6 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 


Female No. 7 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 


Male No. 8 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 


Male No. 9 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 
Affected 
Normal 


HNOa 
HNOa 
NHaOH 
NHiOH 
CH3COOH 
CH3COOH 
HzNCSNHz 
HzNCSNHz 
HCI 
HCI 


CHICOOH 
CHxCOOH 
HzNCSNHz 
HtNCSNHz 
HCI 
HC1 


HNO, 
HNO, 
NHiOH 
NHaOH 
CHaCOOH 
CHKOOH 
H ~ N C S N H ~  
HzNCSNHz 
HCI 
HCI 


NHaOH 
NHiOH 
CHaCOOH 
CHBCOOH 
HzNCSNHz 
HzNCSNHz 
HC1 
HCI 


0.32 
0.75 
0.38 
0.66 
0.47 
0.95 
0.45 
0.85 
0.53 
0.90 


0.38 
0.81 
0.48 
0.92 
0.55 
0.82 
0.30 
0.96 
0.43 
0.84 


0.51 
0.86 
0.45 
0.72 
0.54 
0.85 
0.64 
0.86 
0.50 
0.89 


0.41 
0.75 
0.52 
0.86 
0.59 
0.87 
0.41 
0.88 
0.37 
0.86 


43 
46 
30 
41 
39 
43 
43 
41 
48 
41 


47 
39 
35 
38 
42 
41 
38 
35 
41 
37 


47 
38 
43 
38 
35 
50 
34 
35 
41 
40 


41 
37 
47 
39 
46 
44 
35 
41 
48 
40 


0.2470 
Under 0.0122 
Under 0.0151 
Under 0.01 24 
Under 0.01 65 
Under 0,0091 
Under0.0191 
Under 0.0096 
Under0.0181 
Under 0,0091 


0.2160 
Under 0,0096 
Under 0.0145 
Under 0.0082 
Under0.0152 
Under 0.0100 
Under 0.0253 
Under 0.0729 
Under 0.0094 
Under 0.0088 


0.1723 
Under 0,0088 
Under0.0191 
Under 0.0105 
Under 0.01 29 
Under 0.01 17 
Under 0.0106 
Under 0.0081 
Under 0.0164 
Under 0.0089 


0.2000 
Under 0.0098 
Under 0.0180 
Under 0.0091 
Under 0.01 55 
UnderO.O1O1 
Under 0.01 70 
Under 0.0093 
Under 0.0259 
Under 0.0093 


a The lower limit of detection was determined to be 0.2 p.p.m. 


shaken with a solution of 3.0 ml. each of 20x sodium chloride solu- 
tion and 0.03 M hydrochloric acid. This aqueous solution was then 
diluted for analysis2 according to the method of Galetrous and 
Willis (10). 


Calculations for the tissue concentration of silver were based on 
the volume of aqueous filtrate prior to dithizone extraction. Cali- 
bration curves used in the analysis were obtained by adding a volume 
of the standard solution (silver nitrate solution equivalent to 0.20 
mg. Ag/ml.) to an aqueous extract of an unaffected tissue section. A 
blank solution was represented by an aqueous extract prepared from 
an unaffected tissue section. 


Representative results from four different kidneys are summarized 
in Table I. 


CONCLUSIONS 


The silver involved in the tissue discoloration of rabbit kidneys is 
in a form that is soluble only in an oxidizing acid such as nitric acid. 


2 A Perkin-Elmer model 303 double-beam atomic absorption spec- 
trophotometer, equipped with a “high solids” burner head and a slit 
width of 10.16 X 0.064 cm. (4 X 0.025 in.), was used. Acetylene was 
used as the fuel and air was used as the oxidant. The silver line at 3392.9 
.,\ was used with a lamp current of9 mamp. and a bandwidth of 4 A. 


The insolubility of the silver form in the solvents used in this study 
eliminates the chloride, oxide, carbonate, sulfide, phosphate, or 
albuminate salts of silver from consideration, since each of these 
salts is soluble in one or more of the solvents tested ( I  I ) .  Other forms 
of silver can also be eliminated as possibilities. 


Since the silver exists in a form that can be solubilized only by an 
oxidizing acid, it would appear that its dissociation under normal 
physiological conditions would be minimal. Hence, the tissue de- 
posits of silver would not seem to constitute a significant physiologi- 
cal threat, other than possible mechanical interference with kidney 
function. 


The general procedure of solubility determinations developed 
here could be useful in determining the form and toxicological sig- 
nificance of other heavy metal tissue deposits. 
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Effect of Halofenate on Binding of Various Drugs to 
Human Plasma Proteins and on the Plasma 
Half-Life of Antipyrine in Monkeys 


HOWARD B. HUCKER’, SUSAN C. STAUFFER, and SAMUEL E. WHITE 


Abstract 0 Halofenate free acid was shown to reduce markedly 
the binding of salicylic acid and aspirin in human plasma, Similar, 
but much smaller, effects were observed on binding of chloro- 
thiazide, tolbutamide, digitoxin, and phenylbutazone. No effect was 
seen on binding of warfarin, dicumarol, or indomethacin. Halo- 
fenate administration did not alter the plasma half-life of antipyrine 
in rhesus monkeys. 


Keyphrases Halofenate-effect on binding of various drugs to 
human plasma proteins and on the plasma half-life of antipyrine in 
monkeys 0 2-Acetamidoethyl (p-chlorophenyl)( m-trifluoromethyl- 
phenoxy)acetate (halofenate)-effect on binding of various drugs to  
human plasma proteins and on the plasma half-life of antipyrine in 
monkeys 0 Plasma protein binding-effect of halofenate on various 
drugs Half-life, antipyrine-effect of halofenate administration, 
monkeys 0 Antipyrine half-life-effect of halofenate administration 


Halofenate’ is a new drug which reduces concentra- 
tions of several lipid parameters in the rat (1) and is 
currently in clinical trial for treatment of patients with 
hypercholesterolemia and/or hypertriglyceridemia (2-6). 
The new agent also has been shown to have hypouricemic 
activity in man ( 2 ) .  Halofenate is completely metabo- 
lized in man by hydrolysis to the halofenate free acid, 
which is extensively bound to  plasma proteins (7). 


0 


Q,, 
halofenate  halofenate  free a c i d  


1 2-Acetamidoethyl (p-chlorophenyl)(m-trifluoromethy1phenoxy)ace- 
tate. 


The pharmacological activity of many drugs is altered 
by coadministration of drugs that compete for binding 
sites on plasma proteins and inhibit or induce drug 
metabolism or excretion (8). We have studied two as- 
pects of possible drug interactions with halofenate, 
namely, its effects on the binding of other drugs to  
plasma proteins and its effects on the plasma half-life of 
antipyrine in rhesus monkeys. The latter technique was 
recommended as a means to  detect induction of drug 
metabolism (9); for this reason the present report also 
includes studies with clofibrate and phenobarbital. 


EXPERIMENTAL 


Materials-The following drugs were used in the study: aspirin- 
14C (carboxyl)e, 10.4 gc./mg. ; sa l i cy l i~ -7 -~~C acid2, 34.8 pc./mg.; 
d i g i t ~ x i n - ~ H  (generally labeled)?, 5.8 mc./mg.; dicumarol-14C 
(methylene)Z, 83 gc./mg.; warfarin- lac3, 23 pc./mg. ; and tolbut- 
a ~ n i d e - ~ ~ S ~ ,  21 pc./mg. Chlorothiazide-3H (12 gc./mg.), indomethacin 
(8.4 pc./mg.), and phenylbuta~one-~H (36 pc./mg.) were synthesized‘. 
All compounds were found to be radiochemically pure by paper or 
thin-layer chromatography. 


Binding-Fresh blood from human donors was citrated on collec- 
tion and centrifuged, and the plasma was separated. Solutions of the 
various drugs were prepared as follows: indomethacin in 0.1 M 
phosphate buffer, pH 8.0; halofenate free acid, salicylic acid, chloro- 
thiazide, warfarin, dicumarol, and phenylbutazone in 0.01 N 
NaOH; aspirin in water; digitoxin in ethanol; and tolbutamide in 
5 %  aqueous K2C03. All drugs were added in the smallest possible 
volume to 70 ml. of plasma, the pH of which was not affected by 
addition of the drug. 


Binding was measured by ultrafiltration as described by Borga 
et al. (10). Six samples were prepared for each concentration used. 
After final centrifugation, 0.2 ml. of the ultrafiltrate and 1 ml. of the 
plasma inside the dialysis tubing were pipeted directly into poly- 
ethylene counting vials containing 20 ml. of counting medium. The 
counting medium consisted of 7 g. diphenyloxazole, 0.23 g. of 1,4- 


2 New England Nuclear Corp. 
3 Amersham-Searle. 
4 By Dr. Mertel, Dr. Ellsworth, and Dr. Meriwether of the Merck 


Sharp & Dohme Research Laboratories. 
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RESEARCH ARTICLES 


Toxicity Profile of Epichlorohydrin 


W. H. LAWRENCE, M. MALIK, J. E. TURNER, and J. AUTIAN' 


Abstract 0 A series of tests was conducted to obtain a profile of the 
toxicity of epichlorohydrin since this compound finds a number of 
industrial applications, including synthesis of some epoxy resins 
which may be formulated into certain biomedical materials. These 
included acute toxicity by the oral, intraperitoneal, dermal, and in- 
halation routes; toxicity to mouse fibroblast cells in culture; and 
hemolytic activity against rabbit blood. Irritancy activity was deter- 
mined in rabbits by the intradermal, topical (dermal), ophthalmic, 
and muscle implant methods. Cardiovascular activity of the corn- 
pound was investigated in rabbits. Alteration of pentobarbital 
sleeping time in mice was determined following administration by 
inhalation and intraperitoneal injection. Cumulative and subacute 
toxicity studies in rats were also conducted. In general, the com- 
pound proved to be quite toxic and very irritating in the systems 
employed. 


Keyphrases 0 Epichlorohydrin-toxicity profile 0 Toxicity profile 
-epichlorohydrin Packaging materials-toxicity profile of epi- 
chlorohydrin 


Epichlorohydrin, or I-chloro-2,3-epoxypropane, is a 
colorless liquid at  room temperature. It has limited 
aqueous solubility but is infinitely miscible with alcohol 
or ether. It has a molecular weight of 92.53, a density 
of 1.1801 g./ml. (at 20°), a melting point of -48", 
and a boiling point of 116.5 O (1). Epichlorohydrin finds 
many industrial applications, including its use as a 
starting material for a number of epoxy resins which 
may be used as medical and dental biomaterials. 


Hine and Rowe (2) reviewed some of the toxico- 
logical properties of this compound. They indicated 
that its mode of toxic action is that of CNS depression 
and irritation to the respiratory tract. Cause of death 
in acute experiments is generally attributed to  depres- 
sion of the respiratory center, whereas chronic toxicity 
may be the result of a nephrotoxic effect of epichloro- 
hydrin. The threshold limit value for epichlorohydrin 
was listed as 5 p.p.m. (19 mg./m. 9 in 1970 (3); however, 
Formin (4) recommended only 0.2 mg./m.3 as the 
average daily permissible concentration in atmospheric 
air. Most of the recent toxicological data relating to  
industrial hygiene of epichlorohydrin is being pub- 
lished by Russian investigators. 


Chronic inhalation of 20 mg./m. of epichlorohydrin 
produced a loss of weight in white mice, an increase in 
the latent time of the motor-defense reaction, an in- 
crease i n  the content of nucleic acids in blood, an in- 
crease in the quantity of coproporphyrin in the urine, 
and morphological changes i n  the lungs, heart, kidneys, 
and the CNS (4). Concentrations of 2 mg./m.3 under 
the same conditions affected certain physiological re- 
actions and increased the number of leukocytes (4). 


Gusev and Minaev (5) presented confirmatory data that 
20 mg./mS3 in the atmosphere tends to  inhibit reflex 
reactions in laboratory animals. Pallade et al. (6)  found 
evidence of renal insufficiency in about 80% of rats 
within 24-48 hr. after administering 125 mg./kg. of 
epichlorohydrin. Hahn (7) produced reversible infertil- 
ity in male rats by the oral administration of 15 mg./kg. 
of epichlorohydrin. The males became infertile within 
1 week of treatment, and the effect was reversible about 
a week after discontinuance of treatment. 


Bulycheva et al. (8) pointed out that epichlorohydrin, 
along with other potential toxicants, may be evolved in 
curing various epoxy resins. Thus, they suggested that 
the concentration of these volatile toxicants (including 
epichlorohydrin) in the building be monitored and 
controlled when using polyethylene-polyamide as the 
curing agent for epoxy resins. 


MATERIALS AND METHODS 


The epichlorohydrin used in these experiments was obtained as 
l-chloro-2,3-epoxypropane~. Due to its limited solubility in 
water, cottonseed oil was employed as the solvent whenever 
dilutions were required and was also employed as the negative 
control. Since procedures employed in this study were described 
in detail in previous publications (9-1 I) ,  only a brief outline will be 
presented here. 


Acute Toxicity-Oral and intraperitoneal LDa values were deter- 
mined by administering graded doses of the compound to groups of 
animals and observing the animals for mortalities during the next 7 
days. The LDbo was calculated by Cornfield and Mantel's (12) 
modification of Karber's method. Dermal toxicity was determined 
by applying measured quantities of the compound to a Webril 
patch, applying the patch to the shaved rabbit's back with an 
occlusive bandage, and allowing it to remain in contact for 24 hr., 
after which the bandage was removed and the animals were ob- 
served an additional 6 days for deaths. Inhalation toxicity was 
determined by placing groups of mice in an 8.75-I., all-glass chamber 
and passing air, saturated with epichlorohydrin vapors (by bubbling 
the air through the liquid epichlorohydrin), into the chamber a t  
the rate of 2 I./min. The concentration of vapor was calculated from 
weight loss during the experiment divided by the quantity of air 
passed through the epichlorohydrin. Animals were exposed for 
specific periods of time and were observed 7 days for mortality; an 
LT,, in minutes (lethal time 50%) was calculated from these data 
using the same methodology as employed for LDao determinations. 


Tissue Culture-Mouse fibroblast cells (NCTC clone 929, Strain 
L, Earle) were employed in these tests. The agar-overlay method, 
as described by Guess et al. (13), was used in which 0.2 ml. of the 
specified concentration of epichlorohydrin in cottonseed oil was 
applied to  a paper disk, the disk was then placed firmly on the agar 
and incubated a t  37" for 24 hr. A cytotoxic response was recorded 
when a clear zone of lysed cells was observed surrounding the test 
sample. The protein assay method of Oyama and Eagle (14) was 


1 From Matheson, Coleman and Bell. 
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utilized in the evaluation of the concentration of epichlorohydrin in 
the nutrient medium required to inhibit 50% of cell growth (IDfio) 
as described in a previous publication by Lawrence et al. (9). 


Hemolysis-The hemolytic activity of epichlorohydrin was eval- 
uated by determining the quantity of hemoglobin released by various 
concentrations of epichlorohydrin in saline when 0.2 ml. of oxalated, 
whole rabbit blood was added to 10 ml. of epichlorohydrin-saline 
solution as described previously by Lawrence et a[. (11). Normal 
saline was employed as a negative control (0 % hemolysis), and 1 % 
sodium carbonate in salinewas thepositivecontrol(lO0Z hemolysis). 
Extracellular hemoglobin was determined spectrophotometrically 
and expressed as percent hemolysis produced by each concentration 
of epichlorohydrin. The results were graphed, and the concen- 
tration of epichlorohydrin producing 50% hemolysis (H5o) was 
determined from the curve. 


Irritant Tests-lntradermal irritation was determined by inject- 
ing 0.2 ml. of the test solution intradermally on the shaved backs of 
albino, New Zealand rabbits, followed 15 min. later by an intra- 
venous injection of 1 ml./kg. of a 1 % trypan blue solution to visual- 
ize better the irritant response. All test sites wereevaluated a t  specific 
time intervals up to 60 min. and evaluated on a 0-3+ scale. The 
positive control (3+)  was 20% ethanol in saline, and the negative 
control (0) was the diluent, cottonseed oil. Dermal irritation in- 
volved the application of 0.2 ml. of the test solution to a small 
Webril patch [1.27 cm. (0.5 in.) square], which was placed on the 
shaved backs of rabbits and covered with an occlusive bandage for 24 
hr. An 8 7; (w/v) aqueous solution of sodium lauryl sulfate was used 
as the positive control, and cottonseed oil was used as the negative 
control. After removal of the bandage, all sites were evaluated for 
an irritant response on a 0-3+ scale. For ophthalmic irritation, 
0.1 ml. of the test solution was instilled into the superior temporal 
quadrant of the rabbit’s right eye, with the left eye serving as the 
untreated control. The eyes were examined every 30 min. for 3 hr. 
and scored for the degree of irritation, using the following scale: 


0 = no irritation, comparable to control eye 
f = doubtful irritation 


cant edema 
1 + = definite conjunctiva and palpebral irritation with signifi- 


2+ = iritis and palpebral irritation with significant edema 
3+ = corneal damage 


The irritant and/or cytotoxic effect of epichlorohydrin to rabbit 
muscle was determined by placing implant samples of a polyvinyl 
chloride material, previously determined to be nonreactive 
by this test, in epichlorohydrin and allowing them to remain for 
24 hr. At the time of implantation, each sample was removed, 
blotted lightly to remove the excess liquid, and implanted into the 
rabbit muscle (15). Seven days later the rabbit was sacrificed and 
the implant sites were examined grossly and histologically for 
tissue reaction. The nonreactive polyvinyl chloride was used as a 
negative control, while another polyvinyl chloride sample, known 
to produce a positive reaction by this test, was used as the positive 
control. 


Sleeping-Time Test-Groups of 10 male, ICR mice, weighing 20 
f 5 g., were treated with one-tenth, one-fifth, or one-half of the 
acute intraperitoneal LDbo or LTso of epichlorohydrin. Twenty- 
four hours after the last pretreatment, 50 mg./kg i.p. of 
sodium pentobarbital was administered to each mouse and the 
mouse was observed for time of loss and return of righting reflex. 
Control mice were placed in the inhalation chamber for an equiv- 
alent period of time each day but received only air, while another 
group received intraperitoneal injections of saline as pretreatment. 


Sensitization Test-The “guinea pig maximization” test of Mag- 
nusson and Kligman (16) was employed to evaluate the sensitizing 
potential of epichlorohydrin. A group of five Hartley strain guinea 
pigs was employed in this test. 


Cardiovascular Effects-Healthy New Zealand rabbits, weighing 
approximately 2 kg., were anesthetized with an injection 
of 500 mg./kg. i.p. of urethan (ethyl carbamate) followed about 15 
min. later with 30-50 mg./kg. i.v. of sodium pentobarbital. The left 
femoral artery was surgically isolated, cannulated, and connected 
via a polyethylene tube to a pressure transducer2 for the continuous 
recording of arterial pressure with a polygraph3. 


2 Statham P23Dc. 
3 Grass model 7. 


Cumulative Toxicity-Groups of 12 male Sprague-Dawley rats 
were employed in which one group received injections of 0.01910 
ml./kg. i.p. of cottonseed oil and two groups received 
epichlorohydrin, 0.00955 and 0.01910 ml./kg., representing 0.1 
and 0.2 of the acute LDso dose, respectively. Injections were given 
daily for 30 consecutive days. At the end of 30 days, clotting time 
was measured by the capillary tube method; platelet counts were 
obtained by determining, in duplicate, the ratio of platelets to 
erythrocytes in the differential slide and by using the erythrocyte 
count for the particular rat, converting this to number of platelets 
per cubic millimeter of blood. The other hematologic parameters 
were obtained by standard clinical procedures. The rate of 
disappearance of sodium sulfobromophthalein from the 
plasma was determined using six rats from each group. Plasma 
concentrations were determined by the method of Gaebler (17) 15, 
30, and 45 min. after intravenous injection of 75 mg./kg. of sodium 
sulfobromophthalein. At autopsy, the rat was weighed, the organs 
(adrenals. brain, gonads, heart, kidneys, liver, lungs, and spleen) 
were removed and weighed, and the results were expressed as per- 
cent of body weight. Organs were preserved in 10% buffered for- 
malin, sectioned, and stained with hematoxylin and eosin for histo- 
logic evaluation. 


Subacute Toxicity-Four groups of male Sprague-Dawley rats 
were used in this test. One group received 0.04774 ml./kg. of cotton- 
seed oil (control group), while the others received 0.0095, 0.0190, 
and 0.04774 ml./kg. of epichlorohydrin, respectively, by intraperi- 
toneal injection 3 days per week (Monday, Wednesday, and Friday) 
for 12 weeks. The three dose levels of epichlorohydrin utilized repre- 
sent 0.1, 0.2, and 0.5, respectively, of the acute LDAo in each injec- 
tion. Platelet concentrations were determined by a clinical method of 
counting the number of platelets contained in 10 oil immersion fields 
of the differential slide. Evaluation of the various other criteria fol- 
lowed the same methodology as outlined in the preceding section 
(Cumulative Toxicity). 


RESULTS AND DISCUSSION 


Acute Toxicity-Acute LDso determinations indicate the com- 
pound to be rather toxic by all routes of administration in the species 
of animals tested. When administered by intraperitoneal injection, 
the LDso ranged from about 0.10 to 0.14 ml./kg. for mice, rats, 
guinea pigs, and rabbits. Oral (intragastric) administration to mice 
and rats gave rather consistent values of 0.20 and 0.22 ml./kg. 
Dermal (topical) application to rabbits produced an LDGo of 
0.64 ml./kg., but the 95% confidence limits overlapped values for 
the oral and intraperitoneal routes. Inhalation of epichlorohydrin 
vapors by mice produced an LT50 of 9.13 min., at  which time the 
chamber should have reached about 88% equilibrium with the 
incoming air-vapor mixture (18). Under the conditions of these 
experiments (room temperature of 23 O and barometric pressure 
of 30.1 8), the air-vapor mixture contained 71 3 9  mg. epichloro- 
hydrin/l. Inhalation toxicity tests conducted on 3 separate days 
under these conditions gave good reproducibility for the vapor con- 
centration, with the maximum deviation from the above value 
being 1.26 mg./l. or 1.75 %. 


Tissue culture tests, using the agar-overlay method and a series 
of dilutions of epichlorohydrin, indicated that concentrarions of 
0.001215% (v/v) or greater of epichlorohydrin were cytotoxic lo 
the cells while concentrations of 0.000486% or less were noncyto- 
toxic. Assessment of epichlorohydrin toxicity by the protein assay 
method of tissue culture revealed that a concentration of 1.6 X 
10-5 M in the medium would inhibit protein synthesis by 50% 
(IDbo). Tests for hemolysis of rabbit blood indicated the beginning 
of hemolysis at about 0.01 M epichlorohydrin in saline, with 0.0375 
M producing 50% hemolysis (Hjo)‘. 


A summary of these data is presented in Table I .  
Irritant Tests-Epichlorohydrin demonstrated considerable irri- 


tant activity by all of the tests employed. The undiluted material 
produced irritation equal to, or greater than, the positive control 
(3+) when tested intradermally, dermally, or ophthalmically in the 
rabbit. The irritant range of concentrations (i.e., 0-3+) for epi- 
chlorohydrin dissolved in cottonseed oil was determined for each of 
these tests (Table 11). One can note from Table I1 that the relative 


4 Tissue culture and hemolysis data from Cellular Toxicology Section, 
courtesy of Dr. .E. 0. Dillingham. 
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Table I-Acute Toxicity of Epichlorohydrin 


LDma, 95 % Confidence 
Test Animal ml./kg. Limits, ml./kg. 


Intraperitoneal Administration 
Mice, male, ICR 0.1439 0.1297-O. 1597 
Rats, male, Sprague- 0.0955 0.0802-O. 11 36 


Dawley 
Guinea pigs, male, 


Hartley, albino 
Rabbits, male, New 


Zealand, albino 


0.1000 


0.1356 


0.0250-0.4000 


0.0709-0.2595 


Intragastric Administration 
Mice, male, ICR 0.2000 0.161 5-0.2476 
Rats, male, Sprague- 0.2203 0.1242-O.39O8 


Dawley 
Dermal (Topical) Application 


Rabbits, male, New 0.6389 0.3254-1.2232 
Zealand, albino 


Inhalation 


Tissue Culture, L-Cells 
Mice, male, ICR 9.136 8.49-9.81 min. 


Agar overlay (cytotoxic/ 0.001215%/0.O00486~ (v/v) 
noncytotoxic) 


Protein assay, IDSo 1 . 6  x 10-5 M 
Hemolysis of Rabbit Blood 


50% Hemolysis (HZ0) = 0.0375 M 


Q All values are expressed in terms of undiluted epichlorohydrin. 
b LTSO (lethal time 50%) in minutes at a vapor concentration of 71.89 
mg./l.; airflow = 2 IJmin.; chamber volume = 8.75 1. 


sensitivity, from most sensitive to least, of these irritant tests, as indi- 
cated by the lowest concentration required to produce a specified de- 
gree of relative irritation, is in the order of intradermal, dermal, and 
ophthalmic. 


The liquid compound was tested for its compatibility (irritant or 
cytotoxic effect) with rabbit muscle. As indicated in Table 11, the 
treated samples produced a necrotic response surrounding the 
implant which, by both gross and histologic examination, was 
equivalent to, or greater than, the positive control. Untreated 
implants of the same polyvinyl chloride sample, as previously 
indicated, did not exhibit this type of response. 


Pentobarbital Sleeping-Time Test-The effect of epichlorohydrin 
upon liver function was investigated by determining what, if any, 
effect sublethal doses of the compound would have upon hepatic 
function as reflected by altering the duration of sleep of mice to a 


Table 11-Irritation Tests : Epichlorohydrin 


Test in Rabbits Responsea 


Intradermal 
(0.2 ml./site) 


3+ = 0 . 5 Z b  
2+ = 0.125% 
I +  = 0.03107, 
& = 0.008% 
0 = 0.002% 


Dermal (0.2 ml./site) Dermal (0.2 ml./site) 3+ = 5.0% 
2+ = 2 . 5 %  
1+ = L 2 5 Z  
f- = 0.625% 
0 = 0.3125% 


3+ = 5.0% 
2+ = 2 . 5 %  
1+ = L 2 5 Z  
f- = 0.625% 
0 = 0.3125% 


Ophthalmic 
(0.1 ml./eye) 


3+ = 80% 
2+ = 40% 
I +  = 2 0 z  
rt = 10% 
0 5  5% 


Gross = 3+ 
Histopathology = 4 


(marked toxicity) 


7-Day muscle implantc 


a Gross responses graded on a 0-3+ scale; histopathologic response 
graded on a 0-4 scale. * All in cottonseed oil. A nonreactive polyvinyl 
chloride material was placed in epichlorohydrin for 24 hr. prior to im- 
plantation. 


INTRAPERITONEAL INJECTION 


lZo r 
r' 100 - .- 


CONTROL 1/10 1/5 1/2 
(SALINE) 


EPICHLOROHYDRIN (FRACTION OF ACUTE LDso) 


INHALATION 
T 


6 100 - .- 
E 


CONTROL 1/10 1/5 1/2 
(SALINE) ,- - - I  


EPICHLOROHYDRIN (FRACTION OF ACUTE LTso) 


Figure 1-Effect of epicliloroliydr in pretrecitnieirt upon penrobarbital 
sleeping rime iii inice (meoii i SE). 


standard dose of sodium pentobarbital. A dose-related increase in 
sleeping time was observed with both intraperitoneal injection and 
inhalation of epichlorohydrin (Fig. 1). From inhalation, these in- 
creases were significantly greater than the controls at  the 99% level 
( p  = 0.01) for pretreatment with one-fifth and one-half the LTso of 
epichlorohydr in; intraperitoneal administration of epichlorohydrin 
revealed no significant direrences at the 99% level ( p  = 0.01), but 
the increased sleeping time for the high dose group was significant 
at the 95 % level ( p  = 0.05). 


Sensitization Test-Epichlorohydrin was tested for sensitization 
potential by the guinea pig maximization test. Due to the inherent 
irritant and lethal action of the compound, it was necessary to em- 
ploy a rather dilute solution of the material, f . ~ . ,  0.01 in cottonseed 
oil. With this concentration, no evidence of a sensitivity reaction was 
seen in any of the five guinea pigs tested. 


Cardiovascular Effects-In acute experiments of a qualitative na- 
ture, using anesthetized rabbits, a dose-related deterioration of car- 


Table 111-Cumulative Toxicity of Epichlorohydrin: Body Weight 
Gain in Grams (Mean f SE) 


~ ~ ~~ 


Cottonseed 0.00955 0.01910 
Days Oil Controls ml./kg. ml./kg. 


5 28.17 + 1.96 36.25 =!= 5.73 26.00 f 1.54 
10 66 00 z!= 2 44 71 92 + 6 15 63 67 I 2  68 
15 111 25 f 3 39 105 25 + 7 24 91 33 + 4 330 
20 145 67 + 3 75 123 4 2 k  4 83" 131 58 f 2 87a 
25 157.25 f 4.38 145.67 i 6.44 153.92+ 7.33 
30 183.33 rt 5.59 167.67 f 7.27 158.50 f 6.826 


a Significantly different from controls at 99 Z levcl ( p  = 0.01) by Stu- 
lcvel ( p  = 0.05) dent's t test. b Significantly different from controls at 95 


by Student's t test. 
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Table 1V-Cumulative Toxicity of Epichlorohydrin: Sodium 
Sulfobromophthalein Liver Function Test in Ratsa (Mean f SE)  


Table M-Cumulative Toxicity of Epichlorohydrin: Percent Organ 
to Body Weight of Rats (Mean f S E )  


Dose Level of Epichlorohydrin -- Pretreatment--- 
After, Cottonseed 0.00955 0.01910 
min. Oil Controls ml./kg. ml./kg. 


Sodium Sulfobromophthalein Concentration (mg. %) in Plasma 
15 22.14 =k 0.36 25.15 f 1.25 19.06 f 2.12 
30 5.89 i 1.10 9.47 f 1.69 5.67 f 1.52 
45 2.76 i 0.54 5.54 f 3.26 2.06 =k 0.50 


Percentage of Sodium Sulfobromophthalein Eliminated 
Between, min. 


15-30 74.30 i 4.83 63.51 f 4.84 72.12 f 5.28 
30--45 48.20 i 9.40 44.81 f 7.06 57.38 f 8.18 


-Epichlorohydrin--. 
Cottonseed 0,00955 0.01910 


Organs Oil Controls ml./kg. ml./kg. 


Adrenals 0.014 i 0.001 0.014 f 0.001 0.013 i 0.002 ~ ~~ ~~~.~ ~ 


Brain 0.475 i 0.017 0.567 i 0.041 0.543 It 0.033 
Gonads 0.975 f 0.037 0.995 i 0.051 0.971 i 0.037 
Heart 0.273 f 0.006 0.309 f 0.022 0.378 f 0.078 
Kidnevs 0.654 =t 0.023 0.750 f 0.025& 0.786 i 0.0350 
Liver 3.960 f 0.140 4.150 f 0.230 3.916 f 0.056 
Lungs 0.381 f 0.027 0.409 i 0.028 0.407 i 0.015 
Spleen 0.236 f 0.010 0.266 i 0.017 0.253 i 0.012 


Significantly different from controls at 95 % level ( p  = 0.05) by Stu- 
dent’s r test. 


~ ~~~~ 


Test was performed at the conclusion of the 30-day cumulative tox- 
icity study. All rats received 75 mg./kg. of sodium sulfobromophthalein 
intravenously. Values are from six rats per group. 


diovascular function was observed. Doses of 0.02 ml./kg. produced 
a slight decrease in systolic and diastolic pressure which tended to 
stabilize after about 20 min.; doses of 0.2 ml./kg. produced a decline 
in both systolic and diastolic pressure with a reduction in pulse pres- 
sure which terminated in death of the animal in about 30 min. 
Doses of 1.0 ml./kg. resulted in a pattern of response similar to that 
for 0.2 ml./kg. but much more abrupt in nature, with death ensuing 
in about 5 min. With these higher doses, cardiac rate was reduced 
but blood pressure fell to undetectable levels before cardiac func- 
tion ceased, thus suggesting that cardiac failure was not the primary 
cause of cardiovascular collapse. 


Cumulative Toxicity-No deaths occurred in either the treated 
animals or the cottonseed oil controls during the 30 consecutive 
daily injections. Weight gain was generally less in the treated animals 
than controls, with these differences being significant ( p  50.05) a t  
20 days for the low dose group and at  15, 20, and 30 days for the 
high dose group. Table I11 shows the mean weight gains and stan- 
dard errors for each group at  5-day intervals. 


A sodium sulfobromophthalein disappearance test was con- 
ducted at the conclusion of the 30-day treatment t o  see if the com- 
pound had produced detectable alteration of hepatic function. 
These data are presented in Table IV. Since none of the values was 
significantly different from the controls ( p  = 0.05), impairment of 
hepatic function was not detected by the rate of sodium sulfo- 
bromophthalein disappearance from plasma. 


Hematologic and organ to body weight ratio data showed few 
statistically significant differences ( p  50.05). Hemoglobin showed a 
significant increase at  the low dose but a significant decrease at  
the high dose. Neutrophilic metamyelocytes (metas) were the same 
for the low dose and controls but showed a significant increase in 
the high dose group. Lymphocytes showed a dose-related decrease 
in frequency. but the values were not statistically significant. A 
slight dose-related increase was observed in clotting time but was not 
significant. The heart to body weight ratio presented a dose-related, 


but nonsignificant, increase. The ratio cif kidneys to body weight 
showed a dose-related increase, in which both epichlorohydrin- 
treated groups were significantly ( p  = 0.05) greater than controls. 
Hematologic data are presented in Table V, and data for organ to 
body weight ratios are presented in Table VI. 


Histological examination of organs from these animals did not 
reveal any significant changes except for the lungs. Animals from 
all groups showed some lesions of the lungs including bronchitis, 
peribronchitis, interstitial pneumonia, bronchopneumonia, and 
emphysema. However, the incidence and severity of these changes 
were somewhat greater in the epichlorohydrin-treated animals 
than in the controls. 


Subacute Study-Food consumption, as measured during the 
lst, 7th, and 12th weeks, indicated that the two higher dose groups 
consumed less food per body weight of animal; however, this was 
significant ( p  = 0.05) only for the high dose group during the 1st 
week and for the middle dose group durin: the 12th week (Table 
VII). 


Weight gains for the low and middle dose groups were generally 
equal to, or greater than, the means of the controls, but few of these 
differences were statistically significant. Throughout the major 
portion of the study, the high dose group demonstrated a signifi- 
cantly ( p  = 0.01) reduced weight gain when compared to the con- 
trols. At the end of the 12-week study, however, there were no 
statistically significant differences ( p  = 0.05) in mean weight gains 
for the groups, although the low dose group had gained the most, 
followed in order by the middle dose group, cottonseed oil con- 
trols, and high dose group (Table VllI). 


Hematologic studies conducted at the end of the 12th week 
showed a dose-related, statistically significant ( p  5 0.05) reduction 
in hemoglobin. All treated groups showed lower hematocrit values 
and erythrocyte counts, but this finding was significant ( p  5 0.05) 
only for the hematocrit value of the middle dose group. When 
the mean corpuscular volume is calculated (19). for each ani- 
mal, variations of 3 G 4 0 z  may be seen between animals within 
the same group; however, the mean values for the groups are 
quite comparable. Only the low dose group differed from the 


Table V-Cumulative Toxicity of Epichlorohydrin : Hematologic Values (Mean 3= SE)  


Item 
Cottonseed 


Oil Controls 
Epichloroh ydrin - 


0.00955 rnl./kg. 0.01910 ml./kg. 


Hemoglobin, g./l00 ml. 
Hematocrit, 
Red blood ~ells/rnm.~, X lo6 
Total white blood ~e l l s /mm.~ ,  X 1 
Platelet~/mm.~, X 106 
Clotting time, sec. 
Differential white cell count, 


Segs 
Lymphs 
Monocytes 
Eosinophils 
Basophils 
Meta 
Juvenile 
Bands 


103 


16.300 f 0.177 
51 .OOO f 0.577 
7.012 f 0.511 
9.292 f 1.362 
1.263 f 0.148 
1.215 i 0.095 


13.833 i 1.986 
82.333 f 1.453 


1.333 f 0.357 
0.583 A 0.327 
0 . j 5  0.353 
0.083 i 0.083 
0.167 f 0.105 
1.667 & 0.587 


17.183 f 0.254a 
48.167 i 1.493 


7.545 & 0.965 
14.262 i 2.652 
1.402 f 0.218 
1.272 i 0.056 


23.750 f 5.773 
71.083 f 6.463 


1.167 i 0.307 
1 .000 i 0.516 
0.833 f 0.401 
0.083 + 0.083 
o.oO0 A 0.000 
2.167 It 1.202 


14.633 It 0 .  530D 
48.667 f 1.054 


6.946 f 0.467 
12.517 ;t 1.913 
1.028 & 0.090 
1.385 f 0.057 


17.667 f 2.522 
65.667 =t 12.240 


1.833 =t 0.422 
0.167 f 0.105 
0 333 i 0 167 
0 750 i 0 214* 
0 500 f 0 224 
1 833 i 0 667 


‘L Significantly different from controls at 95 Z level ( p  = 0.05) by Student’s f test. 
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Table VII -Subacute Toxicity of Epichlorohydrin: Food Consumption in Rats  (Grams of Food Consumed/Kilograrn of Rat124-hr. Day) 
(Mean f SE) 


Week 
Cottonseed 


Oil Controls 
-.- ___- Epichlorohydrin--- - . 


0.0095 ml./kg. 0.0190 ml./kg. 0.04774 ml./kg. 


1 S t  161.68 j= 2.13 160.98 .+ 4.97  151.33 f 5.13 87.07 f 10.28a 
7th 90.54 t 1.26  87.09 f 1 .50 87.81 f 4.06 86.03 f 3.55 
12th 58 49 f 3.08 77.49 =t 2.715 45.17 f 1 . 7 9  50.99 f 1 I .50 


a Significantly different from controls at 99 "/, levcl ( p  = 0.01) by Student's t test. 0 Significantly different from controls at 95 level ( p  = 0.05) by Stu- 
dents' r test. 


Table WII-Subacute Toxicity of Epichlorohydrin: Body Weight Gain  in Grams (Mean f S E )  


Cottonseed 
Week Oil Control 


I .-  -_ -Epichloroliydrin- - - 
0 0095 ml./kg. 0.0190 ml./kg. 0.04774 ml./kg. 


38.58 31 4.50  4 1 . 4 2 ~ k  2 .40  
94.42-1- 3 .0Y 8 6 . 5 0 +  5 .14  


119.83 f 3.72b 111.83 =t 6.79  


1 
2 


46.58 f 2.88 
76.50 f 6.15 


105.33 f 5.86 
55.09 f 10 23 
97.00 f 9.27 3 


4 186.17 f 5.74 1 9 3 . 4 2 f  4 74 175.58 + 11.02 128 30 f 11 54" 
228 08 f 6.80 203.50 f 10.73 172 00f 11 37b 
254 3 3  + 1 1  07 242 7 5 *  1 1  44 195 60& 10 2 9  


5 
6 
7 


214.25 f 8.14 
254 83 =t 6 .52  
279.25 + 7.16 
296.17 + 7.10  


. ~ ~ 


267.08 f 9.11 261 . 2 5  + 12.27 218.50 =t 11 . I @  
289.92 =k 5.98 276.00 =t 11.47 246.80 f 12.16" 
330.75 i 9 .59  315.67 f 21 .92 266.60 f 13.19" 


8 
9 333.50 t 9 .72  


345.50 f 13.49 10 
11 


293.50 f 1 4 . 1 9  359.83 f 9.64  334.00 + 13.81 
286.70 f 21 .9Ib 370.42 rt 10.82 371.17 + 12.05 


383.42 f 11.22 380.92 + 13.34 328.33 f 18 19 
356 67 & 14 75 
358 92 t 13 27 12 


" Significantly different from controls a t  99 "/, level ( p  = 0.01) by Student's i test. b Significantly different from controls at 95 '?<level ( p  = 0.05) by Stu- 
dent's i tcst. 


Table IX -Subacute Toxcity of Epichlorohydrin: Hematologic Values in Rats (Mean f S E )  


Epichlorohydrin - - -7 


0.0190 ml./kg. 0.04774 ml.:kg. 
_ _  --. . . - - -_ __ . Cottonseed 


Oil Controls 0.0095 ml./kg. 


16.533 f 0.152 15.517 + 0.352a 


7.593 f 0.362 6.563 & 0.338 
12.333 t 1.663 9.375 & 0.554 


48.500 f 0.671 46.833 =t 0.972 


Item 


Hemoglobin, g./IOO ml. 
Hematocrit. ?< 
Red blood cells/mm.3, X lo6 
Total  white blood cells/mrn.3. X lo3 
Differential white cell count, 


Segs 
Lymphs 
Monccytes 
Eosinophils 
Basophils 
Meta 
Juvenile 
Bands 


15.208 -I-. 0.412" 11.795 f 0.557b 
45.000 + 1 .I550 43.850 f 2.241 


6.878 rt 0.268 6.938 + 0.751 
12.600 rt 1 325 16 842 t 1.780 


19 667 A- 4 672 22.333 f 2 068b 8.583 f 1.890 


1 .OOO =t 0.289 


12.500 f 2.536 
86.417 t 1.786 85.583 & 2.115 


0.500 f 0.183 


~~~ 


72.333 t 5.475. 72.500 =t 2.4366 
1 .OW f 0.258 
1.417 f 0.597 
0.333 f 0.167 


0.750 3Z 0.382 
1.750 f 0.33Y 
0.083 f 0.083 


0.667 =t= 0.105 1 917 f 0.436. 
0.083 i 0.083 
0 333 f 0.105 
0.417 S 0 239 
2 833 + 0.279 


0.250 =+ 0.250 
0.417 f 0.201 
0 . m  rt 0 . 0 0  
0.417 f 0 . 2 3 9  


0.833 f 0.380 
0.333 f 0.167 
4.000 f 0.967 


0.083 f 0.083 
0,000 3Z 0 OOO 
2.833 f 0.715 


Significantly diffcrent from controls at 95 :< levcl ( p  -7 0.05) by Student's i test. 0 Significantly different from controls at 99 level ( p  = 0.01) by 
Student's t test. 


Table X-Subacute Toxicity of Epichlorohydrin: Percent Organ t o  Body Weight of Rats" (Mean f S E )  
~~ 


Organs 


~~ ~ - - ___ - - Epichlorohydrin -- - - ---. Cottonseed 
Oil Controls 0 0095 ml./kg. 0.0190 ml./kg. 0,04774 ml./kg. 


0.023 f 0.013 0.011 * 0.001 0.010 f 0.001 0 .013  f 0.002 
0.444 t 0.018 0.426 =t 0.012 0.439 rl: 0.029 0 .324  f 0.027b 
0.785 & 0.028 
0.291 f 0.011 0 .302  + 0.018 0.306 =k 0.070 0.402 & 0.029' 
0.670 f 0.034 0 .636  f 0.032 0.728 f- 0.049 0.917 + 0.054O 
2.983 t 0.219 3.232 .+ 0.157 3.276 f 0.186 4.070 + 0 .  276d 
0.174 I 0.012 0.  I94 =k 0.010 0.208 f 0.031 0.225 f 0.021 


0.707 S 0.034 0.866 Z+Z 0.054 -c 


Adrenals 
Brain 
Gonads 
Heart 
Kidneys 
Liver 
Spleen 


~~~ ~ 


"Calcihted as:  (organ wcight, g./body weight, g,) X 100 - percent organ to body weight. * Significantly ditferent from controls a t  99 'Z level ( P  = 
Goiiadul weights were not determined i n  this group. d Significantly different from controls a t  95 % level ( p  = 0.05) by 0.01) by Stiidcnt's I test. 


Student's i test. 


controls, and thi< was o n  the order of 12"s: higher. The mean 
corpuccular volumes obtained for the group$ were 64.40 for the 
controls and 72.29. 65.72. and 65.57 for the 0.0095-, 0.0190-. and 
0.0477-ml./kg. d o x  level.; of epichlorohydrin. respectively. Screen- 
ing for an effect upon platelets was done by a clinical method of 
counting the number of platelets contained in 10 oil immersion 
tieldh of the differential slide: thus, this test must be considered as  


qualitative or, a t  best, semiquantitative. The magnitude in dif- 
ferences suggests an increased number of platelets from epichloro- 
hydrin treatment. There were 288 platelets/l0 oil immersion fields 
for the high dose of epichlorohydrin compared to 185 for the cotton- 
seed oil-treated controls. 


Total leukocyte counts showed the low dose group to tx lower 
than the contrcls, the middle dose group equal to the controls. and 
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the high dose group greater than the controls, but none of these 
differences was significant The differential count revealed a dose- 
related increase in percentage of segmented neutrophils (segs), but 
this difference was significant only for the high dose group. There 
was a significant reduction in percentage of lymphocytes for the 
two highest doses The percentage of eosinophils was increased in 
all treated groups, with the differences being significant for the low 
and high dose groups Other differential values did not show a 
dose-related trend and were not statistically significant (except 
that the low dose showed a significant reduction in bands but was 
not consistent with a dose-related response). These data are in- 
cluded in Table IX. 


An examination of organ to body weight ratios did not reveal any 
to be significant ( p  5 0.05) except in the high dose group, in which 
the ratio was less than for the controls for the brain but greater 
for the heart, kidneys, and liver. Although not all of the values 
were significant, there was an indication that the mean ratios for 
the heart, liver, and spleen increased with an increase in dose of 
epichlorohydrin. While the mean body weight of the high dose 
group at 12 weeks was 8.5% less than for the controls, the organ 
to body weight ratios for the heart, kidneys, liver, and spleen in 
the high dose group ranged from 29.1 to 38.1 % more than for the 
controls. On the other hand, the ratio for the brain of the high dose 
group was 27 less than for the controls. Thus, simple retardation 
in growth would not be expected to account for these differences 
(Table X). 
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Binding of CNS Active Drugs to the Peptide Bond: 
A Model System and Mode of Action Hypothesis 


P. R.  ANDREWS 


Abstract The effects of pentobarbital, bemegride, and trimetha- 
dione on the N M R  spectrum of formanilide show that when possi- 
ble the cis-isomer of the amide forms a doubly hydrogen-bonded 
complex with the drugs but the trans-isomer is favored for the for- 
mation of a single hydrogen bond. It is suggested that these CNS 
active drugs behave as molecular glues, linking together functional 
groups in protein molecules and thus opposing changes in protein 
conformation or association state. This hypothesis could account 
for the seemingly inconsistent structure-activity relationships of 
drugs with convulsant and anticonvulsant actions. 


Keyphrases 0 CNS drugs-hypothesis and model for binding to 
peptide bond Anticonvulsants--hydrogen binding to peptide 
bond, mode of action hypothesis Convulsants-hydrogen bind- 
ing to peptide bond, mode of action hypothesis 0 Hydrogen bond- 
ing-CNS drugs to peptide bond, hypothesis Structure-activity 
relationships--hypothesis for binding of CNS drugs to proteins 


N M R  spectroscopy--determination, hydrogen bonding of drugs 
to peptide bond 


Molecules of many structural types display anti- 
convulsant properties (l), but most drugs used clini- 
cally in epilepsy have similar structural features (2), 
which include two or more groups capable of forming 
hydrogen bonds. Molecular orbital calculations on 
24 drugs of the general structure I indicated that hydro- 


RL 


0 R t L o  I 
H 
I 


gen-bonding ability is similar for all such drugs (3). 
Cyclic hydrogen-bonded complexes have been ob- 


served between several barbiturates and a model com- 
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Sedimentation Kinetics of Flocculated Suspensions 111: 
Effect of {-Potential 


J. THURf3 CARSTENSEN', KENNETH P. STREMMING, and PAKDEE POTHISIRI 


Abstract 0 The sedimentation of flocculated suspensions in an 
intermediate concentration range was previously shown to consist 
of an initial region of pseudoparabolic nature and of a final 
region of biexponential character. The rate constant, k, of the 
initial region is shown here to be a function of both Stokes and 
aggregational forces, and a method is outlined showing the effect 
of both. The electrical potential effect on the sedimentation kinetics 
was studied by varying the (-potential; of the contraction rate 
constants, W ,  and w?, in the final region, the larger (ol) is fairly 
independent of the <-potential whereas the reciprocal of w2 is 
linearly related to the reciprocal of the (-potential. 


Keyphrases 0 Zeta-potentialbeffect on sedimentation kinetics of 
flocculated suspensions G Flocculated suspensions, sedimentation 
kinetics-effect of r-potential 0 Sedimentation kinetics --floccu- 
lated suspensions, effect of (-potential 


second phase is measured from this point on, i . e . ,  
7 = t - t , .  It has been shown (2) that the w1 found from 
the final sedimentation phase equals that for the initial 
phase. Equation 2 was derived theoretically considering 
frictional, gravitational, and electrical forces; the effects 
of the former two have been elucidated (2) but that of 
the latter have not. In the derivation leading to Eq. 2, 
the electrical forces were assumed to be of the larger 
magnitude the lower the sedimentation interface (i,e., 
the more closely the bed was packed). The repulsion 
term was assumed to  be @ = 8.[Ho - (x/2)],  i.e., the 
smaller x ,  the larger @. It was shown that wI is indepen- 
dent of 8: 


B 
M 


w1 = -- 


The sedimentation patterns of flocculated suspensions 
were the subiects of two previous publications (1, 2). 


but that w2 is proportional to 8 :  


In  the intermediate concentration range, the sedimenta- 
tion height versus time curve consists of two regions: the 


I - 
initial region is governed by floc-aggregate size and 
aggregation kinetics (I), and the final phase is dictated 


bed of the equilibrium floc--aggregate (2). The equations 


regions are: 


where is frictional force function, and M is  the 
of sediment, 


system, and the intent of this study is to elucidate the 


by the effect Of  physical fdCtOrS O n  the COntraCtiOn of the 


for the height ( x )  as a function Of time ('1 for the two 


The 0 can be varied by varying the of the 


effects ofthe {-potential on sedimentation kinetics. 


x = xo.exp(--kr) + C.[l - exp(-kt)].exp(-u,t) (Eq. 1) EXPERIMENTAL AND RESULTS 


and : 


.Y - H,, = A,.exp(--W,T) + A2.exp(--T) (Eq. 2) 


wherc x o  and H ,  are initial and final heights of sediment, 
respectively; k is the conversion constant from the non- 
equilibrium to the equilibrium Roc-aggregate; the 
critical height, A 1  + A:, occurs at time t = f,;  and the 


k /dry 4 1 2  


A previously described experimental setup (1 ,  2) was used for the 
sedimentation studies; the tube used was 2.46 cm. in diameter. The 
suspensions tested were 25% (w/v) suspensions of 5-p  silica1. This 
is an air-separated, natural silica. The maximum size particle is 
5 p in length, and the average size is 1 p (3); the size distribution is 
quite narrow. Several batches of this product were tested, and repro- 
ducibility of sedimentation patterns was only possible by washing 
the silica with dilute hydrochloric acid. The following general pro- 
cedure gave reproducible sedimentation patterns and was used for 
all systems described here. 


E 24 
U 


r" 


22 


10 20 30 40 
-r-POTENTIAL. mv. 


Figure l-Initiuf sedimentation rate constant (k), second contrac- 
tion rate coiistnirt (wz), aird final height (H,) as a function of (- 
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1 Min-U-Sil, Pennsylvania Glass and Sand Corp., Pittsburgh, Pa. 
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Table I-Sedimentation Parameters at Various r-Potentials 


Concentration, I-Potential, ’sedimentation Rate Constants, hr.-l Final Height, 
Electrolyte mM mv. k W1 w2 Hy, cm. 


Calcium chloride 3.00 -12.0 0.052 0.0065 0.0450 23.82 
Calcium chloride 1.50 -14.5 0.065 0 .  oO70 0.0186 23.45 
Calcium chloride 0.75 -18.3 0.08 0.0075 0.0116 22,665 
Sodium chloride 0.5 -38.1 0.125 0.0056 0.0088 21.93 
Sodium chloride 1 .o -40.0 0.132 0.0064 0,0080 20.50 
Sodium chloride 2.5 -40.0 0.132 0.0064 0.0080 20.555 


Silica, 121 g., was suspended in water, adjusted to 485 ml. total 
volume with water, and sheared for 5 min. in a blender (Waling). 
Then I ml. of concentrated hydrochloric acid was added, and the 
suspension was transferred to a sedimentation tube. After 12 hr. 
the supernate was siphoned off, and 500 ml. of distilled water was 
added. The suspension was then shaken, the supernate was siphoned 
off, etc., until the silica had been washed five times. After the last 
decantation, the suspension was brought to  a volume of 484 ml. 
with water and 242 ml. of 0.1 (wlv) aqueous methyl phydroxy- 
benzoate solution, so that the solution was 0.05 with respect to 
the preservative. The preservative was incorporated because long 
periods (3 months) were necessary to attain the final height. The 
systems were such that they could not be tested at 0% electrolyte 
concentration since a clear interface was not formed; small amounts 
of sodium and calcium chloride, however, leave the supernate 
clear. These two substances were used to adjust the {-potential2. 


Sedimentation patterns such as were described earlier (1, 2) were 
obtained; the results are listed in Table 1. The k and w1 values were 
obtained uia iteration procedures as described earlier ( 1 )  and w2 
values from the biexponential final curve (2). 


DISCUSSION 


Linearity appears to result when k is plotted uersiis {-potential 
as shown in Fig. 1. The parameter k is affected both by aggregation 
rate and floc-aggregate size. An attempt to separate these effects 
is shown later (Eq. 6). The final height, H,, is also plotted oersus 
I-potential in Fig. 1 and demonstrates a principle reported for many 
other systems ( 5 ,  6)-uiz., that H ,  is highest when the r-potential is 
closest to zero. 


It is noted from Table I that w1 is fairly insensitive to {-potential 
as expected from Eq. 3. However, the {-potential has a strong effect 
on at, and Fig. 2 shows that for this system: 


Equation 5 is compatible with Eq. 4 in the sense that an increase in 
r-potential increases the electrical repulsion between floc-aggre- 
gates. 


The effect of electrolytes on flocculation was reported by other 
authors (7, 8). It was pointed out earlier (1) that with respect to the 
initial rate constant, k ,  this might be a function of aggregation rates, 


Figure 3-k as a 
function of H, - ‘ 1 8 .  


1.20 1.24 1.30 1.32 
Hu - ‘/3 


since its viscosity dependence is of the form encountered in aggrega- 
tion kinetics (9, 10). There is no doubt, however, that Stokes forces 
also influence the initial sedimentation phase. If k is considered to 
be a function of floc size in the sense that it depends linearly on r2, 
where r is the “diameter” of the final floc-aggregate, and if it is also 
considered to depend on aggregation rates (l), then it may be put in 
the form: 


k = ar2 + b (Eq. 6 4  


or : 


r = ( a k  + /3)0.5 (Eq. 66) 


If each Roc is separated on the average by I cm., then the number 


m = ~ ( 1 . 2 3 ) ~ / 1 ~  (Eq. 7) 


of flocs in a cross section is: 


The total number of particles is: 


If each cross-section is I cm. apart, then the total number of par- 
ticles is also given by H,.m/l so that from Eqs. 7 and 8 : 


Therefore, ak + p should be proportional to l 2  and inversely 
proportional to H,‘/a. Figure 3 shows that the latter relationship 
holds fairly well; in this view, a is the component cf k that is gov- 
erned by the Stokes relation and /3 is the component that is governed 
by aggregation kinetics. It is noted from the development of Eq. 
6 that a and b are positive; hence, /3 = -b/a must be negative. Fig- 
ure 3 shows this to be so in the system tested. 
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be seriously in error. p-Aminohippuric acid is used routinely for 
the evaluation of kidney function and effective renal blood flow. 
It was noticed that in some species consistently low clearance 
values were being obtained, and this finding was traced to the 
metabolism occurring in the kidney (23). 


In the clinical situation, it may be important to know what types 
of drugs are metabolized in the kidney and the extent to  which this 
occurs. One should be aware of the possible effects of administering 
these drugs to anephric patients or to patients suffering from any 
form of renal failure. These patients often have other accompanying 
ailments and may be treated with a large variety of drugs. Accu- 
mulation of drugs and toxic reactions may occur if the kidneys no 
longer contribute to metabolism. 
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Renal Contribution to Overall Metabolism of Drugs 11: 
Biotransformation of Salicylic Acid to Salicyluric Acid 


SUK HAN WAN* and SIDNEY RJEGELMAN‘ 


Abstract 0 The biotransformation of salicylic acid to  salicyluric Rhesus monkey 0 Salicyluric acid from salicylic acid biotrans- 
acid in the Rhesus monkey was studied, and the contributions made formation-renal metabolism contribution, renal and apparent 
by the kidney to the metabolic process were estimated from analysis clearances, Rhesus monkey 0 Renal metabolism-biotrans- 
of clearance data. formation of salicylic acid to salicyluric acid, renal and apparent 


clearances, Rhesus monkey 0 Biotransformation kinetics-sali- 
Keyphrases 0 Salicylic acid biotransformation to salicyluric acid- cylic acid to salicyluric acid, renal metabolism contribution, 
renal metabolism contribution, renal and apparent clearances, Rhesus monkey 


It was shown in a previous paper (1) that the con- 
version of benzoic acid to hippuric acid occurs in the 
kidney of the rabbit. This paper presents a similar study 
of salicylic acid metabolism to  salicyluric acid in the 
monkey. After reviewing the literature, it was found 
that none of the laboratory animals have been reported 
to metabolize salicylic acid (SA) to salicyluric acid 


(SAU) in quantities similar to those of man. No informa- 
tion was available on the metabolism of salicylic acid in 
the Rhesus monkey, a useful experimental animal. A 
preliminary study was undertaken to determine the 
fate of salicylic acid in this animal. At a dose equivalent 
to a 625-mg. dose/70-kg. man, it was found that the 
Rhesus monkey excreted high amounts of salicyluric 
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Table I-Pharmacokinetic Parameters Obtained after Intravenous 
Administration of Salicylic Acid to the Monkey' 


0 10 20 
VOLUME OF EFFLUENT, ml. 


Figure l--Eliiiioii of salicylic acid ( 2 )  and salicyluric acid (1) with 
plioJpliatc birfler jroni Column I ,  Sepliadex GI0 (7  mm. 0.d. X 120 
nim.). 


acid. As noted later, 72z of the administered dose 
was recovered as salicyluric acid, while man produces 
50-40 7; (2). It was, therefore, decided to use the Rhesus 
monkey as a test animal for the study of conversion of 
salicylic acid to salicyluric acid. 


EXPERIMENTAL 


Materials-Salicylic acid carboxy-'T, which had a specific 
activity of 4.6 nic./mM, was used for the synthesis of salicyluric acid 
carboxy-14C. The procedure used was similar to that described by 
Fr6mming and Vollenberg (3). 


Animal Preparation-Catheters were implanted in the aorta, 
inferior vena cava, and both ureters of a male Rhesus monkey 
weighing 5.6 kg. 


Intravenous Study--A sterile solution of 57.97 mg. sodium 
salicylate, equivalent to 50 mg. salicylic acid, was administered 
rici the inferior vena cava catheter. Blood samples of 2.5 ml. were 
taken from the aorta catheter at 4, 8, 12, 16, 20, 25, 30, 40, 50, 60, 
75. 90, 105, 120, 150, 180, 210, 240, 270, and 300 min. Total urine 
was collected over 16 hr. The plasma samples were extracted with 
ether and analyzed fluorimetrically for salicylic acid (4). Salicyluric 
acid in urine was analyzed colorimetrically using the method 
described by Umberger and Fiorese (5 ) .  


Infusion Study-Radiotagged salicyluric acid, specific activity 
0.053 pc./mM, was infused at a rate of 30 mg./hr., preceded by a 
priming dose of 10 mg. Infusion of salicyluric acid was maintained 
at this rate throughout the entire experiment. Four blood and five 
urine samples were taken during the 2nd hr. of infusion when 
steady state was presumed to have been reached. The sodium sali- 
cylate infusion solution was made by dissolving 400 mg. salicylic 
acid equivalent in 100 ml. saline. The infusion rate of this solution 
ranged from 3.6 to 18 mg./hr. The initial infusion was preceded 
by a priming dose of 10 mg. salicylic acid. Infusion of salicylic acid 
was started 60 min. after the priming dose. At an infusion rate of 
3.6 mg./hr., the expected steady-state plasma concentration is 
2.5 mcg./ml. The actual experimental value was 2.4 mcg./ml. 
Blood and urine samples were obtained during the 2nd hr. of in- 
fusion at each infusion rate. All solutions to be intravenously ad- 
ministered were prepared in sterile vessels and were bacteriologi- 
cally filtered. 


Analytical Methods-The amounts of salicyluric acid and salicylic 
acid in plasma are relatively low, in the region of 4 3 0  mcg./ml. 
Various methods have been used in the analyses of these com- 
pounds together or individually (6-9). Some of these methods are 
satisfactory for the analysis of large amounts of either compound 
such as quantitation in urine, but they are inadequate for the more 
sensitive analyses required for plasma. 


Sinha and Gabrielli (10) discussed a successful separation of 
benzoic acid and hippuric acid on a Sephadex gel column. This 
method allows one to separate the compounds and avoid partial 
interference in their later assay. Lee et al. (11) showed that it is 
possible to separate salicylic acid and aspirin on at least two types 
of Sephadex columns. 


Two types of Sephadex, A25 and G10, were tried in an attempt 
to separate salicylic acid and salicyluric acid. G10 gave better 


50 70 46 116 0.043 0.014 0.024 431 


a Weight of monkey = 5.6 kg. 


resolution. The procedure for quantitation of salicylic acid and 
salicyluric acid is as follows. Separation was first effected on a 
Sephadex G 10 column, and the eluate was analyzed by fluorimetry. 
Sephadex G10, 40-120-p particle size', was washed with pH 7.0 
0.067 M phosphate buffer to remove unwetted particles and allowed 
to soak in buffer overnight. The slurry was poured into glass 
columns2 (7 mm. i.d.). The column height was adjusted to 120 mm. 
The column packing was cleaned by eluting with 20-30 ml. buffer. 
For the elution of samples, the level of buffer in the column was 
allowed to run to just above the bed surface. Aqueous samples of 
up to 40 mcg. salicylic acid/salicyluric acid mixture were carefully 
added to the gel bed surface and allowed to soak through. The 
volume of sample did not exceed 500 pl. The column was eluted 
with phosphate buffer, and the eluate was collected in I-ml. frac- 
tions. The 1-ml. eluate was diluted to 5 ml. with buffer and measured 
flu~rometrically~. Activation wavelength and emission wave- 
length were 305 and 400 nm., respectively. The slit width was 
6 nm. 


The elution pattern of salicylic acid and salicyluric acid on several 
columns of the same bed volume were similar (Fig. 1). A 5-6-ml. 
effluent was collected before salicyluric acid was eluted. This 
volume is greater than the void volume of 1.2 ml., and proteins in 
samples should be eluted in this first effluent fraction. Salicyluric 
acid was eluted in the 6-1 3-ml. fraction. There was no drug in the 
13-16-ml. fraction. Salicylic acid was eluted in the 16-27-m1. frac- 
tion. The difference of 3 ml. between the two drug fractions is 
large enough for a clear separation. There was no binding of drug 
to columns and recovery was complete. 


The proteins in plasma samples were precipitated by heating or 
by adding equal volumes of isopropyl alcohol. A 0.24.5-ml. 
aliquot of the supernate was placed on the column and eluted 
with buffer. The first 4 ml. of effluent was discarded. The second 
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Figure 2-Plasma concenfratioii-time curve obtained after intra- 
venous administration of 50 mg. salicylic acid to the monkey. 


1 Pharmacia. 
2 Biorad Laboratories. 
3 Perkin-Elmer MPF-2A fluorescence spectrophotometer. 


Vol. 61, No. 8,  August 1972 1285 







A . 6 0  A . 
P 


I I L 
0 1 2 3 4 5 


INFUSION LEVEL 


Figure 3-Plasma concentrations and urinary excretion rates during 
sequential injiision of salitylriric arid and salicylic acid in the mon- 
key .  Key:  A, C:" (mcg. A, C'y' (mcg. ml.-'); 0, AAEAU/ 
At  (mcg. min- l ) ;  and 0, (AAS*'*/At) (d.p.m. min.-I). Each solid 
line and each broketi line represent a I-hr. iiiteroal. 


fraction of 10 ml. contains all of the salicyluric acid and the third 
fraction of 13 ml. contains salicylic acid. Plasma blank samples 
subjected to this treatment gave high fluorimetric readings only 
in the first 3 ml. of discard. Urine samples were diluted appro- 
priately and an estimated amount of drug not exceeding 10 mcg. 
of either compound was added to the column and eluted with 
buffer. The time of elution was about 2 hr. 


RESULTS AND DISCUSSION 


The dose of salicylic acid given intravenously to the monkey is 
equivalent to a 625-mg. dose for a 70-kg. man. The terminal half- 
life for the animal studied was 50 min. (Fig. 2), which is shorter 
than the 3-4-hr. average half-life in man. The other pharmaco- 
kinetic parameters for this animal have been tabulated in Table I. 
The clearance value for salicylic acid estimated from the area under 
the curve was 10 ml./min. or 1.8 ml./min./kg., in marked contrast 
t o  the data obtained for benzoic acid in rabbits where clearance 
was found to be between 44 and 115 ml./min. or 12.6-28.8 ml./ 
min./kg. In a single intravenous study in the monkey, benzoic acid 
was found to have a plasma clearance of 140 ml./min. or 38.1 ml./ 
min./kg. Plasma clearance of salicylic acid in man, at a dose level 
of about 500 mg. administered intravenously, was found to be in 
the range of 0.57 ml./min./kg. body weight according to the data 
of Riegelman et al. (12). 


The fraction of the dose excreted as salicyluric acid in 16 hr. was 
found to be 72%. 


C p ,  rncg./ml. 


Figure 4-Rate of metabolism of salicylic acid to salicylriric acid 
b y  the kidney at different plasma concentrations of salicylic acid 
during infusion of salicylic acid it1 the monkey. 


Table LI-Metabolism and Excretion of Salicylic Acid and Specific 
Organ Contributions to Metabolism a t  Various Steady-State 
Plasma Concentrations of Salicylic Acid 


Percent SAU Percent Dose Percent Dose 
C p S A ,  -Formed in- Excreted as Excreted as 


mcg. ml.-1 Kidney Liver Salicyluric Acid Salicylic Acid 


2 . 4  -100 0 48.4 4 . 6  
5 . 7  loo 0 65.3 8.0 
9 . 8  loo 0 55.5 


13.5 100 0 59.3 
22.5-26.5 100 0 47.4 


5 . 3  
19.2 
16.4 


Figure 3 shows the plasma levels of salicylic acid and salicyluric 
acid and rates of excretion of salicyluric acid and 14C-radiotagged 
salicyluric acid as obtained from the infusion experiment. The rate 
of excretion of 14C-radioactively labeled salicyluric acid was in- 
creased when salicylic acid infusion was begun, but it remained 
constant thereafter for increasing rates of salicylic acid infusion. 
The clearance change points out the necessity for monitoring the 
constancy of the excretory process. The change may have been 
caused by salicylic acid displacing protein binding or tissue binding 
of salicyluric acid, possibly increasing the glomerular filtration rate 
of salicyluric acid. Therefore, the renal clearance for subsequent 
calculations was corrected for this increase. The clearance of 14C- 
radioactively labeled salicyluric acid in the monkey was 28 ml./ 
min. or 5 ml./min./kg. This clearance is low compared to a pre- 
liminary study in a 14-kg. dog, which gave a clearance value of 146 
ml./min., equivalent to 10 ml./min./kg. Unfortunately, no similar 
experiment was done in this monkey prior to surgery. The renal 
plasma flow for the monkey was estimated to range from 18 to  21 
ml./min./kg. (13), while the p-aminohippuric acid clearance in dogs 
was found to  range from 8.7 to  14.9 ml./min./kg. (14). 


Discussions of these results with a physiologist led us to postulate 
that the tubing used to cannulate the ureters was too small in 
internal diameter, leading to  a high resistance in flow. The necessary 
length of tubing was 5-6 times the length of the ureters in the 
monkey. This may cause a build-up of fluid in the kidney tubules, 
resulting in ischemia. With a reduced flow, one would obviously 
see a reduced renal clearance. It must be emphasized, however, that  
clearance was constant throughout the experiment, beyond the 
initial increase already discussed. Further studies will be required 
to elucidate whether a possible ischemic reaction has a significant 
influence on these results. 


Plasma concentrations of salicylic acid were at steady state during 
the first three levels of infusion. At the fourth and fifth levels of 
infusion, the concentrations of salicylic acid did not reach steady 
state during the 2-hr. infusion period, and the animal may have 
been approaching saturation of the conjugating enzymes. Changes 
in plasma concentration of salicyluric acid are not detectable during 
the entire period of salicylic acid infusion. The assay method used 
for the plasma salicyluric acid is believed to  be accurate to at  least 
0.5 mcg./ml. of sample. If any salicyluric acid was being formed in 
the liver or other metabolic sites, an increase should be seen in the 
plasma level of salicyluric acid above the exogenous steady-state 
level of salicyluric acid, namely 3.9 mcg./ml. The urine excretion 
rate of salicyluric acid, however, increases at each rate of salicyluric 
acid infusion except for the fifth infusion level. The results show 
that liver metabolism is very low and that practically all of the sali- 
cyluric acid is being formed in the kidney. 


The method for assessment of kidney contribution to overall 
metabolism was previously discussed (1). The rate of formation of 
salicyluric acid by all metabolic sites includes the rate of metabolism 
by all extrarenal sites, presumed to be the liver, and the rate of 
metabolism occurring in the kidney. The extrarenal contribution 
can be estimated from the salicyluric acid clearance calculation 
based on the radioactivity measurement and the plasma steady- 
state concentrations of salicyluric acid (Eq. 6 of Ryfererice 1 ) .  
The kidney contribution to the salicyluric acid formation is esti- 
mated by the difference between the observed rate of total metabo- 
lism from the calculated extrarenal contribution (Eq. 7 of Reference 
1). 


Table I1 shows the percentage of salicylic acid converted to 
salicyluric acid by the kidney at  different plasma levels of salicylic 
acid. As expected, the fraction of the dose metabolized to salicyluric 
acid decreased with increasing plasma concentrations of salicylic 
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Figure 5-wooifplot of S/V versus S for  enzymic conversion of 
salicyluric acidfrom salicylic acid in the monkey. 


acid. At the higher plasma concentrations, a larger fraction of the 
acid was excreted unchanged. 


Figure 4 is a plot of (dM/dz)SAU against CpsA and is indicative 
of what one expects of a capacity-limited enzyme system. The 
Woolf plot (Fig. 5 )  gave a Vmax. of 346 mcg./min. and a K, of 13.4. 
The correlation coefficient for the regression line was 0.91. 


From these data, the conversion of salicylic acid to salicyluric 
acid seems to occur mainly in the kidney in the monkey. The calcu- 
lated maximum rate of metabolism to salicyluric acid was lower 
than for hippuric acid in the rabbit. In most species, the metabolism 
of benzoic acid proceeds at a rate that is much faster than the rate 
of conversion of salicylic acid to salicyluric acid. In man, metabo- 
lism of benzoic acid proceeds at a rate which is 20-fold that for 
salicylic acid (15). The capacity-limiting factor in benzoic acid 
metabolism was shown by Quick (16) and Levy and Matsuzawa 
(17) to be due to some extent to the availability of glycine. However, 
saturation of salicylic acid metabolism is probably not due to the 
same reason. The turnover rate of glycine evoked in the metabolism 
of salicylic acid is much lower. It has also been shown that when 
glycine is administered simultaneously with salicylic acid, the 
maximal rate of formation of salicyluric acid is not changed (18). 
It is possible that capacity-limited metabolism is therefore due to 
saturation of an enzyme system rather than to the rate of avail- 
ability of glycine. 


All the results discussed in this report are, of course, dependent 
on the hemodynamic state of the animal during the experimental 
study. If it is presumed that blood flow to the kidney was reduced, 
conditions for saturation may be different from what is found under 
normal hemodynamic conditions. Moreover, this could allow for a 
greater fraction of the drug to be metabolized by the liver, a condi- 
tion that was noLobserved, since the liver for most animals is 


known to have a significant concentration of glycine-conjugating 
enzyme. 
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Table II-Capsules 


Mean Capsule Disintegration Dissolution, 
Lubricant, mg./capsule Weight, mg.” Time, r n h b  in 10 min? cv9 % 


1 .O Magnesium lauryl sulfate 472.0 
0.5 Magnesium lauryl sulfate 489.7 
0.25 Magnesium lauryl sulfate 473.7 
1 .O Magnesium stearate 468 
0.5 Magnesium stearate 491.7 
0.25 Magnesium stearate 469.3 
None 471 .O 
2 .5  Sodium lauryl sulfate 477.9 


4 
4 
4 


> 270 
120 
50 
7 
4 


2 .4  
3 . 6  
5 . 1  
2 . 2  
3 . 6  
3 .0  
3 . 9  
5 . 5  


a’rwenty capsules were taken at  regular intervals at each of two stations, and 20 capsules were taken at random from a completed batch. Variance 
estimates frcm the sets of 20 capsules tended to be quite homogeneous and were, accordingly, pooled for each lubricant-amount combination, b NF 
XI11 Method 11 with six capsules in 600 ml. of 0.3 % HCI was used for disintegration and dissolution. 


compressed on a tablet machine’ equipped with cap- 
sule shape punches. 


Table I shows that: (a) magnesium lauryl sulfate 
and magnesium stearate were equivalent because there 
were no significant tablet weight variability differences 
between any pair of the five combinations; (b) vari- 
ability for either concentration of sodium lauryl sulfate 
was significantly higher than for all amounts of the 
magnesium salts, except in one case where 0.5 % sodium 
lauryl sulfate was more variable than 0.125 % magne- 
sium stearate, but the difference was not significant at  
the 0.05 level; (c) weight variation varied inversely with 
lubricant content; and (6) several other agents were not 
effective lubricants at  the 0.5 % concentration. 


A similar granulation was run on the rotary tablet 
machine2 equipped with 0.79 X 0.79-cm. (0.31 X 0.31- 
in.) punches. Statistical analyses showed : (a) magnesium 
lauryl sulfate (0.25 %) was equivalent in variability to 
magnesium stearate (0.5 %); (b) magnesium lauryl sul- 
fate (0.25 %) was significantly less variable than sodium 
lauryl sulfate (0.5 %); and (c) magnesium stearate 
(0.5 %) was significantly less variable than sodium 
lauryl sulfate (0.5 %). 


Lubricant performance in the rotary tablet machine 
was also evaluated in a direct compression mix contain- 
ing lactose3 and starch. The results were: (a) mag- 
nesium stearate (0.5 %) was significantly less variable 
than magnesium lauryl sulfate (2.0 %); (b) magnesium 
lauryl sulfate (2.0 %) was significantly less variable than 
sodium lauryl sulfate ( 2  %); and (c) magnesium stearate 
(0.5 %) was significantly less variable than sodium lauryl 
sulfate (2  %). 


Relative lubricating properties of magnesium lauryl 
sulfate and magnesium stearate were also determined by 
comparing capsule weight variations of mixes filled 
on an automatic capsule-filling machined. Each capsule 
contained lithium carbonate (300 mg.), spray-dried 
lactose (90 mg.), and lubricant. 


Table 11 shows that: (a) magnesium lauryl sulfate 
and magnesium stearate were equivalent at  1.0 and 0.5 
mg./capsule concentrations; (b) magnesium stearate 
gave less weight variability than magnesium lauryl sul- 
fate a t  0.25 mg./capsule concentration ; and (c) weight 
variation varied inversely with lubricant content. Note 
in Table I1 that the capsules with 1 mg. magnesium 
lauryl sulfate disintegrated rapidly and the contents dis- 


1 Stokes model F.  
2 Stokes B-2. 
3 Fast-Flo. 
4 Zanasi model LZ 164. 


solved rapidly (Tso% dissolved = 2.7 min.) but the cap- 
sules with 1 mg. magnesium stearate did not (T5,,% dis- 
solved = 48 min.). 


In three of four formulations, magnesium lauryl 
sulfate was equivalent to magnesium stearate as a 
lubricant. It was better than sodium lauryl sulfate. 
Thus, these data indicate that magnesium lauryl sulfate 
possesses the lubricating properties of magnesium 
stearate but without its waterproofing liability. 


While the safety of magnesium lauryl sulfate for use 
in pharmaceuticals remains to be established, we antici- 
pate that it is as safe as sodium lauryl sulfate. Full 
details will be published later. 


(1) M. I. Blake, J.  Amer. Pliarm. Ass., NSll, 603(1971). 
(2) “The Theory and Practice of Industrial Pharmacy,” L. 


Lachman, H. A. Lieberman, and J. L. Kanig, Eds., Lea & Febiger, 
Philadelphia, Pa., 1970, p. 313. 
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Solid-state Ophthalmic Dosage Systems in 
Effecting Prolonged Release of 
Pilocarpine in the Cul-De-Sac 


Keyphrases 0 Ophthalmic prolonged-acting dosage forms-pilo- 
carpine alginate flakes, cul-de-sac deposition, compared to pilo- 
carpine hydrochloride solutions 0 Miosis-prolonged-acting pilo- 
carpine alginate flakes 0 Timed-release dosage forms, ophthalmic 
-pilocarpine alginate flakes, compared to pilocarpine hydrochlo- 
ride solutions 


Sir: 


In the area of oral prolonged-acting pharmaceuticals, 
polyuronic acids have been described (1-3) as suitable 
carriers for the preparation of slightly soluble salt 
complexes. In this respect, we previously cited (4) the 
advantages to solid dose cul-de-sac deposition over 
that of conventional liquid installation for prolonging 
the duration of a desired pupillary response. 
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Figure 1-Miotic responses from liquid and solid dose cul-de-sac 
treatments. Key: 0 pilocarpine alginate solution, 3 .34z ;  6, pilo- 
carpine hydr.ochloride, 2 (methylcellulose); 0,  pilacarpine alginate 
flake, 4.9 mg. Broken lines signifv rebound activity. Bars represent 
standarddeviation, N = 10-14. 


Our present findings show that the 1,4-/3,~-man- 
nuronic acid, commonly known as alginic acid, salt of 
pilocarpine when administered as an ophthalmic disk 
by this route provides a significantly greater miotic 
response than is obtained from pilocarpine solutions. 


Ophthalmic flakes were prepared by dissolving pilo- 
carpine alginate powder (7 % w/v) in sterile water 
for injection, with the aid of mechanical mixing. The 
solution was delivered into flat-b.ottom petri vessels and 
subjected to evaporation under reduced pressure at  
30" in a thermostated water bath assembly. When the 
colloidal solution exhibited a semisolid consistency, the 
mass was sectioned into circular flakes (0.3-mm. thick- 
ness, 3-7-mm. diameter, 3.1-7.8 mg.) by means of 
various size trephines and dried to the point of solidi- 
fication. Following additional drying for 24 hr. at  room 
temperature, the ensuing transparent disks were re- 
moved and stored in light-resistant containers. Ele- 
mental analysis, on an anhydrous basis (loss on drying 
2.94%), showed C = 49.65z, H = 6.39%, 0 = 
38.14%, and N = 6.51 %, corresponding to an alkaloid 
content of 48.54%. (Theoretical2: C = 50.76, H = 6.47, 
0 = 35.81, andN = 6.96.) 


Pilocarpine alginate, 3.34 % (w/v), and pilocarpine 
hydrochloride, 2.00% (w/v), in the presence of methyl- 
cellulose 4000 cps., required to adjust the viscosity 
of the latter to that of the alginate (72 cps., 
Brookfield, LVT, 25") solution, were prepared from 
sterile Sprensen phosphate buffer stock solutions mixed 
in varying proportions to give a final pH of 6.14 and 
adjusted for tonicity with sodium chloride. 


Miotic studies were conducted using albino, 4-5-kg., 
male rabbits. The animals were allowed to equilibrate 
under constant conditions of illumination for 24 hr. 
prior to commencing treatment with either solid or 
liquid doses. 
Each solution was delivered from a micrometer syringe 


(0.075 ml.) into the lower cul-de-sac of one eye, and its 
vehicle was used as the control in the other eye. With 
the solid dose studies, flakes were deposited into the 
lower sac with the aid of forceps after being soaked for 
30 sec. in isotonic sodium chloride to allow the disk to 


1 Tilden-Yates Laboratories, Inc. 
2 Estimated as a percent composition based on an empirical formula 


of (C6H806'HzO)n and CllH16NzOz for alginic acid and pilocarpine, 
respectively. 


assume a semiplastic consistency and reduce the degree 
of initial contact irritation. Alginic acid flakes, similarly 
prepared, were used as controls. The size of each pupil 
was measured immediately before the test drug was 
applied with an Optiker-Ryser pupillary gauge fixed at a 
distance of 15.2 cm. (6 in.) from the globe. 


Pupillary responses (Fig. 1) indicate that, in the liquid 
state, pilocarpine alginate exhibits essentially compara- 
ble miotic activity as pilocarpine hydrochloride follow- 
ing single-dose treatment. No pupillary constriction 
was noted in both liquid and solid dose control eyes. The 
results derived from solid pilocarpine alginate deposi- 
tion show the magnitude of maximum pupil size con- 
striction to be enhanced, with duration of miosis sig- 
nificantly increased over that of both liquid dosage 
systems. Restoration of normal pupillary diameter for 
the solid-state dose is observed to occur between 7 and 
8 hr. in contrast to about 3.5 hr. for the ophthalmic 
solutions. 


These results indicate that availability of pilocarpine 
in the cul-de-sac from solid doses may be more uniform 
as a consequence of diminished diffusion through the 
gel matrix where the drug is held in reserve, in contrast 
to liquid dosage forms where the dose is immediately 
released in the conjunctival fluids. The present observa- 
tions suggest that the use of solid ophthalmic dosages 
in the treatment of glaucoma may be more effective, 
requiring less frequent administration of drug to pro- 
duce a prolonged physiological activity. 


(1) N. Shaftel and A. Halpern, Amer. J. Med. Sci., 236, 184 
(1958). 


(2) A. Halpern, N. Shaftel, and G. Schwartz, Anribiot. Che- 
mother., 9,97(1959). 


(3) A. Halpern, N. Shaftel, and A. J. Montebovi, Amer. J .  Pharm., 
130,190(1958). 


(4) S. P. Loucas and H. M. Haddad, Physiology and Pharma- 
cology Symposium: Recent Advances in Drug Dynamics and Drug 
Delivery Systems in the Eye, Assoc. Res. Vision. Ophthal., Florida, 
1971. 
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Anthraquinone, a New Chemical Oxidation 
Product of Amitriptyline 


Keyphrases 0 Amitriptyline oxidation, permanganate-identifica- 
tion of dibenzosuberone and anthraquinone as products 0 Dibenzo- 
suberone and anthraquinone-identification as oxidation products 
of amitriptyline 0 Anthraquinone and dibenzosuberone-identifi- 
cation as oxidation products of amitriptyline 


Sir : 


Wallace and Dahl (1) described a quantitative UV 
spectrophotometric procedure for the determination of 
amitriptyline (I) and nortriptyline as well as their prin- 
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Significance of Coupling Terms in Passive Transport of 
Drugs Affected by Complex Formation Reactions 


V. S. VAIDHYANATHAN 


~~ 


Abstract Fluxes of drugs across membranes are affected by the 
presence of a reactant in the membrane phase with which the drug 
can associate to form a complex. When the reaction is at equilibrium, 
the use of the simple form of Fick’s law leads to prediction of en- 
hancement of total flux. I t  is shown that inclusion of coupling 
terms by a generalized form of Fick’s law leads to an adequate 
explanation of the possibility of the total flux increasing, decreasing, 
or remaining unaffected by the complex formation reaction. 


Keyphrases 0 Passive transport-significance of coupling terms, 
complex formation reactions, Fick’s law, equations 0 Complex 
formation reactions-significance of coupling terms in passive 
transport. Fick’s law, equations 0 Flux-significance of coupling 
terms for drugs affected by complex formation reactions, simplified 
Fick’s law, equations 


The subject of diffusion is one of great practical and 
theoretical importance in biological sciences (1). Diffu- 
sion is one of the chief means by which (in accordance 
with the second law of thermodynamics) materials are 
transported from one side of the membrane to the other. 
Fick’s law assumes that the rate of diffusion across a 
plane normal to the direction of transport is propor- 
tional to the concentration gradient, the proportionality 
constant being defined as the diffusion coefficient. Ac- 
cording to Fick’s law, one writes the flux of species U, 
Ju, as equal to (one-dimensional transport) : 


Ju = -Du(dCu/dx) (Eq. 1) 


where the flux is given in moles per unit area per unit 
time, concentrations are expressed in moles per unit 
volume, x is the position variable, and (dCJdx) is the 
concentration gradient denoted in the following by Cu’. 
The negative sign of Eq. 1 signifies that the materials 
transport i n  a direction of decreasing concentrations. 
Equation 1 has been very widely used in many simple 
considerations of the transport of molecules across mem- 
branes with the well-known assumption that the diffu- 
sion coefficients are constants (2). In principle, the diffu- 
sion coefficients are not constants since the frictional 
resistance that a molecule suffers is determined by in- 
teractions of all molecules present in the system. In ad- 
dition, principles of irreversible thermodynamics ( 3 )  
recognize existence of coupling between fluxes of differ- 
ent species, which may be included to modify Eq. 1 as 
(4) : 


J u  = - C DuqC,’ (Eq. 2) 


where the flux of species u is made up of contributions 
from concentration gradients of all species 7 present in 
the system, the proportionality constants being DUv. 
The summation sign in Eq. 2 runs over all species with 
nonvanishing concentration gradients present in the 
system. In principle, the elements of the diffusion coeffi- 


v 


cient matrix are dependent on concentration profiles 
and, for lack of better knowledge and to avoid messy 
mathematical equations, one adopts the simplifying 
assumption that Dug’s can be regarded as constants inde- 
pendent of x. 


While Eq. 1 is widely used in biological fields, only 
recently have the contributions of irreversible thermo- 
dynamics and their importance begun to be appreciated. 
Equation 2 is less familiar than Eq. 1 since all of us 
prefer simple expressions and are skeptical of the fruit- 
fulness of undertaking the construction of rational 
theoretical foundations, especially when the utility of 
refined attempts are not obvious. 


The objective of this paper is to illustrate the impor- 
tance of Eq. 2 in  drug transport problems as influenced 
by complex formation and off-diagonal elements. Nu- 
merous examples of experimental observations are 
available in which the presence of a complexing agent in 
the membrane phase sometimes leads to the enhance- 
ment or to the reduction or to no apparent change in 
the total flux of a substance (both in  unassociated and in 
associated complex forms) across a diffusion barrier. 


In a separate publication (5 ) ,  the effect of diffusion 
coefficients and rate constants on the flux of specified 
species was presented. The analysis was confined to the 
unassociated flux of a reactant-not to the total flux. 
In the next section, it is shown that use of Eq. 1 leads 
to results which agree with possibly limited sets of ob- 
servations, while the use of Eq. 2 leads to  results that 
are not predicted by Eq. 1. Specifically, use of Eq. 1 
along with the assumption that the reaction is at equi- 
librium in the diffusion barrier predicts the enhancement 
of total flux by the complex formation reaction in the 
presence of a complexing agent. In addition, Eq. 1 pre- 
dicts that the amount of enhancement is proportional to  
the concentration of the complexing agent present in the 
membrane phase. Use of Eq. 2 along with the assump- 
tion that the reaction is at  equilibrium predicts a more 
reasonable result: that the total flux can increase or de- 
crease or remain unaffected by the complex formation 
reaction. In addition, Eq. 2 puts an upper limit on en- 
hancement by an increase in the concentration of the 
complexing agent in  the membrane phase. 


EQUILIBRIUM CONSIDERATIONS 


Consider the simple case of transport of a substance a across a 
diffusion barrier in the presence of a substance f? of concentration 
Cp. The substance 0 is so chosen that it associates with 01 to form a 
complex y as indicated by the reaction: 


where k,  and kz are the position-independent rate constants. If the 
concentration of the reactant f? is maintained equal on both sides 
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of the barrier (membrane), the usual assumption that the reaction 
is a t  equilibrium at all locations is valid under stationary-state con- 
ditions (6). In addition, the concentration profiles of e, 0, and y are 
linear, given by the relations: 


Ca(x) = Ca(0) + U ~ X  (Eq. 4 4  


C o ( x )  = c m  (Eq. 46) 


CAx) = CY(0) + CIX (Eq. 4) 


where al and c1 are constants; C,(x) denotes the concentration of 
species v at location x .  The barrier extends from x = 0 to  x = / I .  
Equation 3 follows from the basic assumption that the reaction is a t  
equilibrium everywhere in the diffusion barrier, which leads to the 
conditions: 


J A x )  = kiCa(x)Cg(x) - k*Cy(x) = 0 (Eq. 5a) 


(Eq. 56) JR‘(x)  = ki[Ca(x)Cp’ + Cg(x)Ca’] - k?Cy’  = 0 


JR“ = ki[CaCp” + CpCa” + 2Ca’Cp’l - kiCy” 
= 0 (Eq. 5c) 


JR(x) = Jy’(x)  = -Ja ’ (x )  = --Jg’(x) 0%. 5 4  


If the fluxes are given by Eq. I ,  so that Eq. 5d is satisfied, the 
second derivatives of concentration profiles of the species vanish 
when diffusion coefficients are constants. Thus, concentration pro- 
files are linear in the diffusion barrier. Satisfying the requirements of 
Eq. 5c when the reaction is at  equilibrium requires the concentration 
gradient of one of the reactants to vanish; thus it is adopted that 
Cg‘ = 0 in Eq. 4. With these relations, it follows that the ratio of 
fluxes of complex y and reactant a in the presence of 0, when the 
reaction is at  equilibrium, is given by the expression: 


JyIJa = K(Dy/Da)Cp (Eq. 6) 


where K is the equilibrium constant equal to (kl /k2)  of the reaction; 
and D, and D ,  are the diffusion coefficients of a and 7,  respectively, 
in the membrane phase. Equation 6 is in agreement with the result 
of Eq. 29 of a previous paper (6) obtained by a different method. 
Equation 6 has the correct lirnitingproperty that as Co tends to  zero, 
the flux of complex y vanishes. However, it has the property that as 
Co tends to infinity, the ratio of flux of a transported in complexed 
form to the flux of unassociated form of a also tends to infinity. In 
addition, if one considers the total flux of a transported both a s  
free and as complex as given by the differential equation: 


.la* = Ja + J y  = -DaCa’ - D,Cy’ (Eq. 7) 


one obtains: 


Ja* = J a ( 1  + K(Dy/Da)Cp}  (Eq. 8) 


Equation 8 implies that it is always possible to enhance the total 
flux of drug Q by complexing it  with substance 0. Except for the 
limitation imposed by the solubility of 0 in the membrane phase, 
according to Eq. 8 one can enhance Ja* to any desired extent by a 
corresponding increase in C,q, It also follows from Eq. 8 that (dJa*/ 
dCg) will be positive definite unless (dJ,/dC,q) is negative and has a 
magnitude greater than JaK(Dy/Da) [ I  + K(Dy/Da)Cp]- l .  


Utilization of Eq. 2 in place of Eq. 1 for the fluxes leads, however, 
to the result, in place of Eq. 6, that: 


Jy/Ja = [Day + KCgDyy]/[Dau + KCBDUYI (Eq. 9) 


The derivation of Eq. 9 is presented in the Appendix. Unlike Eq. 
6, Eq. 9 has the limiting properties that: 


limit Co -, 0, J,/Ja = Du,/Daa (Eq. IOU) 


limit Cs -, m, Jy/.Ia = Dy?/Day (Eq. 106) 


In addition, when: 


CB = ( I / K )  [Daa - Dayl/(Dyy - Day) (Eq. Ila) 


Jy/Ja = 1 (Eq. 116) 


One may recall that the principle of minimum entropy production 


requires that the diagonal elements of the diffusion matrix be posi- 
tive definite and that the off-diagonal elements may be either positive 
or negative. The positive-definite character of KCg is preserved in 
Eq. 1 la. 


If one defines the dimensionless quantities, x ,  y ,  and r ,  by the 
relations : 


x = (Day/Daa)  (Eq. 121) 


Y = (Dyy/Dau)  (Eq. 126) 


r = Jy/Ja (Eq. 12c) 


from Eq. 9, one obtains: 


dr/dC = K ( y  - x ) / ( l  + Kcox)*  (Eq. 13) 


Equation 13  admits (dr/dCo) assuming positive, null, and negative 
values, depending on the relative magnitudes of x and y .  Thus, 
unlike Eq. 6, Eq. 9 contains an  upper bound value for r .  namely y,  
and states that the total flux of drug cannot be enhanced to in- 
finity by an increase in concentration of the reactant in the mem- 
brane phase. 


APPARENT FIRST-ORDER RATE CONSTANTS 


Similar arguments can also be advanced to the familiar evaluation 
of apparent first-order rate constants for the flux of Q in the presence 
of /3 of concentration Cp, k,* and in the absence of 8, k,. As pre- 
sented in the Appendix, following the method of Northrop and 
Anson (7), the ratio ofthe two rate constants may be evaluated as: 


ka*:ka = 1 + K(D,/Da)Co (Eq. 14) 


when Eq. 1 is used for the flux expressions. Equation I?,  which is 
obtained for quasistationary-state conditions, bears close similarity 
to Eq. 6. 


On the other hand, if one utilizes Eq. 2, in the presence of f l  in 
the barrier, when the reaction is at  equilibrium, one has the differ- 
ential equation: 


dQa*/dr = -(A/h)SICa(0) - C d r ) ]  (Eq. 15a) 


S = [Daa + Day + K C d D a y  + Dyy)l (Eq. 156) 


Following the procedure of Northrop and Anson, one has the 
expressions for the apparent first-order rate constants as: 


Ku = [(VI + V2)A/hViVzJ[Dau + KDayCgl (Eq. 160) 


Ku* = I(VI + Vz)A/hV,V~l[Daa + Day 
+ KCidDa, + Dyy)1 (Eq. 166) 


The ratio of (Ka*/Ka)  now remains finite for large values of Cg. 
This ratio can increase, decrease, or remain unaltered, depending 
on the sign and relative magnitude of D,, in comparison with 
other terms. In Eqs. 15 and 16, A is the surface area of the diffusion 
barrier, and VI and V2 are the volumes of solutions on the two sides 
of  the barrier; Qu*(r) is the amount of substance transported a t  
time t, both as unassociated and as complex y. 


CONCLUSIONS 


In theoretical studies of drug absorption and transport as in- 
fluenced by a complex forming agent, it is probably important to 
include terms to represent coupling bet ween fluxes of different 
species as given in Eq. 2. The simple form of Fick’s law is inade- 
quate to explain the possibility of the total flux of a drug a increas- 
ing, decreasing, or remaining unaffected by the presence of a com- 
plexing substance in the membrane phase. An alternative explana- 
tion involving distinct equilibrium constants for the reaction in 
aqueous and membrane phase was suggestcd by Hayton er d. (8). 


APPENDIX 


In a previous paper ( 6 ) ,  a nonlinear differential equation for a 
function G(x)  was derived, and its solution was obtained (Eqs. 18 
and 41 of Reference 6) when coupling between fluxes of different 
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species was ignored. Inclusion of coupling terms by the use of Eq. 
2 in place of Eq. 1 also leads to a similar differential equation for the 
function G(x) related to the reaction rate profile J R ( x t v i z .  : 


G” = NaG + MG2 + SGX $- FIX’ 
+ RX + F3 = JR(x) (Eq. 1 7 ~ )  


(Eq. 176) 


(Eq. 17c) 


(Eq. 17e) 


(Eq. 17f) 


(Eq. 17g) 


(Eq. 17h) 


(Eq. 17i) 


G‘(x)  = I ( x ) ;  I ’ ( x )  = JR(x);  (RaqI = IDUVI-~ (Eq. l7j) 


The solution of Eqs. 17a-17j enables one to compute the reaction 
rate profile from a knowledge of rate constants, elements of the dif- 
fusion matrix, and concentrations at boundaries when coupling 
between fluxes is to be included in a manner similar to that out- 
lined in Reference 5. In Eqs. 17a-l7j, the index u can refer to 
a, B,  or y. Ha and Qa are integration constants independent of the 
position variable. N is the reciprocal of relaxation length, character- 
istic of the system (analogous to 7 of peferences 5 and 6 )  when COU- 
pling between fluxes is included. Rsq’s are the elements of the resis- 
tance coefficient matrix which is the inverse of the matrix of diffusion 
coefficients. The constants Fl, F2, and Fa have similar meanings to 
A, B, and JR(O) of Eq. 18 of Reference 6. Ha, Hg, and H, have dimen- 
sions cf concentrations. M and S play the roles of p and u. Thus, 
when the elements of the diffusion coefficient matrix are constants 
and independent of the position variable, computation of the func- 
tion G(x) and the reaction rate profile, as well as concentration 
profiles, from a knowledge of boundary concentrations and rate 
constants in the inhomogeneous membrane phase is feasible, except 
for more computation tediousness than that presented in Reference 
5 .  Thus, use of Eq. 2 in place of  Eq. 1 also leads to solution of the 
problem and, in particular, requires linear concentration profiles 
for the species a, p, and y participating in the reaction when the re- 
action is at equilibrium. When the reaction is at equilibrium, the 
solution of Eq. 17a is of the simple form: 


(Eq. 18a) 


MI = - (Ta/Pa) or - (Ts/Pp). (Eq. 186) 


This result is similar to the result of Eq. 24b of Reference 6.  When 
one chooses that MI equals -(Tp/Pp), one has: 


G(x) = Mo +MIX 


CS’ = 0 (Eq. 19a) 


(Eq. 196) 


CY’ = (POT, - PYTs)/PB (Eq. 19c) 


Therefore, from Eq. 19 it follows that when Eq. 2 is utilized for 
fluxes and reaction is a t  equilibrium in the membrane phase, validity 
of Eq. 5 leads to Eq. 4. 


Ca’ = (POT, - PaTB)/PB 


Equation 9 results from the equations: 


Ja = -Daaa~ - Da+1 (Eq. 204 


J ,  = -Da,al - Dy-,cl (Eq. 20b) 


C I  = KCpa, (Eq. 2Oc) 


As long as concentration profiles are linear, a, = [Ca(0) - C,(h)]/h. 
To obtain ka*, for example, one integrates the expression (1): 


(dQa*/dt) = -(DaA/h)[l  + K(Dy/Da)Cpl 
X [(Qa’ - Qa(t))/Vl - {ear’ - Q a ( t ) l / ~ z l  (Eq. 21) 


with the condition that Qa(t) = 0 when t = 0. QaI and QaI* are 
time-independent initial amounts of cz in solutions I and 11, respec- 
tively, sandwiching the membrane. If one desires to introduce 
partition coefficients, one obtains: 


ka* = {(K + V Z ) / V I V Z ) ( D ~ A E ~ / ~ )  
X [ I  + K(~’ , /Da)EjKpI  (Eq. 2 h )  


EaCa(0) = Ca’ = (Qa’IVI) (Eq.22b) 


EpCS(0) = Cp’ (Eq. 22c) 
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Effect of Halofenate on Binding of Various Drugs to 
Human Plasma Proteins and on the Plasma 
Half-Life of Antipyrine in Monkeys 


HOWARD B. HUCKER’, SUSAN C. STAUFFER, and SAMUEL E. WHITE 


Abstract 0 Halofenate free acid was shown to reduce markedly 
the binding of salicylic acid and aspirin in human plasma, Similar, 
but much smaller, effects were observed on binding of chloro- 
thiazide, tolbutamide, digitoxin, and phenylbutazone. No effect was 
seen on binding of warfarin, dicumarol, or indomethacin. Halo- 
fenate administration did not alter the plasma half-life of antipyrine 
in rhesus monkeys. 


Keyphrases Halofenate-effect on binding of various drugs to 
human plasma proteins and on the plasma half-life of antipyrine in 
monkeys 0 2-Acetamidoethyl (p-chlorophenyl)( m-trifluoromethyl- 
phenoxy)acetate (halofenate)-effect on binding of various drugs to  
human plasma proteins and on the plasma half-life of antipyrine in 
monkeys 0 Plasma protein binding-effect of halofenate on various 
drugs Half-life, antipyrine-effect of halofenate administration, 
monkeys 0 Antipyrine half-life-effect of halofenate administration 


Halofenate’ is a new drug which reduces concentra- 
tions of several lipid parameters in the rat (1) and is 
currently in clinical trial for treatment of patients with 
hypercholesterolemia and/or hypertriglyceridemia (2-6). 
The new agent also has been shown to have hypouricemic 
activity in man ( 2 ) .  Halofenate is completely metabo- 
lized in man by hydrolysis to the halofenate free acid, 
which is extensively bound to  plasma proteins (7). 


0 


Q,, 
halofenate  halofenate  free a c i d  


1 2-Acetamidoethyl (p-chlorophenyl)(m-trifluoromethy1phenoxy)ace- 
tate. 


The pharmacological activity of many drugs is altered 
by coadministration of drugs that compete for binding 
sites on plasma proteins and inhibit or induce drug 
metabolism or excretion (8). We have studied two as- 
pects of possible drug interactions with halofenate, 
namely, its effects on the binding of other drugs to  
plasma proteins and its effects on the plasma half-life of 
antipyrine in rhesus monkeys. The latter technique was 
recommended as a means to  detect induction of drug 
metabolism (9); for this reason the present report also 
includes studies with clofibrate and phenobarbital. 


EXPERIMENTAL 


Materials-The following drugs were used in the study: aspirin- 
14C (carboxyl)e, 10.4 gc./mg. ; sa l i cy l i~ -7 -~~C acid2, 34.8 pc./mg.; 
d i g i t ~ x i n - ~ H  (generally labeled)?, 5.8 mc./mg.; dicumarol-14C 
(methylene)Z, 83 gc./mg.; warfarin- lac3, 23 pc./mg. ; and tolbut- 
a ~ n i d e - ~ ~ S ~ ,  21 pc./mg. Chlorothiazide-3H (12 gc./mg.), indomethacin 
(8.4 pc./mg.), and phenylbuta~one-~H (36 pc./mg.) were synthesized‘. 
All compounds were found to be radiochemically pure by paper or 
thin-layer chromatography. 


Binding-Fresh blood from human donors was citrated on collec- 
tion and centrifuged, and the plasma was separated. Solutions of the 
various drugs were prepared as follows: indomethacin in 0.1 M 
phosphate buffer, pH 8.0; halofenate free acid, salicylic acid, chloro- 
thiazide, warfarin, dicumarol, and phenylbutazone in 0.01 N 
NaOH; aspirin in water; digitoxin in ethanol; and tolbutamide in 
5 %  aqueous K2C03. All drugs were added in the smallest possible 
volume to 70 ml. of plasma, the pH of which was not affected by 
addition of the drug. 


Binding was measured by ultrafiltration as described by Borga 
et al. (10). Six samples were prepared for each concentration used. 
After final centrifugation, 0.2 ml. of the ultrafiltrate and 1 ml. of the 
plasma inside the dialysis tubing were pipeted directly into poly- 
ethylene counting vials containing 20 ml. of counting medium. The 
counting medium consisted of 7 g. diphenyloxazole, 0.23 g. of 1,4- 


2 New England Nuclear Corp. 
3 Amersham-Searle. 
4 By Dr. Mertel, Dr. Ellsworth, and Dr. Meriwether of the Merck 


Sharp & Dohme Research Laboratories. 
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bis-2-(5-phenyloxazolyl)benzene, 100 g. naphthalene, and 30 g. of 
a thixotropic gel5 in 1 1. of dioxane. Radioactivity was measured in 
a liquid scintillation spectrometer6, and the counting efficiency was 
determined by addition of an internal standard. 


Effect on Antipyrine Plasma Half-Life in the Monkey-Clo$brute- 
Eight rhesus monkeys were immobilized with phencyclidine, 
weighed, and placed in chairs. The animals were divided into two 
groups of four each (two of each sex). On the following day, the 
animals were given 100 rng./kg. i.v. of antipyrine. Blood samples 
were drawn a t  various times into heparinized syringes, and plasma 
was analyzed for antipyrine by a previously described method (1 1). 
One group was then given empty gelatin capsules for 4 days, be- 
ginning on the 2nd day after antipyrine administration; the other 
group received clofibrate, 120 mg./kg. p.0. in polyethylene glycol for 
4 days. On the following day, both groups were then given antipy- 
rine as before and plasma levels were measured. 


Phenobarbiral-Eight rhesus monkeys (four of each sex) were 
weighed and placed in chairs on Day 1. On Day 2, four animals (two 
of each sex) were given 100 mg./kg. i.v. of antipyrine and plasma 
concentrations were measured at  various times. On Day 3, the re- 
maining animals were given antipyrine. Then all animals received 
20 mg./kg. of sodium phenobarbital (capsule) daily for 4 days. After 
the 4-day period, the animals were given antipyrine as before and 
plasma levels were determined. 


Hu/o/eenote--Eight rhesus monkeys (four of each sex) were se- 
lected, weighed, and placed in restraining chairs (Day 0). On Day 1, 
all animals received 100 mg./kg. i.v. of antipyrine. Blood samples 
were taken at  0.5, 1, 2, 3, and 4 hr., and plasma was assayed for 
antipyrine. No treatment was given for an additional day (Day 2). 
On Days 3, 4, 5, and 6, four animals received 60 mg./kg. p.0. of 
halofenate (per day) in gelatin capsules. Empty capsules were ad- 
ministered to a second group during this time. On Day 7, both groups 
were given 100 mg./kg. i.v. of antipyrine and plasma levels were 
measured as before. 


All animals remained in chairs for the following 5 days with no 
treatment, after which a crossover phase was initiated. Both groups 
were given antipyrine as before (Day l), and plasma levels were mea- 
sured. The second group then received halofenate (60 mg./kg. p.0.) 
daily for 4 days, with the first group getting empty capsules. Follow- 
ing this treatment, all monkeys were given antipyrine as before and 
plasma levels were measured. 


RESULTS AND DISCUSSION 


The trend toward multiple-drug therapy in medicine necessitates 
a thorough understanding of the consequences of possible drug 
interactions. In the present investigation, two types of possible in- 
teractions were studied for halofenate, a new hypolipidemic drug. 
Effects of halofenate free acid, the form in which halofe- 
nate is present in the blood, on plasma protein binding of vari- 
ous other drugs are shown in Table I. The range of halofenate free 
acid concentrations employed was similar t o  that observed in plasma 
of human subjects given the drug (500-2000 mg./day) for 4-8 weeks?. 


The presence of halofenate free acid had no effect on the binding 
of warfarin, dicumarol, or indomethacin; slightly reduced the bind- 
ing of digitoxin; moderately lowered the binding of chlorothiazide, 
tolbutamide, and phenylbutazone; and markedly reduced the bind- 
ing of salicylic acid and aspirin. 


It is of interest that halofenate free acid has been reported to dis- 
place 1311-labeled thyroxine from thyroid-binding globulin (5) and 
to displace fatty acid from strong to weaker albumin binding sites 
( 12). 
a-(p-Ch1orophenoxy)isobutyric acid, the free acid derived from 


clofibrate, has been reported (13, 14) to inhibit binding of warfarin 
to human albumin. Thus, it is possible that the therapeutic activity 
of warfarin may be influenced to a lesser degree by halofenate than 
by clofibrate. Clofibrate caused only a small reduction in digitoxin 
binding to albumin (15), similar to that observed in the present study 
with halofenate. 


The effect of halofenate administration on the plasma half-life of 
antipyrine in rhesus monkeys was also determined; the results are 


Cab-0-Sil. 
6 Packard. 
7 Dr. D. J. Tocco and Dr. C. C. Porter, unpublished results. 


Table I-Effect of Halofenate Free Acid on Binding of Various 
Drugs in Human Plasma 


~ ~~ 


Halofenate 
Drug Free Acid 


Concentra- Concentra- 
tion, tlOI1, Percent 


Drug mcg./ml. mcg./ml. Drug Bounda 


Warfarin 


Dicumarol 


Indomethacin 


Salicylic acid 


Aspirin 


Chlorothiazide 


Tolbutamide 


Digitoxin 


Phenylbutazone 


10 


10 


10 


100 


25 


10 


100 


0.1 


100 


0 
50 
200 
500 
0 
50 
200 
500 
0 


50 
100 
200 
500 
0 
50 
100 
200 
500 
0 
50 
100 
200 
500 
0 
50 
100 
200 
500 
0 
50 
200 
500 
0 
50 
100 
200 
500 
0 
50 
100 
500 


97.2 f- 2.3 
98.9 rt 0.3 
98.6 f 0.3 
96.9 rt 0.5 
99.8 f 0.2 
99.7 i 0.2 
99.8 f 0.2 
99.5 f 0.2 
96.7 f 0.2 
96.6 i 0.1 
96.6 rt 0.1 
97.2 f 1.2 
97.3 f 1 . 1  
84.4 f 0.8 
81.6 f 0.9 
77.4 f 0.8 
74.0 f 1.W 
44.2 f 0.8* 
60.5 f 1 . 7  
58.4 f i . W  
57.9 + 1.w 
50.2 f- 1.2b 
9.9 f- 0.7b 
94.6 f 1.3 
92.9 f 0.7b 
91.4 rt 0.e 
85.9 f 1.4b 
75.5 f l.W 
95.4 f 0.1 
94.5 =t 0.26 
89.4 f- 0.5b 
74.3 f 1.26 
91 .O rt 0.4 
91.6 rt 0.9 
90.2 f 0.4b 
88.7 f- 0.76 
90.3 f 1.8b 
99.1 f 0.05 
98.8 3= O.OSb 
98.8 & 0.05b 
94.0 f 0.42* 


a Mean f S D  for five to six analyses at each concentration. b Signif- 
icant difference, p = 0.05 or less; the value for digitoxin in the presence 
of 500 mcg./ml. of halofenate free acid was done separately and dif- 
fered significantly from the control value repeated at the same time 
(94.4 f 0.7). 


shown in Table 11. As indicated, no significant effect was found, 
suggesting that halofenate did not induce liver microsomal enzymes 
that metabolize antipyrine. Clofibrate also gave negative results, 
although it has been reported to stimulate testosterone metabolism 
by rat liver microsomes (16). Man apparently differs from the mon- 
key in this respect, since halofenate was recently reported to shorten 
the half-life of antipyrine in human subjects (17). 


Phenobarbital, a potent inducer of drugmetabolizing enzymes, 
markedly lowered the plasma half-life. The results with phenobar- 
bital are in agreement with previously reported findings in monkeys 
(9), but the present study shows that induction with the barbiturate 
is demonstrable after a much shorter treatment period than 3 weeks. 
In conclusion, results of the present study show that halofenate 


can inhibit binding of some drugs to  plasma proteins, but that it 
does not stimulate the metabolism of antipyrine in the rhesus mon- 
key; halofenate is metabolized similarly in man and the monkey (7). 


At this time, it is difficult to estimate the pharmacological signifi- 
cance of these results. No reports of drug interaction with halofenate 
or halofenate free acid have been received, other than several in- 
stances in which it was found necessary to  reduce the dosage of 
warfarin or dicumarol to patients receiving halofenaten. However, 


8 Dr. G. E. Maha, personal communication. 
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Table II-Effect of Clofibrate, Phenobarbital, Halofenate, and Placebo Treatment on Plasma Half-Life of Antipyrine in Rhesus 
Monkeys' 


Half-Life, Antipyrine Concentration, mcg./ml. 
Group Period Treatment hr. 0 .5  hr. 1 hr. 2 hr. 3 hr. 4 hr. 


I Before 
I After 


I1 Before 
I1 After 


111 Before 
111 After 
IV Before 
IV After 


None 
Clofibrate 
None 
Phenobarbital 
None 
Halofenate 
None 
Placebo 


1 .0  i 0.1 8 0 . 4 r t 8 . 6  6 3 . 6 f . 4 . 2  2 7 . 2 r t 4 . 3  1 2 . 9 r t 3 . 5  7 . 3 f 2 . 1  
1 . 3 i 0 . 2  7 4 . 7 r t 3 . 8  5 3 . 4 r t 4 . 7  3 2 . 8 4 ~ 3 . 1  1 8 . 8 3 I 3 . 0  1 1 . 0 f . 3 . 9  
1 . 2 r t 0 . 2  8 0 . 2 r t 8 . 2  6 1 . 6 r t 8 . 0  3 1 . 8 r t 5 . 2  1 5 . 9 r t 4 . 7  1 3 . 1 r t 4 . 5  
0 . 6 r t 0 . 2 b  5 4 . 5 f 7 . 0  31.4316.1 1 3 . 2 3 I 3 . 6  6 . 7 r t 2 . 8  1 . 4 f 1 . 6  
1 . 2 r t O . 2  9 0 . 9 r t 7 . 5  6 5 . 7 r t 5 . 7  3 7 . 7 r t 1 3 . 4  2 2 . 0 3 I 9 . 2  1 2 . 4 r t 4 . 8  
1 . 3 3 I 0 . 4  8 8 . 8 r t 9 . 9  6 0 . 5 i 4 . 4  3 7 . 4 3 I l l . O  2 4 . 0 r t 9 . 7  1 3 . 5 f . 7 . 6  
1 . 2 i 0 . 5  9 0 . 3 r t 6 . 1  6 5 . 7 f . 7 . 7  3 8 . 2 r t 1 1 . 6  23 .6 iZ11.7  l l . 0 i 8 . 7  
1 . 3  3I 0.2 88.8 f 12.0 64.9 f 13.6 38.6 iZ 6.4 24.8 f 7.6 12.5 3I 4 . 9  


~~ 


a The half-life was estimated by means of a GE Mark I FORTRAN computer program. All values given are the mean f SD. For Group I, n = 4; 
for Group 11, n = 8 ;  for Group 111, n = 8; and for Group IV. n = 12. b Difference was highly significant (P < 0.001). All other t i / ?  values after treat- 
ment were not significantly different from pretreatment values. 


studies specifically designed to reveal possible clinical interactions 
between halofenate and the drugs used in this study are currently be- 
ing planned. 
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Rapid Gastric Absorption of Sodium Nitrite in Mice 


MARVIN A. FRIEDMAN*, ELLIOTT J. GREENEt, and SAMUEL S. EPSTEIN' 


Abstract 0 The concentration of available gastric sodium nitrite and 
the major pathways involved in its disappearance in mice following 
single administration were determined. At 10 min. after oral ad- 
ministration, 8 5 %  of the available sodium nitrite was lost from the 
mouse stomach. Ligation of the gastroduodenal junction had no 
effect on nitrite loss. Following 30 min. incubation in uitro, where 
loss of nitrite by absorption was prevented, there was 63% loss of 
sodium nitrite, of which 4Oz had been converted to sodium nitrate. 


Technological advances both in agriculture and food 
preservation have led to increased concern over intake 
of nitrite and nitrate salts (1). The primary toxicological 
response to these salts is methernoglobhernia. Nitrate 


The authors concluded that the major pathway of loss of available 
gastric nitrite is absorption directly from the stomach into the 
bloodstream. 


Keyphrases 0 Sodium nitrite-gastric absorption and metabolism, 
mice Nitrite/nitrate levels-sodium nitrite absorption, metabolic 
pathways, mice 0 Absorption, gastric-sodium nitrite, mice 


salts do not directly cause methemoglobinemia but 
rather are converted to  nitrite salts by gastric flora (1). 


Of perhaps greater significance than methemoglobi- 
nemia is the reaction of nitrite with secondary amines 
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the high dose group greater than the controls, but none of these 
differences was significant The differential count revealed a dose- 
related increase in percentage of segmented neutrophils (segs), but 
this difference was significant only for the high dose group. There 
was a significant reduction in percentage of lymphocytes for the 
two highest doses The percentage of eosinophils was increased in 
all treated groups, with the differences being significant for the low 
and high dose groups Other differential values did not show a 
dose-related trend and were not statistically significant (except 
that the low dose showed a significant reduction in bands but was 
not consistent with a dose-related response). These data are in- 
cluded in Table IX. 


An examination of organ to body weight ratios did not reveal any 
to be significant ( p  5 0.05) except in the high dose group, in which 
the ratio was less than for the controls for the brain but greater 
for the heart, kidneys, and liver. Although not all of the values 
were significant, there was an indication that the mean ratios for 
the heart, liver, and spleen increased with an increase in dose of 
epichlorohydrin. While the mean body weight of the high dose 
group at 12 weeks was 8.5% less than for the controls, the organ 
to body weight ratios for the heart, kidneys, liver, and spleen in 
the high dose group ranged from 29.1 to 38.1 % more than for the 
controls. On the other hand, the ratio for the brain of the high dose 
group was 27 less than for the controls. Thus, simple retardation 
in growth would not be expected to account for these differences 
(Table X). 
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Binding of CNS Active Drugs to the Peptide Bond: 
A Model System and Mode of Action Hypothesis 


P. R.  ANDREWS 


Abstract The effects of pentobarbital, bemegride, and trimetha- 
dione on the N M R  spectrum of formanilide show that when possi- 
ble the cis-isomer of the amide forms a doubly hydrogen-bonded 
complex with the drugs but the trans-isomer is favored for the for- 
mation of a single hydrogen bond. It is suggested that these CNS 
active drugs behave as molecular glues, linking together functional 
groups in protein molecules and thus opposing changes in protein 
conformation or association state. This hypothesis could account 
for the seemingly inconsistent structure-activity relationships of 
drugs with convulsant and anticonvulsant actions. 


Keyphrases 0 CNS drugs-hypothesis and model for binding to 
peptide bond Anticonvulsants--hydrogen binding to peptide 
bond, mode of action hypothesis Convulsants-hydrogen bind- 
ing to peptide bond, mode of action hypothesis 0 Hydrogen bond- 
ing-CNS drugs to peptide bond, hypothesis Structure-activity 
relationships--hypothesis for binding of CNS drugs to proteins 


N M R  spectroscopy--determination, hydrogen bonding of drugs 
to peptide bond 


Molecules of many structural types display anti- 
convulsant properties (l), but most drugs used clini- 
cally in epilepsy have similar structural features (2), 
which include two or more groups capable of forming 
hydrogen bonds. Molecular orbital calculations on 
24 drugs of the general structure I indicated that hydro- 


RL 


0 R t L o  I 
H 
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gen-bonding ability is similar for all such drugs (3). 
Cyclic hydrogen-bonded complexes have been ob- 


served between several barbiturates and a model com- 
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Table I-Effect of CNS Active Drugs on the cis-trans Isomerism of 
0.6  M Formanilide in Deuterated Chloroform 


900 800 


Figure I-Part of the 100-MHz. N M R  spectrum of 0.6 M formanilide 
measured in deuterated chloroform at 35". 


pound, 9-ethyladenineY and the complexes are stronger 
than those formed by self-association of either species 
(4). Similar complexes are formed ( 5 )  between 9-ethyl- 
adenine and P,P-disubstituted glutarimides, whose 
activity passes from convulsant to anticonvulsant as 
extra methylene groups are added (6); the strength 
of the association is the same for both convulsant and 
anticonvulsant drugs (5) .  It appears that hydrogen 
bonding is relevant to both types of activity, although 
the available results do not define a specific receptor 
in either case (5 ) .  Adenine itself, in the form of flavin 
adenine dinucleotide (FAD), has been suggested (7) 
as a receptor for the barbiturates, which could explain 
their inhibition of the respiratory chain (8). This view 
is in accord with the barbiturate inhibition of some 
flavoenzymes (9), but the alternative of direct action on 
respiratory apoproteins is favored by the fact that 
several nonflavoenzymes are also inhibited (9). On the 
same basis, binding to protein rather than adenine 
seems likely to mediate convulsant and anticonvulsant 
activities. 


The allosteric theory of drug action suggested by 
Changeux et al. (10) and Karlin (1 1) postulates that the 
influence of a drug is determined by its relative affinity 
for two conformational states of the receptor, where 
these two conformations are in equilibrium with each 
other and also with associated species. For drugs that 
act by hydrogen bonding, a simple model for this 


900 800 


Figure2-Part of the 100-MHz. N M R  spectrum of 0.6 M formariilide 
ptus 0.6 M peritobarbital measured in deuterated chloroform at 35". 


Mole 
Fraction 


Drug, of cis- [cis] 
0 . 6  M Isomer [trans] 


None 0 .53  1.13 
Pentobarbital 0.62  1.63 
Bemegride 0.57  1 .32  
Trimethadione 0.44 0 .79  


A h e m i d  Shifts- 
-cis-- --trans-- 
CH NH CH NH 


868 890 833 810 
872 924 842 822 
869 906 835 837 
868 -872 834 -826 


situation may be provided by formanilide, which in- 
corporates protein backbone hydrogen-bonding groups 
and is in equilibrium between the trans-configuration 
(11) and the cis-configuration (111) (12). As a result of 


CJ,, 
H ,N*O H 


I1 111 


various intermolecular associations, the position of this 
equilibrium is dependent on concentration (1  3) ; while 
at a given concentration, the bonding of a drug to either 
or both forms is reflected in a shift in the equilibrium. 
This note presents the results of a preliminary study of 
the interactions between formanilide and three CNS 
active drugs: pentobarbital (anticonvulsant sedative), 
bemegride (convulsant), and trimethadione (anticon- 
vulsant). 


EXPERIMENTAL 


Because of restricted rotation, the equilibrium between the cis- 
and trans-isomers of formanilide results in two sets of peaks for the 
protons bound to  the peptide bond (13). No further splitting occurs 
with the formation of intermolecular complexes, but their presence is 
reflected in the extent of the downfield shifts of the amino proton 
signals and the relative areas of the cis- and trans-peaks, which pro- 
vide a quantitative measure of the amount of each isomer present. 
The peak assignment (13) is shown in Fig. 1. 


NMR spectra were run on a spectrometer' equipped with a vari- 
able temperature probe. Deuterated chloroform was used as the sol- 
vent with tetramethylsilane as an internal reference. Spectra were re- 
corded for solutions of 0.6 M formanilide at various drug concentra- 
tions and temperatures. Representative of the results are the spectral 
data reported here for drug concentrations of 0.6 M, which are all 
mean values from several determinations at 35". 


RESULTS AND DISCUSSION 


The relevant portion of the NMR spectrum of 0.6 Mformanilide 
in deuterated chloroform is given in Fig. 1, and Fig. 2 shows how this 
spectral region is affected by 0.6 M pentobarbital. The influence of 
pentobarbital and the other two drugs is recorded quantitatively in 
Table I. 


The mole fraction of the cis-isomer in 0.6 M formanilide changes 
from 0.53 to  0.62 in the presence of 0.6 M pentobarbital. If no bind- 
ing occurred between the drug and the trans-isomer, this result would 
indicate that pentobarbital constrains 20% of the total formanilide 
to  the cis-configuration. However, downfield shifts of 34 and 12 Hz. 
for the NH proton signals show that both cis- and trans-isomers are 
bound to pentobarbital, so binding of the former isomer actually ex- 
ceeds 20% of the total amide concentration. The stability of the 
bound cis-isomer may be explained by postulating the formation of a 
series of doubly hydrogen-bonded complexes (e.g., 1V) with the 


1 Varian HA 100. 
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drug. as observed previously between 9-ethyladenine and barbitu- 
rates (4) or glutarmides (5 ) .  


n 


H 
IV 


Similar complexes appear to be formed between formanilide and 
ticmegridc (V), which at  0.6 Mleads to  an increased mole fraction of 
the cis-isomer despite strong downfield shifts which are indicative of 
c\tcn\ive bonding for both the cis- and trails-isomers. 


1)oubIy hydrogen-bonded complexes between formanilide and 
trimethadione (VI)  are not possible, but CPK models of possible 
interactions indicate that either isomer could readily form a single 
h>drogcn hond to the drug. However, at  a trimethadione concentra- 


H 
\’ 


t i o n  o f 0 . h  A I .  the mole fraction of cis-formanilide is reduced to 0.44, 
a n d  there i s  ii corresponding downfield shift in the tram N-H 
signal. The cis-peak i s  shifted to a higher field as a result of the de- 
crease in concentration of this isomer, suggesting that little or no 
honding occurs between the drug and the cis-configuration of the 
amide. The tmwisomer is thus strongly favored for formation of a 
single 1i)drogeii hond with trimethadione, providing further evidence 
t l i i i i  the ci\-cornplexes with pentobarbital and beniegride involve two 


d i  ogen bonds. The comparatively weak hydrogen bonding of the 
-proton I S  in agreement with the observation by Green (14) that 


the /mi.s-proton in formamide is favored by about 0.7 kcal./mole in 
t h e  t’hnation of hydrogen bonds to bromide ions2. 


The foregoing results demonstrate preferential binding of three 
(~‘NS act ive  drugs to the peptide bond, of which neither configura- 
i i o i i  d i o u l d  he ruled out as a possible site of action (15). However, if 
the present results are taken in conjunction with those for 9-ethyl- 
acleiiinc (1, 51, i t  becomes apparent that the drugs are capable of 
Iorniing strong hydrogen-bonded complexes with quite diverse 
\tructures. particularly if  two bonds can be formed simultaneously. 
Tlicrr C”S activity could, therefore, involve multiple hydrogen 
lionding at ii number of sites. Speculating on this basis, the author 
suggests that the barbiturates and related drugs may act on proteins 
(or o i l i e r  macromolecules) by linking together two or more hydro- 
pen-liond-forming functional groups from chemically distinct por- 
t ions of a protein molecule, or from two separate protein molecules, 
a n d  thus stabilize a specific conformation or association state. The 
cx iucncc  01’ many suitable and influential binding sites of this type 
may he anticipated if changes in protein conformation or association 
stiitc participate in transmitter release or membrane depolarization, 
i n  the action of enzymes concerned with membrane transport or 
rransmitter destruction, Tr in the enzyme systems controlling carbon 
diox ide or other metabolite levels. The ability to  occupy such sites 
would depend o n  the nature, size, and shape of the substituent 
g i - o ~ i p ,  so thc activity of an individual drug would result from the 
summation of the convulsant and anticonvulsant effects of bonding 
to ;I large number of receptors. If this is the case, the drugs may be 
\ i i i i p l >  described as molecular glues. displaying a multicomponent 
:ict ion which i s  relatively insensitive to structural modifications. 


t3y contrast, since each receptor is likely to  be structurally specific, 
hinding to a single site may occasionally dominate the overall ac- 
t i v i t y  o f  a drug. so small structural changes could produce com- 
piuntls t h a t  exhibit quite different activity. Thus, for example, 


Thc hromidc ion has both sedative and anticonvulsant actions (2). 


Table 11-Examples of Substituent Effects on Anticonvulsant Action 


Drug 


~ ~ 


Ref- 
Activity erence 


5,s-Diethyloxazinedione 
5,5-Diisopropyloxazinedione 
3-Methyl-5,S-diethyloxazinedione 
3-Methyl-5,5-diisopropyloxazine- 


P-Methyl-P-ethylglutarimide 
p-Methyl-P-n-propylglutarimide 
p-Methyl-P-n-butylglutarimide 
N-Ethyl-&methyI-l)-eth yl- 


N-Ethyl-8-methyl-0-n-butyl- 


5-Ethyl-5-( 1-methy1butyl)barbituric 


5-Ethyl-5-(,l,3-djmethylbutyl)- 


dione 


glutarimide 


glutarimide 


acid 


barbituric acid 


Convulsant 17 
Anticonvulsant 17 
Anticonvulsant 17 
Anticonvulsant 17 


Convulsant 18 
Dual action 18 
Anticonvulsant 18 
Dual action 6 


Dual action 6 


Anticonvulsant 19 


Convulsant 19 


N-alkylation might have little effect if the dominant action of a drug 
were the linkage of amine hydrogens, but it would drastically alter 
activity if a favored site involved bonding to  a carbonyl group. As it 
happens, such dichotomies occur among the experimentally ob- 
served structure-activity relationships of the barbiturates and simi- 
lar drugs, including the following three examples related to their 
convulsant and anticonvulsant actions. 


1. The activities of a series of anticonvulsants were correlated with 
n-octanol-water partition coefficients alone (16), but very slight 
changes in substituent groups can result in dual action (6) or convul- 
sant activity (6, 17, 18). Some examples are given in Table 11. 


2. N-Alkylation often has little effect on activity [sometimes be- 
cause of demethylation in the liver (19)]. but it can cause signifi- 
cant activity differences (6) (Table 11). 


3.  Some pairs of optical isomers display the same activity (20), 
but others antagonize each other (21). 


Although speculative in nature, the hypothesis that the drugs act 
as molecular links opposing changes in protein conformation or as- 
sociation state is thus in accord with the otherwise inconsistent struc- 
ture-activity relationships of convulsant and anticonvulsant com- 
pounds. It attributes these to  a diversity of suitable receptor sites, 
which follows naturally from the capacity of the barbiturates and re- 
lated drugs, possibly including the bromide ion, t o  form multiple 
hydrogen bonds, The hypothesis is also consistent with the observa- 
tion that several modes of action may contribute to anticonvulsant 
properties (22) and with the variety of neural effects observed for 
both convulsant (21) and anticonvulsant (23) drugs. It could also 
account for other physiological actions of the barbiturates. 


Several approaches which provide a satisfactory means of testing 
this general hypothesis are being undertaken in conjunction with a 
study of preferred drug conformations, and the present work will be 
extended to define the thermodynamic and geometric properties of 
the drug-amide complexes. 
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Kinetics and Mechanisms of Monolayer Interactions I: 
Cetyl Sulfate and Cetrimonium Ions Interacting with 
Dipalmitoyl Lecithin and Dipalmitoyl Glycerol 


FEDERICO A. VILALLONGA’, EDWARD R. GARRETT, and MARCELINO CEREIJIDO* 


Abstract 0 The interaction of cetyl sulfate and cetrimonium (cetyl- 
trimethylammonium) ions with dipalmitoyl lecithin and dipalmitoyl 
glycerol monolayers spread at the airlwater interface was followed 
by the variation of the surface pressure and surface potential. The 
kinetics and the finalequilibrium varied with the nature of the injec- 
ted surfactant. An approximative method was devised to calculate 
the energies of activation, which are comparable with others obtained 
on a classical thermodynamic basis for cetyl alcohol monolayers 
interacting with sodium lauryl sulfate. The presence of the phospho- 
ryltrimethylethanolamine group in the dipalmitoyl lecithin molecule 
decreases to some extent the interaction with cetyl sulfate and ce- 
trimonium ions. The values of the energies of activation obtained 
indicate that the ionic groups of the polar moiety of dipalmitoyl 
lecithin are not equivalent in the perturbation that an attached 
hydrocarbon chain produces in the surface pressure of the mono- 
layer. This difference may be explained by the different mobilities 
that a hydrocarbon chain would have when attached to one or the 
other ionic attraction centers because of the unrestricted movement 
of the positively charged trimethylammonium group around the 
phosphate linkage of the dipalmitoyl lecithin. Some implications 
of this observation to microstates of biomembranes are suggested. 


Keyphrases 0 Cetyl sulfate and cetrimonium ions-interactions 
with dipalmitoyl lecithin and dipalmitoyl glycerol monolayers, 
kinetics, mechanisms 0 Monolayers, dipalmitoyl lecithin and 
dipalmitoyl glycerol-interactions with cetyl sulfate and cetri- 
monium ions, kinetics, mechanisms 0 Phospholipid monolayers- 
interaction with long-chain surfactants, kinetics, mechanisms 
Surfactants, long chain-interaction with phospholipid monolayers, 
kinetics, mechanisms 


~~ 


The interaction of an insoluble monolayer spread at  
an interface with a soluble surface-active species in- 
jected in the subphase has been termed monolayer pene- 
tration (1-4). This interaction presents two aspects: 
the kinetics of approach to and the resultant equilibrium. 
The equilibrium has been studied from the two formally 
different aspects of the application of a modified Gibbs 
adsorption equation (5, 6 )  and the postulation of an 


osmotic equilibrium (7) between two presumed phases: 
dissolved surfactant in the bu!k solution and surfactant 
molecules already penetrated into the monolayer. 


Monolayers of dipalmitoyl lecithin at  the air/water 
interface may be considered as suitable models to use 
in the study of certain properties which can be associated 
with the outer lipidic layer of cell membranes. For ex- 
ample, the discrimination in their interaction with 
monovalent cations such as sodium and potassium is 
similar to that exercised by the phospholipids that form 
the epithelial cell membrane (8-1 1). 


The present study was carried out on the premise 
that the kinetics and the mechanisms of the interaction 
of phospholipid monolayers with ionic long-chain sur- 
factants may yield useful information to further the 
understanding of the role of phospholipids in the cell 
membrane and in drug absorption. 


EXPERIMENTAL 


Reagents-Dipalmitoyl lecithin’ was chromatographically homo- 
geneous by TLC (12). The dipalmitoyl glycerol’ was known to be a 
mixture of 1,2- and 1,3-isomers. Sodium cetyl sulfate’ and cetrimo- 
nium bromide2 gave no minima in the curves of surface tension 
against the logarithm of concentration. 


Deionized and triple-distilled water was used throughout. Its 
pH after air equilibration was consistently between 5.6 and 6.0, 
and its surface tension was always, in approximately 200 experi- 
ments, between 99.8 and 100.2% of the value calculated from the 
Harkins equation (1 3). The air/water interfacial potential was 
-470 inv. (=t 20 mv.). The hexanes2a3 were spread (0.2 ml.) on 
42.56 cm.2 of air/water interface and gave no significant variation 
on the surface tension of water (less than 0.02 dyne cm.-l). 


1 Mann Research Laboratories, Orangeburg, N. Y. 


3 Spectroquality, Matheson, Coleman and Bell, East Rutherford, N. J. 
Eastman Kodak, Rochester, N. Y. 
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Renal Contribution to Overall Metabolism of Drugs 111: 
Metabolism of p-Aminobenzoic Acid 


SUK HAN WAN*, BERND VON LEHMANNt, and SIDNEY RIEGELMAN' 


Abstract 0 The metabolic processes involved in the conversion of 
p-aminobenzoic acid to p-acetamidobenzoic acid, p-aminohippuric 
acid, and p-acetarnidohippuric acid in the rabbit were reanalyzed. 
The contribution made by the kidney to the overall metabolism 
was estimated from analysis of clearance data. 


Keyphrases .Q p-Aminobenzoic acid-metabolism, disposition 
kinetics, reevaluation of contribution of kidney to clearance c] p- 
Acetamidobenzoic acid as p-aminobenzoic acid metabolite-renal 
metabolism and clearance, apparent clearance, role of kidney 
reevaluated 0 p-Aminohippuric acid as p-aminobenzoic acid 
metabolite-renal metabolism and clearance, apparent clearance, 
role of kidney reevaluated 0 p-Acetamidohippuric acid as p-amino- 
benzoic acid metabolite-renal metabolism and clearance, ap- 
parent clearance, role of kidney reevaluated 0 Drug metabolism- 
role of kidney in p-aminobenzoic acid metabolism reevaluated 
from analysis of clearance data 


p-Aminobenzoic acid occurs widely in nature and 
has been the subject of much interest since the discovery 
that it antagonizes the action of sulfonamides. It 
is also a component of folk acid. The compound is 
known to be metabolized by a number of pathways, the 
major ones being acetylation to p-acetamidobenzoic 
acid and conjugation with glycine to p-aminohippuric 
acid. There is also evidence that p-aminohippuric acid 
is further acetylated to  form p-acetamidohippuric acid 
in some species (1) (Scheme I). One can also postulate 
conversion of p-acetamidobenzoic acid to p-acetamido- 
hippuric acid. 


It was observed that in patients with advanced liver 
disease, the capacity for acetylation of p-aminobenzoic 
acid and sulfadiazine was not correspondingly di- 
minished. This situation was taken to infer that acetyla- 
tion was not an exclusive function of the liver and that 
other tissues may have metabolizing activity ( 2 ) .  
In vitro evidence of acetylation in tissues of the GI 
tract and kidney has been reported in man ( 3 )  and in 
animals (1, 4, 5) .  Frindt and Vial (6)  studied the con- 
jugation of p-aminohippuric acid and acetate by human 
kidney cortex and liver slices, and they found that the 
kidney showed an acetylating activity in the case of 
p-aminohippuric acid of 0.253 f 0.023 pM/hr./g. of 
wet tissue as compared to 0.123 * 0.015 pM/hr./g. for 
the liver. Acetylating and demethylating activities have 
both been shown in perfused kidney, brain, and uterine- 
placental-fetal preparations (7-9). 


The aminobenzoic acids, especially the 0- and p -  
isomers, occur widely in nature, but their fate in 
animals has been only randomly studied. Knoefel 
et al. (10) described the formation of the hippurate and 
glucuronide in rabbits. p-Aminobenzoic acid was 
administered by a constant intravenous infusion at the 
rate of 0.1 mM/kg./hr., and the fraction of the dose 
excreted as p-aminohippuric acid and the benzoyl 


glucuronide was 9 and 4 %, respectively. p-Amino- 
benzoic acid is known to be acetylated in vitro in both 
liver and kidney tissues (1 1-13). p-Aminohippuric acid 
is also known to be acetylated in some animals in- 
cluding the rabbit (5, 17). It was decided that p-amino- 
benzoic acid would be an interesting compound for 
study in an attempt to  ascertain the contribution of the 
kidney to metabolism. In initial studies it was found 
that the major metabolite was the acetyl conjugate, 
p-acetamidobenzoic acid. 


EXPERIMENTAL 


Intravenous Study-A 50-mg. sample of tritiated p-aminobenzoic 
acid, specific activity 14.3 pc./mg., was administered to a 3.7-kg. 
rabbit intravenously. Total urine was collected with an indwelling 
catheter (Foley) for 6 hr. A 2 0 4 .  sample of the urine was spotted 
onto thin-layer plates and developed in a benzene-p-dioxane- 
acetic acid solvent system (90:75:8). Radioscan of the plates 
located the metabolites. Blood samples were obtained at 5, 10, 
15, 20, 30, 45, 60, 75, 90, 120, 150, 180, 210, and 240 min. after 
the injection. 


Animal Preparation-Both ureters and the left and right marginal 
ear veins of a male New Zealand white rabbit were cannulated 
under barbiturate anesthesia. The infusion experiment was com- 
menced after at least 16 hr. recuperation. 


Infusion Studies-The format for the study of renal metabolism 
of p-aniinobenzoic acid was similar to that for benzoic acid and 
salicylic acid reported earlier (14, 15). It was initially decided that 
the biotransformations of interest were the conjugations to p- 
acetamidobenzoic acid and p-aminohippuric acid. Therefore, the 
experiment was designed to serve this purpose. However, it was 
found that a significant fraction of infused p-aminohippuric acid 
was further acetylated to p-acetamidohippuric acid, and some 
deductions for this reaction have been made from the available 
data. 


The first stage of the experiment involved an infusion of the 
metabolites, p-aminohippuric acid and p-acetamidobenzoic acid, 
to reach conditions of steady state. The renal clearance of each 
metabolite was determined. During the second stage of the infusion 
experiment, tritiated p-aminobenzoic acid was infused to five 
steady-state concentrations and plasma and apparent clearances 
for p-aminohippuric acid and p-acetamidobenzoic acid were again 
determined. The constancy of renal clearance was monitored by 
observing the ratios of the rate of excretion of cold metabolites, 
labeled metabolites, and unchanged drug at each infusion rate. 
Under conditions when renal clearance is a constant, the observed 
excretion ratio of cold to labeled compounds should be the same 
as the infusion ratio of cold and labeled compounds. 


The p-aminohippuric acid and p-acetamidobenzoic acid infusion 
solution was prepared by dissolving 600 mg. of each compound in 
88 ml. saline. This solution was infused at a rate of 500 mcg./min. 


p-acetamidobenzoic acid 
\ 
\ 
\ 
\ 
\ 
\ 


/ 
\ \ .  


p-aminobenzoic acid 


p-aminohippuric acid +p-acetamidohippuric acid. 
Scheme I-Metubolic putliwuys of p-urnitiobenzoic acid 
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Table I-Pharmacokinetic Parameters Obtained after Intravenous Administration of 50 mg. p-Aminobenzoic Acid to the Rabbit 


( QPt,  
Dose, mg. A, mcg. mI.-l B, rncg. ml.-l Cpo, mcg. d . - l  (Y, min.-l p, min.-1 ml. rnim-1 V,,, ml. 


50 24.5 2 . 1  26.6 0.048 0.0044 51 1880 


Table 11-Steady-State Plasma Concentrations and Rates of Excretion of p-Aminobenzoic Acid and Metabolites 
during Infusion in the Rabbit 


Sequential C,, mcg. mL-l . -  AA/At, mcg. min.-l* 
Period of p-Amino- p-Acetamido- p-Amino- p-Acetamido- p-Amino- p-Acetamido- p-Amino- p-Acetamido- 
Infusion0 benzoic Acid benzoic Acid hippuric Acid hippuric Acid benzoic Acid benzoic Acid hippuric Acid hippuric Acid 


0 0 26 9 . 4  9 . 3  0 416 328 91 
2 1 . 3 3  32.6 9 . 8  14.7 0 544 381 154 
3 1.24 33.7 9 . 6  15.0 0 684 405 158 
4 3 .0  37.0 10.8 16.9 0 764 425 183 
5 5 . 9  40.0 10.6 20.4 0 919 455 22 1 


The initial period of p-aminobenzoic acid infusion did not reach steady state and is not included in this table. * A constant infusion of 500 mcg. / 
min. of both p-acetamidobenzoic acid + p-aminohippuric acid was maintained throughout the experiment. 


The half-lives of p-aminohippuric acid and p-acetamidobenzoic 
acid are expected to be in the same range of magnitude as 
hippuric acid, which was 10-21 min. in the three animals studied. 
It was assumed that 60 min. was sufficient for p-aminohippuric acid 
and p-acetamidobenzoic acid to reach steady state, after which 
time blood and urine samples were obtained. The p-aminobenzoic 
acid solution was prepared by dissolving 400 mg. tritiated p- 
aminobenzoic acid (specific activity 29.2 pc./mg.) in 80 ml. saline. 
An initial priming dose was given followed by infusion rates of 
93, 131 ,  182.5, 358, and 502 mcg./min. for 2 hr. at each infusion 
rate. Half of eich plasma sample was used for the Bratton-Marshall 
analysis, and the remaining half was used in the determination of 
radioactivity. All urine samples were analyzed by scintillation 
counting and by the Bratton-Marshall procedure. 


Analytical Methods-Analysis OJ p-Amitiobenzoic Acid, p- 
Acetamidoberizoic Acid, p-Aminohippuric Acid, and p-Acetamido- 
hippuric Acid in Plasma-The Bratton-Marshall (16) method was 
used for the analysis of p-aminobenzoic acid and its metabolites. 
p-Aminobenzoic acid and p-acetamidobenzoic acid were separated 
from p-aminobenzoic acid and p-acetamidohippuric acid by a 
modified version of the partition fractionation method of Cohen 
and McGilvery (17). The extraction procedure for plasma was as 
follows. One milliliter of plasma was diluted to 2 ml. with distilled 
water. Then 1.0 ml. of 0.61 M trichloroacetic acid was added to 
precipitate plasma proteins. The mixture was centrifuged for 10 


50 c 


0.3 1 I 1 f I I 
0 100 200 


MINUTES 


Figure 1-Plasma coticentration-time curve obtained after intravenous 
administration of 50 mg. p-aminobenzoic acid to the rabbit. 


min., and 2.2 ml. of the supernate was removed for extraction. 
To the supernate was added 0.6 ml. 0.61 N sodium hydroxide 
and 2.2 ml. Sorenson citrate buffer, pH 4.0. The solution was 
extracted three times with 10-ml. portions of anhydrous reagent 
grade ether to extract p-aminobenzoic acid and p-acetamidobenzoic 
acid into the ether phase, leaving the hippurates and glucuronides 
in the aqueous phase. 


There was some extraction of p-aminohippuric acid into the 
ether layer, which averaged 18 & 2%. The p-aminohippuric acid 
data were, therefore, corrected for this extraction factor. The 
extraction of p-aminohippuric acid into the ether phase only 
affects the determination of p-aminobenzoic acid concentrations. 
Since paminobenzoic acid was tritiated, the absolute values of 
p-aminobenzoic acid could be checked by TLC and scintillation 
counting. The ether extract was evaporated under a stream of 
nitrogen in a 40-50" water bath. The residue was dissolved in 
5-ml. distilled water, pf which 2.5 ml. was removed for deter- 
mination of p-aminobenzoic acid by the Bratton-Marshall method. 
To the remaining 2.5 ml. was added 0.5 ml. 6 N hydrochloric 
acid. The test tube was capped and heated at 100" for 30 min. to 
hydrolyze p-acetamidobenzoic acid to p-aminobenzoic acid. The 
Bratton-Marshall analysis was applied to the hydrolysate. The 
aqueous layer was divided into two fractions. One portion was 
analyzed for p-aminohippuric acid. The second fraction was 
hydrolyzed for determination of p-aminohippuric acid and p 
acetamidohippuric acid. Acid hydrolysis of p-acetamidohippuric 
acid and p-acetamidobenzoic acid was found to be complete after 
30 min. at 100". p-Acetamidobenzoic acid and p-acetamidohippuric 
acid were thus determined by the difference method. 
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Figure 2-Rate of formation of p-acetamidobenzoic acid by the liver 
and kidney ac various plasma concentrations of p-aminobenzoic acid 
in the rabbit. Key: @, liver; and +, kidney. 
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Table III--( vC&Y and ( v&,p. of Metabolites 
of p-Aminobenzoic Acid 


p- Acetamidobenzoic 18.3 16.7 20.2 20.6 22.9 


p- Aminohippuric 35 38.8 42.1 39.3 42.9 


pAcetamidohippuric 9 .8  10.4 10.5 10.8 10.8 


acid 


acid 


acid 


a These values were calculated under the initial infusion conditions 
when no p-aminobenzoic acid was infused. 


Table IV-K,,, and V,,,. Values Obtained from the Woolf Plot 


Kmr Vmax., 
Metaboliz- mcg./ mcg. 


Metabolite ing Organ ml. min.-1 r 


p-Acetamidobenzoic Liver 2 .0  345 0.75 
acid Kidney 6 . 0  333 0.99 


p-Aminohippuric acid Liver - - -a 


Kidney 2.1 112 0.90 
~~ 


a Too scattered to fit. 


Analysis of p-Arninoberrzoic Acid and Metabolites in Urine-The 
procedure for urine analysis was similar to that described for 
plasma. Samples were diluted to  an estimated concentration of 
10-40 mcg./ml. before extraction. A summary of the Bratton- 
Marshall procedure for primary aryl amines follows. The aqueous 
sample was acidified with 0.5 ml. 6 N hydrochloric acid, and 0.4 
ml. of a 0.1 % sodium nitrate solution was added and allowed to 
stand 3 min. Then 0.4 ml. of a 0.5% solution of ammonium sulfa- 
mate was added, mixed, and allowed to stand 2 min. Then 1.2 ml. 
of N-naphthylethylenediamine hydrochloride, 0.1 x, was added. 
After standing for 5 min. or more, the solutions were read at  
545 nm. on a spectrophotometerl. 


Analysis of Tritiated p-Aminobenzoic Acid and Metabolites in 
Plasma and Urine-The protein in 0.2-0.5 ml. plasma was pre- 
cipitated by the addition of 50-100 pl. of 0.61 M trichloroacetic 
acid. After centrifuging, a known aliquot was spotted on  silica gel 
plates and developed in a benzene-p-dioxane-acetic acid (90 :75 : 8) 
system. The compounds were visualized by UV fluorescence, 
located by radioscan, and manually scraped off the plates. For 
scintillation counting, the scrapings were placed in 30-ml. vials and 
10 ml. of cocktail was added. The vial was capped and shaken for 
15-20 min. on a shaker. A liquid scintillation counter2 was used 
under the following conditions: window, 50-1ooO; and gain, 50%. 
The efficiency of counting was determined by the internal standard 
method. Plasma samples which had not been subjected to the 
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Figure 3-Rate of formation of p-aminohippuric acid by the liver and 
kidney at various plasma concentrations of p-aminobenzoic acid in the 
rabbit. Key: @, liver; and 4, kidney. 
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2 Packard Tri-Carb, model 3003. 
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Figure 4- Woolfplot for the kinetics of biosynthesis of p-acetamido- 
benzoic acid during itifitsion of p-aminobenzoic acid in the rabbit. Key: 
4, liver: and @, kidney. 


TLC process were counted to  determine total radioactivity. The 
elution of compounds from silica gel scrapings averaged 60 f 8% 
for plasma samples. 


The procedure for urine was similar to that described for plasma. 
The protein precipitation step was omitted. Two-microliter samples 
of urine were spotted directly onto silica gel plates. The elution of 
compounds from silica gel scrapings was more complete in urine; 
9&100% of the radioactivity could be recovered. 


RESULTS AND DISCUSSION 


Radioscan of urine spotted on silica gel plates showed that the 
component with the highest activity, estimated to be 4MOz of 
total activity, had an R ,  of 0.33, which corresponded to the R/  of 
p-acetamidobenzoic acid. Other radioactive components had RJ 
values of 0.08 and 0.03 and corresponded to those of p-amino- 
hippuric acid and p-acetamidohippuric acid, respectively; they 
were therefore dealt with as one substance. A very negligible 
fraction of the dose was excreted as p-aminobenzoic acid, which 
had an Rf of 0.47. A small quantity of glucuronides is possibly 
included in the p-aminohippuric acid fraction. However, no attempt 
was made to identify them since the metabolites of interest were 
p-acetamidobenzoic acid, p-aminohippuric acid, and p-acetamido- 
hippuric acid. 


The plasma concentration-time curve is shown in Fig. 1, and 
the calculated parameters were tabulated in Table I. The half-lives 
of LY and p were 14.5 and 157 min., respectively. The half-life of 
elimination was 26 min., and the V ,  of 1800 ml. is comparable to  
that of benzoic acid. 


The half-life for p, estimated from the intravenous injection of 
p-aminobenzoic acid in the initial rabbit studied, was used for the 
estimation of rates of infusion in the second animal. However, it 
appears that the rate of metabolism of p-aminobenzoic acid pro- 
ceeds a t  a higher rate in the animal used for the infusion experiment, 
resulting in lower plasma concentrations than expected. Also, 
except for the lowest infusion rate of p-aminobenzoic acid of 
93 mcg./min., all other rates of infusion were carried to steady 
state. Data for the first rate of infusion were, therefore, not con- 
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Figure 5- Woolf plot for the kinetics of biosynthesis of p-amino- 
hippuric acid during in fusion of p-aminobenzoic acid in the rabbit. 
Key: @, liver; and 4, kidney. 
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Table V-Contribution of Liver and Kidney to Total Body Metabolism of pAcetamidobenzoic Acid and 
p-Aminohippuric Acid in the Rabbit 


Percent of Dose Percent of Dose 
C, p-Amino- Percent p-Acetamidobenzoic Acid Excreted as Percent p-Aminohippuric Acid Excreted as 
benzoic Acid, Formed by - p-Acetamidobenzoic I Formed by - p-Aminohippuric 


mcg. ml.-I Kidney Liver Acid Kidney Liver Acid 


1.33 
1.24 
3.00 
5.90 


0 
32.4 


100 
67.6 


30.2 69.8 
42.2 57.8 


39.7 73.6 26.4 28.5 
87.2 90.9 9 .1  29.8 
61.6 49.6 50.4 19.1 
67.5 67.0 33 .O 17.9 


sidered further. During the infusion of p-acetamidobenzoic acid 
and p-aminohippuric acid at 500 mcg. of each per minute, it was 
found that the output of p-acetamidobenzoic acid was approxi- 
mately equal to the rate of input; i.e., the infused p-acetamido- 
benzoic acid could be quantitatively recovered from urine. How- 
ever, only 66% of the infused p-aminohippuric acid could be 
recovered intact (Table 11). Material balance was achieved when the 
Bratton-Marshall procedure was carried through acid-hydrolyzed 
urine samples. A significant increase in spectrophotometric absorb- 
ance was also obtained with plasma samples after hydrolysis. 
TLC indicated that the acid-hydrolyzable fraction was probably 
p-acetamidohippuric acid. This would explain the increase in 
absorbance, because p-acetamidohippuric acid yields p-amino- 
hippuric acid after acid hydrolysis. 


The contribution of the kidney to overall metabolism was 
assessed by analyzing renal clearance and apparent clearance data 
as discussed previously (14). 


Table 111 includes a summary of clearance data obtained from the 
infusio? study. The plasma clearance of p-acetamldobenzoic 
acid ( V&, which in this case is its renal clearance, ( V&, since 
it is not metabolized further, was calculated to be 18.5 ml./min. or 
4.1 ml./min./kg. The higher p-aminohippuric acid clearance was due 
in part to metabolic clearance, while the plasma clearance of 
p-acetaniidobenzoic acid was essentially equivalent to its renal 
clearance. The data listed in Table I11 were, of course, calculated 
from values in Table 11. While 95% of infused p-acetamidobenzoic 
acid was recovered in the urine, only 6 6 z  of the p-aminohippuric 
acid was recovered. It is likely, therefore, that the p-aminohippuric 
acid is the major source for the p-acetamidohippuric acid found in 
the blood and recovered in the urine. This, of course, means that 
( V c J P ~  for p-aminohippuric acid represents both metabolic and 
renal clearance. It should be once again noted that plasma clearances 
for p-acetamidobenzoic acid and p-aminohippuric acid are lower 
than the expected clearance values for these compounds. The low 
clearance, as in the case of the benzoic acid and salicylic acid 
experiments, could be due to ischemia and a reduced blood flow to 
the kidneys from back-pressure building up in the catheters. 
However, the apparent clearance of both p-aminohippuric acid 
and p-acetamidobenzoic acid increased during infusion of p -  
aminobenzoic acid, indicating renal conversion of p-aminobenzoic 
acid to p-aminohippuric acid and p-acetamidobenzoic acid. The 
apparent clearance of p-acetamidohippuric acid also increased to 
a small extent. Unfortunately, these low clearance values were 
seen in all studies to date and steps are being taken to eliminate 
the experimental deficiency. It undoubtedly affects the absolute 
values of metabolism and clearance. It is conjectured, however, 
that the percent of dose metabolized by the kidney would have been 
higher if renal blood flow had not been impaired. 


Table VI-Comparison of Infusion Ratios of Nonlabeled and 
Labeled Compounds to Their Excretion Ratios 


Cold Input" Cold Outputb 
Level of 
Infusion Hot Input Hot Output 


2 
3 
4 
5 


5.6 
4.1 
2.1 
1 . 5  


5 . 3  
4.7 
2.5 
1.8 


~~ 


a Calculated from infusion rates. * Calculated from experimental 
excretion data. 


An estimation of the rates of metabolism for each metabolite and 
the contribution of the kidney as compared to total body metabo- 
lism was made. While the maximum rates of metabolism hadnot been 
reached for the systems, the plots of dM/dr against C,  p-amino- 
benzoic acid showed that the kinetics resembled Michaelis-Menten 
kinetics (Figs. 2 and 3). A similar plot for p-acetamidohippuric 
acid formation was not carried out. The substrate for p-acetamido- 
hippuric acid formation can be derived from two sources, p-amino- 
hippuric acid and p-acetamidobenzoic acid, and unless the contri- 
bution of each substrate is known, a plot of (dM/dr)p-aminohippuric 
acid against substrate concentration would be difficult to interpret. 


The data were treated according to Woolf's linearizing procedure 
for enzymatic reactions (Figs. 4 and 5). The K ,  and V,,,. values 
were obtained from the slope and intercept of the regression lines 
(Table IV). The kidney showed a relatively high V,,,. for both p-  
acetamidobenzoic acid and p-aminohippuric acid, although initially a 
larger percentage ofthe metabolites was formed in the liver (Table V). 
At low plasma concentrations of p-aminobenzoic acid, the fraction 
of the dose excreted as p-acetamidobenzoic acid, p-aminohippuric 
acid, and p-acetamidohippuric acid totaled almost 100%. As 
plasma p-aminobenzoic acid concentration increased, however, 
the fraction excreted as the acetyl and glycine conjugates dropped, 
and only 71 was excreted as these conjugates at a p-aminobenzoic 
acid concentration of 5.9 mcg./ml. It is probable that glucuronic 
acid conjugates are also formed, but no attempt was made to 
ascertain the amount present. 


Renal clearance in this experiment was presumed to be constant 
for all compounds under study. This has some basis of validity 
since the infused ratio of labeled to nonlabeled compounds was 
comparable to the excretion ratio of these two chemical species at 
all rates of infusion (Table VI). This is being investigated further 
using the double-label isotope technique. 


In summarizing, it can be said that p-aminobenzoic acid admin- 
istered intravenously to the rabbit is excreted mainly as the acetyl 
conjugate, p-acetamidobenzoic acid. Smaller amounts of p-amino- 
hippuric acid and p-acetamidohippuric acid are formed. The 
p-aminohippuric acid that is infused or formed by metabolism 
can be further acetylated to p-acetamidohippuric acid. It is possible 
that p-acetamidobenzoic acid is further metabolized to p-acetamido- 
hippuric acid, but the magnitude of the reaction was not suffi- 
ciently large to be detectable. Note that in Table V, at Levels 2 
and 3, 90 and 84% of the dose were excreted as p-acetamidobenzoic 
acid, while the total of p-acetamidohippuric acid and p-amino- 
hippuric acid combined did not exceed 8 %. 


In the animal studied, 3&40% of the acetylation to p-acetamido- 
benzoic acid occurred in the kidney. Seventy percent of the p-  
aminohippuric acid was formed in the kidney, and only 10-5OZ 
was formed in the liver. However, these results are very dependent 
upon a delineation of the sources of p-acetamidohippuric acid. It 
may be possible to clarify this in the future by administration of 
tritiated p-aminobenzoic acid at varying levels and a concomitant 
constant infusion of p-acetamido-14C-benzoic acid. An analysis of 
the two radioisotopes could determine the contribution of p-  
aminohippuric acid and p-acetamidobenzoic acid to the formation 
of p-acetamidohippuric acid. 
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Characterization of Adjuvant Mineral Oils 


H. J. O’NEILL*A, T. N. YAMAUCHI*, P. COHENt, and M. C. HARDEGREEt 


Abstract 0 Analysis of two lots of mineral oil indicated the overall 
composition to be quite similar with two major hydrocarbon 
ranges: a low range from Cl4 to Go with a maximum at C16 and a high 
range from GO to CJ0 with a maximum at Ga. The low range 
components represented 40.8 and 49.3 wt.x of Lots Q-9 and Q-lo, 
respectively. Urea fractionation of the paraffin-naphthene fraction 
from silica gel chromatography yielded 28.2 and 28.8 wt. for Lots 
Q-9 and Q-10, respectively. The nonadductable material consisted 
of highly branched and cyclic structures containing up to four- 
ring systems. The total butyl phthalate content in Lots Q-9 and 
Q-10 was 13.2 and 7.0 p.p.m., respectively, with the ratio of mono- 
butyl phthalate to  dibutyl phthalate being 9 : l .  No evidence was 
found to indicate the presence of polynuclear aromatic hydro- 
carbons. 


Keyphrases 0 Mineral oils, adjuvant-separation, UV and mass 
spectrometry characterization 0 Phthalate esters-identification 
in adjuvant mineral oils 0 Adjuvant mineral oils-separation, 
UV and mass spectrometry characterization 0 GC-separation 
of mineral oil components UV spectrophotometry-charac- 
terization of mineral oils Mass spectroscopy-characterization 
of mineral oils 


Mineral oil1 for adjuvant use is a light oil consisting 
of a blend of oleum-treated charge stocks (1) and, along 
with the emulsifier mannide monooleate*, constitutes 
Freund’s incomplete adjuvant preparation (2). This 
adjuvant has found widespread experimental use over 


Drakeol 6VR mineral oil manufactured by the Pennsylvania 
Arlacel A. Atlas Chemical Industries, Wilmington, Del. 


Refining Co., Butler, Pa. 


the years for enhancing antibody responses to viral 
and bacterial antigens and for hyposensitization of 
certain allergic individuals ( 3 ) .  Recently, the safety of 
this adjuvant for use in humans has been questioned 
due to the long-term persistency (4, 5) of the mineral 
oil in the tissue at  the injection site and because of 
various pathological changes which have been observed 
in experimental animals and man ( 3 ,  6-8). In view of 
these findings as well as those of others relating to 
either the carcinogenic or cocarcinogenic properties 
of mineral oils in general (9-1 l), an analytical study was 
initiated. 


EXPERIMENTAL 


Materials-Two commercial lots of mineral oil (Lots Q-9 and 
Q-10) were obtained from the manufacturer and consisted of three 
basic charge stocks representing 61, 31, and 8% of the total oil3. 
Column chromatography was conducted employing silica gel4 
(mesh 60-200) and alumina6 (chromatographic grade F20). All 
solvents were reagent grade and were distilled before use. 


Column Chromatography-Mineral oil, Lot Q-9, was chroma- 
tographed over silica gel as the first step in the overall fractionation 
procedure (Scheme I). For this separation, 300 g. of mineral oil was 
dissolved in 500 ml. petroleum ether (30-60”) and introduced over 
1140 g. of silica gel. The column was eluted sequentially with 
petroleum ether, benzene, and absolute methanol. Alumina chro- 
matography of the derived benzene fraction was carried oul by 


3 Personal communication, Mr. Charles Steenbergen, Pennsylvania 


4 Davison Chemical, Baltimore, Md. 
6 Alcoa Chemicals, Bauxite, Ark. 


Refining Co., Butler, Pa. 
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Table II-Effect of Clofibrate, Phenobarbital, Halofenate, and Placebo Treatment on Plasma Half-Life of Antipyrine in Rhesus 
Monkeys' 


Half-Life, Antipyrine Concentration, mcg./ml. 
Group Period Treatment hr. 0 .5  hr. 1 hr. 2 hr. 3 hr. 4 hr. 


I Before 
I After 


I1 Before 
I1 After 


111 Before 
111 After 
IV Before 
IV After 


None 
Clofibrate 
None 
Phenobarbital 
None 
Halofenate 
None 
Placebo 


1 .0  i 0.1 8 0 . 4 r t 8 . 6  6 3 . 6 f . 4 . 2  2 7 . 2 r t 4 . 3  1 2 . 9 r t 3 . 5  7 . 3 f 2 . 1  
1 . 3 i 0 . 2  7 4 . 7 r t 3 . 8  5 3 . 4 r t 4 . 7  3 2 . 8 4 ~ 3 . 1  1 8 . 8 3 I 3 . 0  1 1 . 0 f . 3 . 9  
1 . 2 r t 0 . 2  8 0 . 2 r t 8 . 2  6 1 . 6 r t 8 . 0  3 1 . 8 r t 5 . 2  1 5 . 9 r t 4 . 7  1 3 . 1 r t 4 . 5  
0 . 6 r t 0 . 2 b  5 4 . 5 f 7 . 0  31.4316.1 1 3 . 2 3 I 3 . 6  6 . 7 r t 2 . 8  1 . 4 f 1 . 6  
1 . 2 r t O . 2  9 0 . 9 r t 7 . 5  6 5 . 7 r t 5 . 7  3 7 . 7 r t 1 3 . 4  2 2 . 0 3 I 9 . 2  1 2 . 4 r t 4 . 8  
1 . 3 3 I 0 . 4  8 8 . 8 r t 9 . 9  6 0 . 5 i 4 . 4  3 7 . 4 3 I l l . O  2 4 . 0 r t 9 . 7  1 3 . 5 f . 7 . 6  
1 . 2 i 0 . 5  9 0 . 3 r t 6 . 1  6 5 . 7 f . 7 . 7  3 8 . 2 r t 1 1 . 6  23 .6 iZ11.7  l l . 0 i 8 . 7  
1 . 3  3I 0.2 88.8 f 12.0 64.9 f 13.6 38.6 iZ 6.4 24.8 f 7.6 12.5 3I 4 . 9  


~~ 


a The half-life was estimated by means of a GE Mark I FORTRAN computer program. All values given are the mean f SD. For Group I, n = 4; 
for Group 11, n = 8 ;  for Group 111, n = 8; and for Group IV. n = 12. b Difference was highly significant (P < 0.001). All other t i / ?  values after treat- 
ment were not significantly different from pretreatment values. 


studies specifically designed to reveal possible clinical interactions 
between halofenate and the drugs used in this study are currently be- 
ing planned. 
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Rapid Gastric Absorption of Sodium Nitrite in Mice 


MARVIN A. FRIEDMAN*, ELLIOTT J. GREENEt, and SAMUEL S. EPSTEIN' 


Abstract 0 The concentration of available gastric sodium nitrite and 
the major pathways involved in its disappearance in mice following 
single administration were determined. At 10 min. after oral ad- 
ministration, 8 5 %  of the available sodium nitrite was lost from the 
mouse stomach. Ligation of the gastroduodenal junction had no 
effect on nitrite loss. Following 30 min. incubation in uitro, where 
loss of nitrite by absorption was prevented, there was 63% loss of 
sodium nitrite, of which 4Oz had been converted to sodium nitrate. 


Technological advances both in agriculture and food 
preservation have led to increased concern over intake 
of nitrite and nitrate salts (1). The primary toxicological 
response to these salts is methernoglobhernia. Nitrate 


The authors concluded that the major pathway of loss of available 
gastric nitrite is absorption directly from the stomach into the 
bloodstream. 


Keyphrases 0 Sodium nitrite-gastric absorption and metabolism, 
mice Nitrite/nitrate levels-sodium nitrite absorption, metabolic 
pathways, mice 0 Absorption, gastric-sodium nitrite, mice 


salts do not directly cause methemoglobinemia but 
rather are converted to  nitrite salts by gastric flora (1). 


Of perhaps greater significance than methemoglobi- 
nemia is the reaction of nitrite with secondary amines 
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under acidic conditions to produce carcinogenic nitrosa- 
mines. Although this reaction proceeds in the small in- 
testine of the rat (2, 3 )  and at  near neutral pH in the 
presence of enteric bacteria (4), it proceeds much faster 
at  acidic pH's present in the stomach (2, 5). I t  is of 
consequent interest, therefore, to  determine gastric 
nitrite concentration at various time intervals after 
administration in order to determine potential reactivity 
with secondary amines. The potential reactivity is a 
function of both nitrite concentration and duration of 
time the reaction can take place. Additionally, the 
metabolic fate of nitrite was studied to determine 
whether nitrite was chemically altered or whether nitrite 
passed into the duodenum. 


Three major pathways may be involved in the dis- 
appearance of nitrite from the stomach. First, nitrite 
may leave the stomach through the gastroduodenal 
junction and be absorbed from the small intestine. 
Second, nitrite may react chemically with gastric com- 
ponents; nitrite is acid unstable and spontaneously de- 
composes to nitrate and nitrogen dioxide. Additionally, 
nitrite may be utilized in such reactions as diazotization 
and nitrosation or may serve as the substrate for bac- 
terial nitroreductase (6 ,  7). Third, nitrite may be ab- 
sorbed directly from the stomach into the bloodstream. 
Due to the high reactivity of nitrite with hemoglobin 
and the presence of methemoglobin reductase in eryth- 
rocytes, which rapidly degrades methemoglobin, there 
is no way to quantitate directly gastric absorption of 
nitrite salts by blood levels. 


EXPERIMENTAL 


Animals-Male Swiss ICR/Ha mice, weighing between 20 and 
25 g., were used. The mice were maintained on food' and water 
ad libitum. 


Time Course of In Vivo Disappearance of Sodium Nitrite from 
Mouse Stomach--Sodium nitrite, 150 mcg., was administered to 
each mouse by gavage in 0.1 ml. aqueous solution. Animals, in 
groups of 13-1 8, were then killed by cervical dislocation within a 
minute and at 10, 20, and 30 min. after sodium nitrite adminis- 
tration. Stomachs, together with attached 5-mm. segments of the 
esophagus and duodenum, were removed and assayed individually 
for sodium nitrite. 


Effect of Ligation of Gastroduodenal Junction on Rate of 
In Yivo Disappearance of Sodium Nitrite from Mouse Stomach 
---Groups of 5-8 mice were anesthetized by intraperitoneal 
injection of 150 mg./kg. sodium hexobarbital. The gastroduodenal 
junction was ligated in some groups, while in controls the ligature 
was left loose. The stomachs were then injected intraluminally with 
150 mcg. sodium nitrite in 0.1 ml. of water; the abdominal wall was 
then sutured. Mice were killed by cervical dislocation 10 or 30 min. 
later, and stomachs were removed and assayed individually for 
sodium nitrite. 


Disappearance of Sodium Nitrite from Stomachs In Vi tro-Each 
isolated stomach was injected intraluminally with 150 mcg. sodium 
nitrite in 0.1 ml. aqueous solution. Stomachs, in groups of 8-31, 
were incubated in empty flasks at 37" for 10 or 30 min.; the flasks 
were then placed on ice and the stomachs were assayed individually. 
Empty flasks were used in these studies to" prevent movement of 
sodium nitrite out of the stomach by osmotic gradients. 
In Vitro Oxidation of Sodium Nitrite to Sodium Nitrate-Isolated 


stomachs from 16 mice were each injected directly with 150 mcg. 
sodium nitrite in 0.1 ml. aqueous solution and incubated indi- 
vidually for 30 min. in empty flasks at  37'; control stomachs from 
groups of 20 mice were incubated under identical conditions. 
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Figure 1-In vivo disappearance of' sodium nitrite ,from mouse 
stomach. 


The flasks were placed on ice, and individual stomachs were 
assayed for sodium nitrite and sodium nitrate. 


Nitrite Determination-Individual stomachs from in uioo and iir 
uitro experiments were placed in 20 ml. distilled water, buffered 
with 0.25 ml. 0.67 M NH4CI/NH,0H at pH 9.6-9.7. and sliced 
open. Activated charcoal was added, and the flasks were agitated 
for 15 min. at room temperature. Then 0.2 ml. of 1.04 M ZnSOa 
was added, and the flasks were agitated for a further 5 min. Con- 
tents of each flask were centrifuged at 2000 r.p.m. for 15 min. 
Aliquots were taken for colorimetric determination of sodium 
nitrite. For sodium nitrate assays, similar aliquots were taken and 
treated with an excess of finely divided cadmium (9); following 
agitation for 2 hr., these were assayed for sodium nitrite. The 
differences between the sodium nitrite levels in the presence and 
absence of cadmium represent the amount of sodium nitrite oxi- 
dized to sodium nitrate in the isolated stomachs iu aitro. 


RESULTS AND DISCUSSION 


Following oral administration, sodium nitrite rapidly disappears 
from the mouse stomach (Fig. 1) ;  85 and 95% losses were seen at 
10 and 30 rnin., respectively. As can be seen from the small standard 
errors, gastric food content from animal to animal has very little 
correlation with gastric nitrite content. Stomachs from untreated 
controls contained less than 2 mcg. sodium nitrite. Data presented 
in Fig. 1 were tested for zero-, first-, and second-order kinetics2. 
These data only fit second-order kinetics, with a rate constant of 
0.30 (hr. X mg. sodium nitrite per stomach)-'. In acid conditions, 
nitrite forms an uncharged dimer (N203) (10). Since uncharged mole- 
cules generally pass through membranes more rapidly than charged 


?Tests for order of kinetics were performed using the following 
equations: 


0 order [NaNOz] = kr 
1st order log [NaNO?] = kr 
2nd order [NaNO?]-' = kr 


The second-order rate constants were calculated by averaging the in- 
dependent determinations of k .  Purina laboratory chow. 
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Table I-Effects of Ligation of Gastroduodenal Junction on I n  
Viuo Disappearance of Sodium Nitrite from the Mouse Stomach 


Table 111--In Vitro Conversion of  Sodium Nitrite t o  Sodium 
Nitrate in Mouse Stomach 


Time --Gastric Sodium Nitrite- 
following Percent 
Gastric Adminis- 


Injection, Mean i SE, tered 
min. Number of Mice mcg./Stomach Dose 


10 8-ligated 29.5 I!= 2.7 20 


30 8-ligated 13.8 i 3.3 9 
30 5-mt ligated 10.3 f 2.2 7 


10 5-not ligated 23.6 f 6.1 16 


Table 11-In Vitro Loss of Sodium Nitrite from Mouse Stomach 


7- Gastric Sodium Nitrite----. 
Duration of Percent 
Incubation, Number of Mean f SE,  Administered 


min. Stomachs mcg./Stomach Dose 
~~ 


10 8 97.3 It 4 . 4  65 
30 31 55.3 i 3.3 37 


molecules, the gastric absorption of nitrite might have been expected 
to  be second order if dimer formation was rate limiting. 


The rate of sodium nitrite disappearance from the mouse stomach 
ilr uico was not significantly reduced by ligature at  the gastro- 
duodenal junction (Table I). Although there was consistently more 
gastric sodium nitrite lost in mice not having the gastroduodenal 
junction ligated, this difference was not statistically significant and 
did not appear to represent a major pathway of nitrite loss. The 
corresponding second-order rate constants for the disappearance of 
nitrite from ligated and nonligated animals were 0.13 and 0.17 
(hr. X mg. sodium nitrite per stomach)-’, respectively. 


The loss of sodium nitrite from the mouse stomach in uifro, 
where absorption of sodium nitrite was prevented, k s h o w n  in 
Table 11. At 30 min. after incubation, 63% of gastric sodium 
nitrite was lost. The second-order rate constant for nitrite dis- 
appearance in uitro was 0.023 (hr. x rng. sodium nitrite per stom- 
ach)-’. Additionally, within 30 min., 26% of administered sodium 
nitrite was converted to  sodium nitrate (Table 111). That is, 40% 
of the sodium nitrite lost in citro was converted to  sodium nitrate. 


In  oico disappearance of sodium nitrite from the mouse stomach 
is very rapid, essentially reaching completion within 30 min. 
This appears largely due to  gastric absorption since ligature of the 
gastroduodenal junction does not significantly reduce the rate of 
sodium nitrite loss. Although 35% of the sodium nitrite in the 
stomach iiz vitro was lost within 10 min. (Table 11), this process was 
much slower than absorption. Even after accounting for itz riuo 
nitrite loss by degradative processes, the rate of absorption was 
still 4.5 times greater than the rate of chemical degradation. About 
60% of the sodium nitrite lost in ritro by nonabsorptive processes 
was either enzymatically reduced or bound to insoluble material 
(Tables I1 and 111); 40% of gastric sodium nitrite was converted to 
nitrate. The mechanism through which sodium nitrate was formed 
in the mouse stomach probably involves acid hydrolysis. On the 
other hand, it is not possible to  differentiate enzymatically reduced 
nitrite from nitrite bound to zinc sulfate-insoluble material. 


The results presented here are supported by several studies 
dealing with the rapid direct and indirect effects of nitrite following 
oral administration. Maximum levels of methemoglobin in rats 
following oral administration of sodium nitrite occurred within 
60 min. of ingestion ( 1 ) ;  plasma nitrite concentrations in sheep 
injected intraluminally with potassium nitrite peaked at  2 hr. ( 1  1); 
and mortality in swine was maximal between 90 and 150 min. after 


Percent 
Gastric Administered 


Sodium Nitrite, Sodium Nitrite 
Mean f SE,  Converted to 


Added Number of mcg. Sodium Nitrate/ Sodium 
Nitrite Stomachs Stomach Nitrate 


~~ ~~ 


- 20 19.3 =I= 2.1 - + 43 62.2 i 12.0 25.7 


single oral doses of sodium nitrite (12). Additionally, synergistic 
toxicity-mortality, hepatic necrosis, inhibition of liver protein 
synthesis, and inhibition of liver nuclear RNA synthesis (13, 14)- 
from endogenous nitrosamine formation following oral adminis- 
tration of sodium nitrite and dimethylamine was markedly depen- 
dent on the time between successive administration of these com- 
pounds. Synergistic toxicity was maximal when nitrite and di- 
methylamine were administered simultaneously and when dimethyl- 
amine was administered 60 min. prior t o  nitrite; however, no 
synergistic toxicity was observed when nitrite was administered 
30 min. prior t o  dimethylamine. These data suggest that the rapid 
absorption of nitrite may well be a limiting factor in the in via0 bio- 
synthesis of nitrosamines. 


REFERENCES 


(1) N. Gruener and H. I. Shuval, “Jerusalem International 
Conference on Water Quality and Pollution Research,” June 1969. 


(2) B. S. Alam, I .  B. Saporoschetz, and S .  S .  Epstein, Nature, 
232, 116(1971). 


(3) P. Klubes and W. R.  Jondorff, Res. Commun. Chem. Pathol. 
Pharmacol., 2,  24(1971). 


(4) J. Sander, F. Schweinsberg, and H. P. Menz, Hoppe- 
Sejder’s Z .  Physiol. Chem., 349, 1691( 1968). 


( 5 )  N. P. Sen, D. C .  Smith, and L. Schwinghamer, Food Cosmer. 
Toxicol., 7 ,  301(1969). 


(6) S. Taniguchi, Z .  Allg. Mikrobiol., 1, 341(1961). 
(7) R. C .  Kerber, N. Kornblum, and G. W. Urry, J. Amer. 


(8) A. Adriaanse and J. E. Robbers, J.  Sci. Food Agr., 20, 321 


(9) H. J. Follet and P. W. Ratcliff, ibid., 14, 138(1953). 


Cheni. Sor., 86, 3904(1964). 


( 1969). 


(10) S. S. Mirvish, J.  Nut. Cancer Inst., 44,633(1970). 
(11) K .  B. Sinclair and D. I. H. Jones, Res. Vet. Sci., 8,65(1967). 
(12) W. T. Lodon, W. Henderson, and R. F. Cross, J. Amer. Vet. 


(13) S. Asahina, M. Friedman, E. Arnold, G. Millar, M. Mishkin, 


(14) M. Friedman, G. Millar, and S .  S .  Epstein, In?. J .  Enuiron. 


Med. Ass., 150, 398(1962). 


Y .  Bishop, and S .  S .  Epstein, Cancer Res., 31, 1201(1971). 


Studies, 1, (1972). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 21, 1971, from the Case Wester/i Reserur Uniuersity 
School of Medicine, Cleaeland, OH 44106 


Accepted for publication May 16, 1972. 
Supported by National Institutes of Health Grants C-6516 and 


* Present address: Department of Pharmacology, Medical Col- 


t Present address: Philip Morris, Inc., Richmond, Va. 
A To whom inquiries should be directed. 


FR-05526. 


lege of Virginia, Richmond, VA 23219 


1494 0 Journul of Plrarmaccutical Sciences 








E * t  T 


0 1 2 3 4 5 6 7 8  
HOURS 


Figure 1-Miotic responses from liquid and solid dose cul-de-sac 
treatments. Key: 0 pilocarpine alginate solution, 3 .34z ;  6, pilo- 
carpine hydr.ochloride, 2 (methylcellulose); 0,  pilacarpine alginate 
flake, 4.9 mg. Broken lines signifv rebound activity. Bars represent 
standarddeviation, N = 10-14. 


Our present findings show that the 1,4-/3,~-man- 
nuronic acid, commonly known as alginic acid, salt of 
pilocarpine when administered as an ophthalmic disk 
by this route provides a significantly greater miotic 
response than is obtained from pilocarpine solutions. 


Ophthalmic flakes were prepared by dissolving pilo- 
carpine alginate powder (7 % w/v) in sterile water 
for injection, with the aid of mechanical mixing. The 
solution was delivered into flat-b.ottom petri vessels and 
subjected to evaporation under reduced pressure at  
30" in a thermostated water bath assembly. When the 
colloidal solution exhibited a semisolid consistency, the 
mass was sectioned into circular flakes (0.3-mm. thick- 
ness, 3-7-mm. diameter, 3.1-7.8 mg.) by means of 
various size trephines and dried to the point of solidi- 
fication. Following additional drying for 24 hr. at  room 
temperature, the ensuing transparent disks were re- 
moved and stored in light-resistant containers. Ele- 
mental analysis, on an anhydrous basis (loss on drying 
2.94%), showed C = 49.65z, H = 6.39%, 0 = 
38.14%, and N = 6.51 %, corresponding to an alkaloid 
content of 48.54%. (Theoretical2: C = 50.76, H = 6.47, 
0 = 35.81, andN = 6.96.) 


Pilocarpine alginate, 3.34 % (w/v), and pilocarpine 
hydrochloride, 2.00% (w/v), in the presence of methyl- 
cellulose 4000 cps., required to adjust the viscosity 
of the latter to that of the alginate (72 cps., 
Brookfield, LVT, 25") solution, were prepared from 
sterile Sprensen phosphate buffer stock solutions mixed 
in varying proportions to give a final pH of 6.14 and 
adjusted for tonicity with sodium chloride. 


Miotic studies were conducted using albino, 4-5-kg., 
male rabbits. The animals were allowed to equilibrate 
under constant conditions of illumination for 24 hr. 
prior to commencing treatment with either solid or 
liquid doses. 
Each solution was delivered from a micrometer syringe 


(0.075 ml.) into the lower cul-de-sac of one eye, and its 
vehicle was used as the control in the other eye. With 
the solid dose studies, flakes were deposited into the 
lower sac with the aid of forceps after being soaked for 
30 sec. in isotonic sodium chloride to allow the disk to 


1 Tilden-Yates Laboratories, Inc. 
2 Estimated as a percent composition based on an empirical formula 


of (C6H806'HzO)n and CllH16NzOz for alginic acid and pilocarpine, 
respectively. 


assume a semiplastic consistency and reduce the degree 
of initial contact irritation. Alginic acid flakes, similarly 
prepared, were used as controls. The size of each pupil 
was measured immediately before the test drug was 
applied with an Optiker-Ryser pupillary gauge fixed at a 
distance of 15.2 cm. (6 in.) from the globe. 


Pupillary responses (Fig. 1) indicate that, in the liquid 
state, pilocarpine alginate exhibits essentially compara- 
ble miotic activity as pilocarpine hydrochloride follow- 
ing single-dose treatment. No pupillary constriction 
was noted in both liquid and solid dose control eyes. The 
results derived from solid pilocarpine alginate deposi- 
tion show the magnitude of maximum pupil size con- 
striction to be enhanced, with duration of miosis sig- 
nificantly increased over that of both liquid dosage 
systems. Restoration of normal pupillary diameter for 
the solid-state dose is observed to occur between 7 and 
8 hr. in contrast to about 3.5 hr. for the ophthalmic 
solutions. 


These results indicate that availability of pilocarpine 
in the cul-de-sac from solid doses may be more uniform 
as a consequence of diminished diffusion through the 
gel matrix where the drug is held in reserve, in contrast 
to liquid dosage forms where the dose is immediately 
released in the conjunctival fluids. The present observa- 
tions suggest that the use of solid ophthalmic dosages 
in the treatment of glaucoma may be more effective, 
requiring less frequent administration of drug to pro- 
duce a prolonged physiological activity. 
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Anthraquinone, a New Chemical Oxidation 
Product of Amitriptyline 


Keyphrases 0 Amitriptyline oxidation, permanganate-identifica- 
tion of dibenzosuberone and anthraquinone as products 0 Dibenzo- 
suberone and anthraquinone-identification as oxidation products 
of amitriptyline 0 Anthraquinone and dibenzosuberone-identifi- 
cation as oxidation products of amitriptyline 


Sir : 


Wallace and Dahl (1) described a quantitative UV 
spectrophotometric procedure for the determination of 
amitriptyline (I) and nortriptyline as well as their prin- 
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cipal metabolites in biologic specimens. In their pro- 
cedure, the drugs are extracted into n-hexane and 
oxidized with buffered permanganate to  carbonyl 
derivatives which, in  contrast to  the original com- 
pounds, absorb strongly at 250 nm. In their discussion, 
the authors suggested the formation of a diconjugated 
ketone: dibenzosuberone (SH-dibenzo-lO,l I-dihydro- 
[a,d]cyclohepten-5-one) (It) .  This chemical was also 
isolated by Henwood (2). This author detected the 
compound as a result of the autoxidation of amitrip- 
tyline base. 


By submitting the pure drug, as well as urine from 
humans and rabbits administered the same compound, 
to the oxidative procedure mentioned, we finally iso- 
lated a compound completely different from the de- 
scribed dibenzosuberone. After crystallization from 
chloroform, it melted at 286" (corrected), while the 
melting point of dibenzosuberone is 28". The NMR 
spectrum measured in deuterochloroform against 
tetramethylsilane confirmed the presence of aromatic 
protons (1.7 and 2.2 p.p.m.), while no methylenic proton 
was detected in the 7-p.p.m. region. The IR spectrum 
of the compound (KBr pellet) was identical to that of 
anthraquinone. On the other hand, both the absorption 
bands at 2925 and 2850 cm.-', corresponding to anti- 
symmetrical and symmetrical vibrations of methylenic 
CH, respectively, were absent. The centesimal analysis 
was in agreement with the anthraquinone formula and, 
in mixture with authentic anthraquinone, no de- 
pression of the melting point was observed. 


It clearly appears that, by boiling amitriptyline in a 
permanganate alkaline solution, anthraquinone is 
almost quantitatively obtained instead of dibenzo- 
suberone, the product of self-decomposition of ami- 
triptyline at room temperature. However, it is possible 
that dibenzosuberone is formed previously as the first 
step of this reaction. The confusion between anthra- 
quinone and dibenzosuberone could be explained as 
follows. If we consider the strong absorption band at  
1680 cm.-' alone, it may correspond to a carbonyl func- 
tion conjugated to two aromatic rings, which is the case 
for both dibenzosuberone and anthraquinone. However, 
the latter marks a slight shift due to the fact that only 
one antisymmetrical stretching vibration, resulting from 
the coupling of both carbonyls, is visible in IR. With 
regard to the GLC experiment, the use of a slightly 
polar phase results in almost identical retention times 


a. L b. 


0 2 4 6 8 1 0  0 2 4 6 8 1 0  
MINUTES 


Figure 1-GLC of a mixture of diberizosuberorre atid arnitriptylirie 
oxidation product. (a )  Coliimti 3% SE-30 ori Chromosorb W (60-80 
mesh), 2.4-m. by 0.6-em. (8-ft.  by 0.25-iti.) glass columri: columri 
temperature, 190"; gas pow, 20 ml. tiitrogetiltniti. ( b )  Columti 50% 
BDS 1.7% + 50% XE-60 2% on Clirornosorb G (AW-DCMS) (80- 
100 mesh), 1.8-m. by 0.6-cm. (6-ft.  by 0.25-iri.) glass columri; columri 
temperature, 225"; gaspow, 40 i d .  niirogeiilmiir. 


for the dibenzosuberone and the anthraquinone; once 
mixed, they become extremely difficult to separate. 
However, trapping of the dibenzosuberone at the outlet 
of the chromatograph and the subsequent recording of 
an IR spectrum in KBr micropellet clearly show that the 
dibenzosuberone remains unchanged, in spite of the 
fact that this substance spontaneously converts into 
anthraquinone at  200" in the presence of oxygen. The 
use of a more polar liquid phase as well as an increased 
temperature allows the separation of both substances 
(Fig. 1). 


On the other hand, the procedure described by 
Wallace and Dahl (1) still is helpful for identifying 
amitriptyline and homologs. Following the described 
procedure, most of the dibenzocycloheptenic com- 
pounds, as 10- or 10,l 1-hydroxy-, mono- or didemeth- 
ylated amitriptyline, are finally converted into anthra- 
quinone. This last compound is stable in oxidizing 
media; its separation by steam distillation is quantitative 
and its determination by GLC presents no difficulty. 
A recovery of 90 is easily obtained. 


( 1 )  J. E. Wallace and E. V. Dahl, J .  Forerisic Sei., 12,484( 1967). 
(2) C. R. Henwood, Nature, 216,1039(1967). 
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Excretion and Tissue Distribution of 
Uniformly Labeled ‘‘CC-Pentachloropheno1 in Rats 


ROBERT V. LARSEN, LEE E. KIRSCH, STANLEY M. SHAW, 
JOHN E. CHRISTIAN, and GORDON S. BORNA 


Abstract 0 The excretion and tissue distribution of pentachloro- 
phenol were studied in rats by administration of oral doses of 
99.5 % radiochemically pure, uniformly labeled llC-pentachloro- 
phenol dissolved in olive oil. After oral administration, less than 
0.04% of the administered radioactivity was detected in the re- 
spired air in a 24-hr. period. The recovery of pentachlorophenol and/ 
or metabolites in the urine was greatest a t  the 16-hr. collection 
period. The average total percent of the administered activity 
recovered in the urine after 24 hr. was 50.2%, with between 9.2 
and 13.2% being recovered in the feces after 10 days. The tissues 
containing the highest levels of activity were the liver, kidney, and 
blood, respectively. All other tissues contained less activity than the 
blood. 


Keyphrases 0 Pentachlorophenol, radiolabeled-xcretion and 
tissue distribution studies, rats IJ Radiolabeling--”C-pentachloro- 
phenol excretion and tissue distribution studied in rats 


In a review article, Bevenue and Beckman (1) reported 
that pentachlorophenol has been used as a fungicide 
and/or bactericide in the processing of starches, pro- 
teins, leather, paints, cellulose products, and oils and 
has been widely used in the preventative treatment of 
new lumber for the control of termites. The compound 
also has been used as a preservative in wooden crates 
used for packaging raw agricultural products. Blair (2) 
reported the use of sodium pentachlorophenate as a 
molluscacide and as a weedkiller in pineapple farms and 
sugar plantations. Due to the wide variety of industrial 
and agricultural applications, pentachlorophenol poses 
a potential environmental hazard; in fact, a number of 


Table I-Percent 01 Administered Activity Detected in Urine 
after Oral Administration of Uniformly Labeled 
14C-Pentachloropheno1 to Female Rats 


Mean Cumulative 
Activity Mean 


Excreted5, Standard Excretion, 
Percent of Error of the Percent of 


Time Dose Mean Dose 


8 hr. 8 .55  2.39 8.55 
12 hr. 15.12 5.70 23.67 
16 hr. 17.40 2.00  41.07 
20 hr. 5.71 2.55 46.78 
24 hr. 3.41 1.38 50.19 
30 hr. 6 .88 1 .65  57.07 
76 hr 3 47 0.90 60.54 - - ._. . 
42 hr. 
48 hr. 
60 hr. 
72 hr. 
4 days 
5 days 
6 days 
7 days 
8 days 
9 days 


10 days 


2 n i  0 53 62.57 _ .  _ -  
0.80 0.26 63.37 
1.03 0 .24  64.40 
0.77 0.28 65.17 
1.34 0 .70  66.51 
1.07 0.47 67.58 
0 3R 0.13 67.96 
0.18 0. io 68.14 
0.08 0 .03  68.22 
0.07 0 .03  68.29 
0.05 0.02 68.34 


a Mean of five female rats. 
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deaths has been reported due to acute pentachloro- 
phenol intoxication (3,4). 


Few studies have been done to determine the bio- 
logical disposition and excretion of pentachlorophenol. 
The work of Deichmann et al. ( 5 )  indicated the urine is 
the principal route of excretion of the compound. Small 
amounts of pentachlorophenol were also detected in the 
feces and in all tissues analyzed. In a study done by 
McGavack et al. (6),  subacute chronic doses of penta- 
chlorophenol were administered to experimental ani- 
mals, with the results indicating the possibility of a 
cumulative toxicity existing at  dosage levels below the 
minimum lethal dose for single applications. The ma- 
jority of the biological studies to date employed the 
detection of pentachlorophenol based on the spectro- 
photometric determination of the color produced by the 
action of nitric acid. This study was undertaken to  
determine the excretion and storage patterns of penta- 
chlorophenol and/or metabolites using radiotracer 
techniques. 


MATERIALS AND METHODS 


Reagents and Apparatus-The 99.5 7;  radiochemically pure, 
uniformly labeled W-pentachlocophenol used in this study was 
obtained from the synthesis as reported by Rogers et al. (7).  The 
specific activity of the compound was determined to be 0.27 pc./mg. 


All radioactivity measurements were made with a liquid scintilla- 
tion spectrometer’, using a scintillation phosphor prepared by dis- 
solving 2,5-diphenyloxazole (0 .4z)  in a mixture of toluene-2- 
ethoxyethanol (1 : 1). ‘E-Toluene was used as an internal standard 
for quench corrections. 


Radiorespirometry-To determine if “C-pentachlorophenol was 
metabolized to “COZ and expired uia the lungs, a female rat was 
given an oral dose of I‘C-pentachlorophenol equivalent t o  59 mg./ 
kg. (3.4 pc.). This dose corresponds to  approximately three-fourths 
of the reported LDso (8). After dosing, the animal was maintained 
in a controlled-ventilation glass metabolism cage2 for 24 hr. Ex- 
pired carbon dioxide was collected and analyzed for activity. 


Urine and Feces-Five female rats, weighing between 120 and 
146 g., were given oral doses of l4C-pentachIoropheno1 ranging from 
37 to 41 mg./kg. Females were chosen to  eliminate self-contamina- 
tion problems. Immediately after dosing, the animals were placed 
in stainless steel metabolism cages with food and water available 
ad libitum. Urine samples were collected a t  8, 12, 16, 20, 24, 30, 
36, 42, 48, 60. and 72 hr. and daily thereafter for 7 additional days. 
Urine samples were analyzed for activity by placing 0.2 ml. of urine 
in 15 ml. of scintillator. 


Feces samples were removed daily, and the total 10-day output 
for each animal was analyzed for activity. Each sample was ex- 
haustively extracted with benzene in a soxhlet extraction apparatus, 
dried, and then reextracted with water. 


Tissue Samples-Eight rats, four males and four females, ranging 
in weight from 174 to 227 g., were given oral doses of lCC-penta- 


1 Tri-Carb model 2002. Packard Instrument Co., Downers Grove, 


2 Delmar Scientific Laboratories, Inc.. Maywood, 111. 
111. 
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Figure 1-Retentioil of orally administered, rrniformly labeled 14C- 
petitachloropkeriol. (Fecal excretion was assumed constant with time.) 


chlorophenol equivalent to  31-40 mg./kg. Inasmuch as stress has 
been shown to alter drug metabolism (9), an additional four fe- 
males were given oral doses of 14C-pentachlorophenol but were sub- 
jected to hind-leg ligation for 2.5 hr. immediately after dosing. The 
animals were placed in metabolism cages for 40 hr. with food and 
water ad libitum. They were then sacrificed by decapitation and 
the following organs were perfused with normal saline to remove 
any residual blood: lungs, liver, heart, and kidneys. These organs 
plus the following tissues were analyzed for activity: adrenal, brain, 
spleen, muscle, testes, ovaries, stomach, and intestines (minus con- 
tents), and abdominal fat. All tissue samples were prepared by 
dissolving 100 mg. of tissue in 1 ml. of sample solubilizer3, heating 
to 70" for 2 hr., cooling to room temperature, neutralizing excess 
sample solubilizer with glacial acetic acid, and adding 15 ml. of scin- 
tillator. 


Blood-Blood samples were collected at the time of sacrifice 
from the animals used in the tissue study. The samples were sepa- 
rated into serum and cellular fractions through the use of centrifuga- 
tion and normal saline washes. The serum activity was determined 
by placing a 0.1-ml. aliquot directly in 15 ml. of scintillator. The 
activity present in the cellular fraction was determined by dissolving 
an aliquot in 1 ml. of sample solubilizer and subsequent decolori- 
zation with hydrogen peroxide prior to the addition of scintillator. 


RESULTS AND DISCUSSION 


The amount of activity detected in the respired air of the rat in a 
24-hr. period was less than 0.04% of the administered activity, 
which was within the purity limits of the labeled compound. This 
activity could represent metabolism of the impurities rather than 
metabolism of the parent compound. 


The data in Table I show the percent of administered activity 
detected in the urine of the female rats over 10 days. The average 
total percentages of administered activity recovered in the urine 
after 24, 48, and 72 hr. were 50.2, 63.4, and 65.2%, respectively, 
with the greatest amount of activity being detected in the Idhr. 
collection period. The average total recovery of activity in the urine 
after 10 days was 68.3% of the administered activity, indicating the 
urine is the principal route of excretion of 14C-pentachloropheno1 
and/or its metabolites after ingestion. 


The percent of activity remaining in the animals (assuming no 
fecal excretion) was calculated, and these values are represented in 


J Soluene, Packard Instrument Co., Downers Grove, Ill. 


T 


1 


TISSUE 


Fieure 2-Tissue distribution of  'C-Denluchloroi ?no1 andlor i r s  
IabPled metabolifes 40 lir. aft e; oral' administra;ion o f  uniformly 
labeled l 4  C-pmtacklorophenol to rats. 


Fig. 1. The appearance of this curve suggested a two-component 
urinary excretion. The curve was resolved into two components 
by fitting the data to an exponential equation of the form: 


BB(t) = B1e - Bd + Bte - B41 (Eq. 1) 


The first component had a half-life of 10 hr., with the second com- 
ponent yielding a half-life of 102 days. 


Pooled 10-day feces samples collected during the excretion study 
were analyzed for activity. The activity recovered during the ben- 
zene extraction ranged from 6.5 to 8.2% of the dose, while the 
activity extracted using water ranged from 1.2 to 5.1 of the ad- 
ministered dose, The total activity recovered ranged from 9.2 to 
13.2 % of the administered dose. 


The tissue concentrations of pentachlorophenol for the male, 
female, and stressed females were statistically compared using the 
F test as described by Downie and Heath (10). No significant dif- 
ference was detected between any of the groups ( p  < 0.0% so the 
results of all three groups were pooled; Fig.. 2 represents the mean 
percent of administered activity per gram of tissue plus or minus 
the standard error of the mean. No differences in tissue concentra- 
tion were noted between sexes, and stress did not significantly alter 
the tissue distribution of 14C-pentachlorophenol and/or its metab- 
olites after oral administration. The high levels of activity detected 
in the kidney could be due to the rapid elimination of the com- 
pound via the urine, with the high levels present in the liver due to 
the detoxification and/or conjugation of ihe compound prior to 
elimination. 


Blood samples separated into serum and cellular fractions in- 
dicated that the serum contained greater than 99% of the total 
activity detected in the blood. This would indicate that the 14C- 
pentachlorophenol and/or metabolites present in the blood are not 
bound to the cellular constituents. 
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Biosynthesis of Tropic Acid in 
Datura innoxia Root Tissue 


N. W. HAMON’ and J. L. EYOLFSON 


Abstract 0 ~r-Phenylalanine-l-l’C, phenylacetic acid-l-I4C, DL- 
trypt0phan-(2-indolyl)-~‘C, Dr-tryptophan-(benzene ring)-UJ4C, 
r-serine-3J4C, and formic acid-l4C were all utilized by Datura 
innoxia root tissue as precursors of tropic acid. All of these com- 
pounds were incorporated in a specific manner. 


Keyphrases 0 Datura innoxia--biosynthesis of tropic acid, studied 
using various radiolabeled precursors 0 Tropic acid--biosyn- 
thesis in Datura innoxia root tissue, studied using various radio- 
labeled precursors IJ Alkaloid biosynthesis-Datum innoxia root 
tissue, tropic acid pathways studied 


Tropic acid (I)  is a constituent of the alkaloids scopola- 
mine (hyoscine) and hyoscyamine. Phenylalanine, phen- 
ylacetic acid, and tryptophan have been demonstrated to 
be the mostefficient precursors for this acid. In contrast to 
phenylalanine (I-7), phenylacetic acid (1) and tryp- 
tophan (8) have received relatively little attention by 
subsequent investigators. 


It is obvious that phenylacetic acid requires the addi- 
tion of one carbon atom (Scheme I) for incorporation 
into tropic acid. Previous attempts ( I )  to clarify the 
origin of the one-carbon fragment using sodium bi- 
carbonate-lT or sodium formate-l‘c resulted in ran- 
dom labeling of tropic acid. These experiments were, 
however, conducted on whole plants. The results prob- 
ably were due to photosynthetic fixation of these com- 
pounds into precursors of the aromatic amino acids, 
resulting in randomization of the label. It is known that 
sodium formate rapidly degrades to carbon dioxide 
and water in oiuo. 


In the present investigation, sources of “active for- 
mate” were generated within the plant. These sources 
were serine-3- 14C and tryptophan-(2-indolyI)- 14C, which 
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produce formate during their normal metabolic deg- 
radation (Scheme 11). Since tryptophan could also be 
incorporated into tropic acid via another route (8) 
(Scheme HI), it was expected to yield tropic acid labeled 
in positions C1 and C3. Formic acid-I4C was also in- 
vestigated as a source of the C1 of tropic acid. Vacuum 
infiltration of root tissue of Datum innoxia was used to 
eliminate the problem of photosynthesis and to les- 
sen the required metabolism time. The biogenesis of 
the alkaloids occurs primarily in root tissue. Degrada- 
tion to determine the position of the label was done by 
known methods, and liquid scintillation counting was 
employed to determine the activity of the degradation 
products. 


EXPERIMENTAL 


Growth Conditions-D. innoxia plants were germinated and 
grown in a controlledenvironment room which maintained them 
at  29.4” (85” F.) for 16 hr. under 1200 ftc. oflight followed by 18.3” 
(65” F.) for 8 hr. in darkness. Relative humidity was 60 and 75%, 
respectively. 


Isotope Administration--Plants (90 days old) were removed from 
their pots. The root tissue was removed and washed carefully with 
tap water followed by sterile distilled water, and the secondary 
roots were weighed into 293. samples. Two separate 2-g. samples 


phenylacetic acid-1 -14C 0 


I 
one-carbon 
fragment  (COP)  


COOH COOH 


I 
@H *-- mci 


*CH~OH 


I Scheme I-Incorporation of plrerrylacetic acid into tropic acid 
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Kinetics and Mechanisms of Monolayer Interactions I: 
Cetyl Sulfate and Cetrimonium Ions Interacting with 
Dipalmitoyl Lecithin and Dipalmitoyl Glycerol 


FEDERICO A. VILALLONGA’, EDWARD R. GARRETT, and MARCELINO CEREIJIDO* 


Abstract 0 The interaction of cetyl sulfate and cetrimonium (cetyl- 
trimethylammonium) ions with dipalmitoyl lecithin and dipalmitoyl 
glycerol monolayers spread at the airlwater interface was followed 
by the variation of the surface pressure and surface potential. The 
kinetics and the finalequilibrium varied with the nature of the injec- 
ted surfactant. An approximative method was devised to calculate 
the energies of activation, which are comparable with others obtained 
on a classical thermodynamic basis for cetyl alcohol monolayers 
interacting with sodium lauryl sulfate. The presence of the phospho- 
ryltrimethylethanolamine group in the dipalmitoyl lecithin molecule 
decreases to some extent the interaction with cetyl sulfate and ce- 
trimonium ions. The values of the energies of activation obtained 
indicate that the ionic groups of the polar moiety of dipalmitoyl 
lecithin are not equivalent in the perturbation that an attached 
hydrocarbon chain produces in the surface pressure of the mono- 
layer. This difference may be explained by the different mobilities 
that a hydrocarbon chain would have when attached to one or the 
other ionic attraction centers because of the unrestricted movement 
of the positively charged trimethylammonium group around the 
phosphate linkage of the dipalmitoyl lecithin. Some implications 
of this observation to microstates of biomembranes are suggested. 


Keyphrases 0 Cetyl sulfate and cetrimonium ions-interactions 
with dipalmitoyl lecithin and dipalmitoyl glycerol monolayers, 
kinetics, mechanisms 0 Monolayers, dipalmitoyl lecithin and 
dipalmitoyl glycerol-interactions with cetyl sulfate and cetri- 
monium ions, kinetics, mechanisms 0 Phospholipid monolayers- 
interaction with long-chain surfactants, kinetics, mechanisms 
Surfactants, long chain-interaction with phospholipid monolayers, 
kinetics, mechanisms 


~~ 


The interaction of an insoluble monolayer spread at  
an interface with a soluble surface-active species in- 
jected in the subphase has been termed monolayer pene- 
tration (1-4). This interaction presents two aspects: 
the kinetics of approach to and the resultant equilibrium. 
The equilibrium has been studied from the two formally 
different aspects of the application of a modified Gibbs 
adsorption equation (5, 6 )  and the postulation of an 


osmotic equilibrium (7) between two presumed phases: 
dissolved surfactant in the bu!k solution and surfactant 
molecules already penetrated into the monolayer. 


Monolayers of dipalmitoyl lecithin at  the air/water 
interface may be considered as suitable models to use 
in the study of certain properties which can be associated 
with the outer lipidic layer of cell membranes. For ex- 
ample, the discrimination in their interaction with 
monovalent cations such as sodium and potassium is 
similar to that exercised by the phospholipids that form 
the epithelial cell membrane (8-1 1). 


The present study was carried out on the premise 
that the kinetics and the mechanisms of the interaction 
of phospholipid monolayers with ionic long-chain sur- 
factants may yield useful information to further the 
understanding of the role of phospholipids in the cell 
membrane and in drug absorption. 


EXPERIMENTAL 


Reagents-Dipalmitoyl lecithin’ was chromatographically homo- 
geneous by TLC (12). The dipalmitoyl glycerol’ was known to be a 
mixture of 1,2- and 1,3-isomers. Sodium cetyl sulfate’ and cetrimo- 
nium bromide2 gave no minima in the curves of surface tension 
against the logarithm of concentration. 


Deionized and triple-distilled water was used throughout. Its 
pH after air equilibration was consistently between 5.6 and 6.0, 
and its surface tension was always, in approximately 200 experi- 
ments, between 99.8 and 100.2% of the value calculated from the 
Harkins equation (1 3). The air/water interfacial potential was 
-470 inv. (=t 20 mv.). The hexanes2a3 were spread (0.2 ml.) on 
42.56 cm.2 of air/water interface and gave no significant variation 
on the surface tension of water (less than 0.02 dyne cm.-l). 


1 Mann Research Laboratories, Orangeburg, N. Y. 


3 Spectroquality, Matheson, Coleman and Bell, East Rutherford, N. J. 
Eastman Kodak, Rochester, N. Y. 
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Table I-Average Values ot the Surface Parameters of Dipalmitoyl Lecithin and Dipalmitoyl Glycerol Monolayers before the 
Injection of the Surfactant 


1 
c s  = 2, p ,  mD. molecule.cm.-2 ._ 


p L ,  dyne cm.-l A ,  Az2mo~ecule-1 VL, mv. AVL, mv. 


Dipalmitoyl 5(*0.1) 55(*2) -130 +340 500 1.82.10" 


560 2.19.1014 
lecithin ('t 20) 


Dipalmitoyl 5(*0.1) 46( =t 2) - 10 +460 
glycerol ('t 20) 


Instruments-Surface tension was measured with a Wilhelmi 
platinum plate (2.5 X 1.25 X 0.01 cm.) attached to an electro- 
balance'. Surface potential was measured with an air electrode6 and 
an electrometer6. 


The outputs of the electrobalance and the electrometer were fed 
into a dual pen recorder?. 


The experimental assembly, with a 9-cm. Teflon dish as a trough, 
is diagrammed in Fig. 1. The final water volume was always 45 
cm.:!, which corresponded to  a depth of water of 1.58 cm. A Teflon- 
coated stirring bar (1.25 X 0.8 cm.) was located inside the Teflon 
dish. The total area of the airlwater interface for that volume was 
calculated by measuring the diameter a t  the contact of the water 
and the Teflon and correcting this surface for the contact angle 
Teflon/water. The tips of two identical microburetss (1 f 0.0001 
ml.) were immersed in the water contained in the Teflon dish. 
One microburet contained the surfactant solution with an air bubble 
in the capillary to isolate initially this solution from the water. The 
other microburet was used to withdraw, prior to the injection of 
the surfactant solution, exactly the same volume of water from the 
'Teflon dish to avoid the effects of variations of buoyancy on the 
platinum plate, A sintered-glass tube at  1.5 cm. above the air/water 
interface (not shown in Fig. 1) was used to pass a continuous flow 
of wet nitrogen over the interface during the experiments. 


Methods-With the platinum plate, the electrodes, the micro- 
burets, and the nitrogen tube in position, water was slowly added 
so that it just made contact with the lower edge of the platinum plate 
(14). After 5 min. the surface tension (yo) and the potential of the 
interface (V , )  were measured and recorded. These control values 
were to  be used for the calculation of the monolayer surface pres- 
sure ( T L  = yo - y~), its increment (AT = x i  - T L ) ,  the surface 
potential ( A V L  = V L  - Vo), and its increment [A(AV)  = Vi - VL].  
The subscript L indicates the corresponding value for the monolayer 
before the injection, and the subscript i indicates the value after 
the surfactant injection; yo and V ,  represent the surface tension and 
the interfacial potential of the air/water interface, respectively. 


The spreading solution was prepared previously by dissolving the 
corresponding substance (dipalmitoyl glycerol or dipalmitoyl 
lecithin) in water-saturated hexane. Gentle heating completed the 
dissolution and thus avoided the use of potential surface con- 
taminants such as ethanol. A microsyringe (Hamilton) was filled 
with the spreading solution. The solution was delivered dropwise 
at the water surface on the dish with a simultaneous starting of the 
stirring and the rapid nitrogen flow. Stirring and rapid nitrogen 
flow were continued for 10 min. after the achievement of the desired 
surface pressure. In all of the experiments reported, the initial sur- 
face pressure was 5 4~ 0.1 dyne cm.-l. 


After the monolayer at the desired surface pressure was thus ob- 
tained, a given volume of water equal t o  the volume of surfactant 
solution to be injected was withdrawn from the dish using the ap- 
propriate micropipet. The injection of the surfactant solution was 
then started simultaneously with the stirrer. The stirring was main- 
tained for 1 min. and then stopped. At this time the recording 
of AT and AV was started. A slow flow of wet nitrogen was main- 
tained during the experiment. At least three experiments were per- 
formed for each final surfactant concentration. The reproducibility 
was within 1k0.5 dyne cm.-l for AT and 1 2 0  mv. for A(AV).  


The experiments performed to  obtain the surface tension-log 
of concentration curves showed that the CMC of cetrimonium 
bromide was 1 .lo-" M a n d  that of sodium cetyl sulfate was 5.10-4 


4 Cahn Division. Vciitroin Instruments Coru.. Paramount, Calif. - .  
Americium-241'. 


6 Keithley Instruments (610 c), Cleveland, Ohio. 
7 Speedomax W/L, Leeds and Northrup, North Wales, Pa. * Monostat, New York, N. Y. 


M. Accordingly, the concentration of the surfactant solution to be 
injected was kept a t  2.5. M in order t o  be below the CMC. 
The volumes of surfactant solution injected were such as to  obtain 
a final concentration in the 45 ml. of water in the Teflon dish of 
6, 4, 1 ,  0.5, or 0.25.10P M. At these concentrations, it has been 
shown that cetrimonium bromide as well as sodium cetyl sulfate is 
completely dissociated (15). The ratio of the totd number of sur- 
factant ions injected to the number of lipid molecules forming the 
monolayer varied consequently from about 1 for the lowest con- 
centration to 16 for the highest concentration. 


The experiments were performed a t  22 =t 1 '. 


RESULTS 


The average values of the surface parameters of the monolayers 
before the injection of the surfactant ion are represented in Table I. 


The effects of the injection of cetrimonium bromide and sodium 
cetyl sulfate on the surface pressure ( A T )  and surface potential 
( A V ) ,  respectively, of a dipalmitoyl lecithin monolayer at  5 dyne 
cm.-l are compared in Figs. 2 and 3. Both the kinetics and the final 
equilibrium varied with the nature of the injected surfactant. The 
kinetics of interaction are contrasted most dramatically in 
the case of the rate of change of surface pressure, AT (Fig. 2). The 
interaction of cetrimonium bromide with the dipalmitoyl lecithin 
monolayer is virtually completed in the first several minutes after 
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Figure l-Experimetifal assembly ,/or die A(AV) recorditig ql'cliatrges 
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Figure 2--Effect of the iigectioir of cetrinioirium bromide (--) or 
sodirtrn ceryl siiljote ( -) oir the surface pressure of a dipultnitoyl 
lecitlriit moirohper a1 5 dyne cm.-'. Ciirces are labeled as to micro- 
molarjiiral coirceirtralioirs of the iirjected surfactaiit iorr. 
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Figure 3 -Effect of' the iiljpctioir of retrimotrium bromide (---) or 
sodirim cotr.1 sirl/irrc (---) oil /he surfiice poterrtirrl [A(AV)] o / '  a 
dipalmitopl lccitlriir moiiolcryer ut 5 dyire cnr: I .  Crirrcs arc labeled as  
10 t~iicrmiolur. fiiral r o i r ~ ~ i ~ t n i t i ~ i i ~  of'tlra iirjected surfhctuirt iorr. 
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Figure 4-Effect of' the iivectioir of cetrimotrium bromide (---) or 
sodium cetyl sulfate(---)oti tlre surlhcepressure(An)of adipalmitoyl 
glycerol moirolayer at 5 clyiie m-1. Curces are labeled as to micro- 
molarfi,ial coticeiitratiom oftlie iiuected sur/actaiit ioir. 


injection, except for the lowest concentrations (0.25 and 0.5 p M )  
and a slight subsequent drift which does not seem pertinent to the 
major changes in the measured values. The interaction of sodium 
cetyl sulfate with the monolayer took a much longer time to achieve 
equilibrium with respect to AT. 


The effect of the negatively charged cetyl sulfate anion on the 
surface pressure was more than three times the effect of positively 
charged cetrimonium cation at  the highest concentration (6 p M )  
used. Thus, the interaction of cetyl sulfate anion with the dipalmitoyl 
lecithin monolayer at  5 dyne cm.-l is the slower process with a 
larger final effect on the surface pressure. than the interaction of 
cetrimonium cation with the dipalmitoyl lecithin monolayer. 


The iiijection of the negatively charged cetyl sulfate ion increased 
(Fig. 3) the negativity of the dipalmitoyl lecithin monolayer about 
4&80 mv. There was an effect on the surface potential of the 
monolayer a t  the lowest concentration (0.25 p M )  in spite of the fact 
that the surface pressure was invariant after the 60 min. of the ex- 
periment. 


The injection of the positively charged cetrimonium ion converted 
the negative interfacial potential of the dipalmitoyl lecithin mono- 
layer at  5 dyne cm.-I into a positive value. This effect represented 
a total change in the surface potential of 320 mv. for the highest 
concentration and of 200 mv. for the lowest concentration, both at  
YO min. Thus, the effects on the surface potential of the dipalmitoyl 
lecithin monolayer at  5 dyne a n - 1  by the injection of cetrimonium 
on cetyl sulfate ions are equivalent fast processes where the positive 
effect of cetrimonium cation is much larger than the negative effect 
of an equivalent amount of cetyl sulfate anion. 


The effects of the injection of cetrimonium and cetyl sulfate ions 
on the surface potential of a dipalmitoyl glycerol monolayer a t  5 
dyne cm.-l are compared in Figs. 4 and 5. The kinetics and the final 
equilibrium varied with the nature of the injected surfactant. Again, 
the kinetics of the interaction are contrasted most dramatically 
in the rate of change of surface pressure, A T ,  The interaction of 
cetrimonium cation with the dipalmitoyl lecithin monolayer was 
completed almost instantaneously at all concentrations studied, but 
the complete interaction of cetyl sulfate anion with the dipalmitoyl 
glycerol monolayer took up to 1 hr. The effect on the equilibrium 
surface pressure of the dipalmitoyl glycerol monolayer was about 
three times larger for cetyl sulfate anion than for equivalent amounts 
of cetrimonium cation. 


The injection of the negatively charged cetyl sulfate ion (0.25- 
4 p M )  quickly decreased the surface potential of the dipalmitoyl 
glycerol monolayer (Fig. 4) to -30--100 mv., and a light sub- 
sequent drift to lower negative values was noted. 
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Figure 6-Typical apparent first-order p/ors for the interaction of 
dipalmitoyl glycerol wirh cetyl sulfate ion. Curves are labeled wirh the 
final cetyl sulfate concentration. 
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Figure 5-Effecr of rhe injecrion of cetrimonium bromide (---) or 
sodium cetyl surfate (-) on the surface potential [A(AV)] of a 
dipalmitoyl glycerol monolayer at 5 dyne em.-.'. Curves are labeled as 
ro micromolarfinal concentrations of the injected surfactant ion. 


The injection of the positively charged cetrimonium ion produced 
increases in the surface potential of the dipalmitoyl glycerol mono- 
layer to the range of +220-+320 mv. Table I1 summarizes the 
average values of AT and A(AV) obtained. 


Kinetics of Interaction of Surfactant Ions with Monolayers-The 
effective changes in the surface pressure, AX, for the interaction of 
cetrimonium cation with dipalmitoyl glycerol and dipalmitoyl 
lecithin were essentially instantaneous processes under the experi- 
mental conditions. The new steady-state values were reached within 
a few minutes after the injection of the surfactant ions at practically 
all concentrations studied. 


The general pattern for the kinetics of the increase of surface 
pressure on the interactions of cetyl sulfate anion with dipalmitoyl 
lecithin was an apparent first-order increase to a new steady-state 
value, AreQ.  This was substantiated by the adherence of the data 


to the equation: 


log(Ar., - AT) = -k t  + log ( A n Q  - A@) (h. 1) 


as shown in Fig. 6. 
The apparent first-order rate constant was 0.081 min.-I and did 


not appear t o  depend, between the limits of the experimental error, 
on the surfactant ion concentration between 2 and 6 p M .  The 
curves a t  lower concentrations may have an induction period prior 
t o  the first-order attainment of their maximum value. 


The kinetics of the cetyl sulfate anion interaction with dipalmitoyl 
glycerol was similar, and several first-order plots in accordance 
with Eq. 1 are given in Fig. 7. Again, the apparent first-order rate 
constant, k = 0.075 min.-', for the achicvement of the new steady- 
state value (AT.,) appears t o  be independent, between the limits 
of the experimental error, of the surfactant concentrations studied. 


The rate constants for the interaction of cetyl sult'ate anion with 
dipalmitoyl glycerol and dipalmitoyl leclthin were reasonably coin- 
cident. 


DISCUSSION 


Configuration of Molecules Forming Monolayem-At the air/ 
water interface, water molecules are almost completely oriented 
with their negative vertices toward the air phase. The interaction 


Table 11-Surface Parameters of Dipalmitoyl Lecithin and Dipalmitoyl Glycerol Monolayers after the Injection of Cetrirnoniurn or 
Cetyl Sulfate Ions so that the Final Bulk Concentration is C 


rep7 An,,. A(AV). 
C, pM min. dyneslcm. mv. (90') 


Dipalmitoyl 
lecithin 


t 1 


ll 


Cetyl sulfate 


Dipalmitoyl 
glycerol 


Cetyl sulfate 


6 60 


4 60 
2 60 
1 75 
0 . 5  90 
0.25  > 180 
6 60 


4 60 
2 60 
1 60 
0 . 5  60 
0 .25  90 


20.4 


17.7 
9 . 1  
5 .7  
2 . 0  


32.6 


32.1 
2 4 . 5  
19.5 
12.4 
8 . 4  


- 45 Dipalrnitoyl 


- 72 
.-47 
- 56 
- 10 Cetrimonium 


-45 Dipalmitoyl 


-68 
- 44 
- 20 
- 52 Cetrimonium 
- 46 


lecithin 


11 


11 
glycerol 


6 


4 
2 
1 
0 . 5  
0 .25  
6 


4 
2 
1 
0 . 5  
0 .25  


5 6 . 4  


5 5 . 3  
5 5 . 2  
5 4 . 8  


15 4 . 2  
25 3 . 8  


5 18.6 


5 10.4 
5 7 . 4  
5 5 . 4  
5 3 . 5  
5 2 . 3  


+ 324 


+275 
+243 
+217 
+190 
+I78 
+ 290 


+324 
+222 
+213 + 178 + 140 
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Figure I-Typical first-order plots for the interaction of dipalmitoyl 
glycerol with cetyl sulfate ion. Curves are labeled with the final cetyl 
sulfate concentration. 


energy for this orientation is supplied by the electrical asymmetry 
of the water molecule (16-18). Dipalmitoyl glycerol does not have 
ionic groups. However, its two fatty acid ester linkages and an 
alcoholic group give it a high electronic density in the region that, 
because of its hydrophilicity, tends to be oriented toward the water 
phase. The fact that the spreading of a dipalmitoyl glycerol mono- 
layer at 5 dyne cm. -1 reduces the negative air/water interfacial po- 
tential from -470 to -10 mv. (Table I) can be interpreted as 
the net result of the introduction at the air/water interface of a di- 
pole with its positive end oriented to the air phase and its negative 
end oriented to the water phase. This fact and the 46 Aa area per 
molecule (Table I), roughly twice th? cross-sectional area of a 
saturated hydrocarbon chain (-20 A2) ,  suggest that the most 
probable statistical configuration of the dipalmitoyl glycerol mole- 
cule in the monolayer is that represented in Fig. 8, with the long 
vertical axis perpendicular to the plane of the interface. 


The phosphoryltrimethylethanolamine group of dipalmitoyl 
lecithin has a phosphate group and a trimethylammonium group. 
Acid-base titrations of phospholipid monolayers followed by mea- 
suring the surface potential at constant area per molecule have 
shown that the lecithins have a zwitterionic structure in which 
both the phosphate (PO4-) group and the trimethylammonium 
(N+) group are charged (19) between pH 3 and 7. 


The spreading of a dipalmitoyl lecithin monolayer at 5 dyne cm.-I 
reduces the negative air/water interfacial potential from -470 to 
- 130 mv. (Table I). Again, this effect can be accounted for by the 
introduction at the air/water interface of a dipole oriented with the 
positive end toward the air phase and the negative end toward the 
water phase. As before, this fact and the area per molecule of 55 A2 
(Table I) suggest that the most probable statistical position of the 
dipalmitoyl lecithin molecule would be almost perpendicular to the 
plane of the interface with the phosphoryltrimethylethanolamine 
group directed toward the water phase and the hydrocarbon chains 
directed to the air phase. 


Space-filling models show that unobstructed movements around 
the phosphate (PO4-) linkage permit the trimethylethanolamine 
group to  adopt different extreme positions related to the long vertical 
axis of the dipalmitoyl lecithin molecule (Fig. 9). The trimethylam- 
monium group can be extended toward the water phase below the 
phosphate group (Fig. 9a) or toward the air phase and over this 
group (Fig. 96). In both cases, an imaginary line passing through 
the P and N atoms, which could represent its dipole moment, would 
be parallel to the long vertical axis and contribute to the total 


Figure 8-Space-filling model of dipalmitoyl glycerol molecule. 


dipole moment of the molecule when measured along the vertical 
axis. 


The trimethylammonium group also can adopt such a position 
(Fig. 9c) that the imaginary line is perpendicular to the long vertical 
axis. In this position, the P-N dipole would not contribute per se 
to the total dipole moment of the molecule when measured along 
the vertical axis. Some indirect contribution could be expected, 
however, because of induction effects of the positively charged 
nitrogen group on the diester linkage. 


The average contribution of each molecule of the monolayer 
1.11 to the surface potential (AV) can be calculated using the equa- 
tion (9): p i  = 2.65.10-*.A.AV,inwhichp1istheapparent opera- 
tional total surface dipole moment per molecule in millidebyes 
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Figure 9-- Spoce-.fiIIitig model 0.f dipalmitoyl lecithin molecule showing (a ,  b,  and c)  the three differetit extreme posirioris of the pliosphoryltri- 
merliyletliatiolrimitie group. 


( 1  mD. = lo'* e.s.u.), A is the area per molecule in square Ang- 
stroms, and 6 V  is the surface potential of the monolayer in 
millivolts. 


The comparison of the s u r f x e  dipole moments of dipalmitoyl 
lecithin and dipalmitoyl glycerol (Table I) shows that the phosphoryl- 
trimethylethanolamine group slightly affects the apparent surftdce 
dipole moment of the dipalmitoyl glycerol moiety of the dipal- 
mitoyl lecithin molecule, which in both cases could be principally 
attributed to the two fatty acid ester linkages alone (2&24). This 
suggests that Ihc most probable statistical configuration of the 
phosphoryltrimethylamine group would be that represented in 
Fig. 9c. Here the perpendicularity of the P-N dipole to  the long 
vertical axis of the dicalmitoyl lecithin molecule eliminates its 
contribution to the total surface dipole moment of the molecule 
when measured along this axis; such is the case in the measurement 
of the surface potential of the monolayer. Measurements of elec- 
trokinetic potentials ( 2 3 ,  24), surfxe dipole moment, and surface 
pK (22. 25) indicate that this configuration exists in monolayers of 
octadecyl lecithin, dipalmitoyl phosphatidyl ethanolamine, and 
natural lecithin monolayers a t  the air/aqueous solution interface. 
A parallel configuration for this dipole was previously proposed 
(12). 


Affinities of Interactions-An insoluble monolayer at the airlwater 
interface can be considered as an ordered array of active sites for 
the adsorption of surfactant ions approaching the monolayer. The 
rate of adsorption is a function of the number of free active sites 
and the frequency of collisions of surfactant ions against the mono- 
layer. The rate of desorption is, in turn a function of the number of 
surfactant ions already adsorbed and the average probability per 
second that an adsorbed ion will become detached (26). 


If N ,  is the total number of active sites, N ,  is the number of active 
sites occupied by the adsorbed ions, Z is the frequency of collisions, 
and W is the probability of detachment, at equilibrium: 


(1 - N./N.).Z = N a . W  (Eq. 2) 


and rearranging: 


(NsINs) = 1 + (N*.w/Z) (Eq. 3) 


If ideal gas behavior is assumed, the frequency of collisions is 
given by: 


Z = A.ti(kT/2nm)'/: (Eq. 4) 


in which A is the total surface area, ti is the concentration, k is the 
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Figure 10-Typicalplots of A n d A n ,  ogainst I/n for the interactions: 
( A )  dipalmitoyl lecithin F! cetyl sulfate anion, ( B )  dipalmitoyl 
glycerol F? cetrimonium cotion, (C) dipalmitoyl glycerol + cetyl 
sulfate anion, and (D)  dipalmitoyl lecithin S cetrimonium cation. 


Boltman constant, T is the absolute temperature, r is 3.14, and 
m is the mass of the adsorbed particle. The average probability of 
detachment is given by: 


W = y.e-SikT (Eq. 5 )  


ip which Y is a frequency (sec.-l), and # is an energy of activation 
(27). 


Substituting and rearranging: 


in which n is the concentration (particles/cm.'). 
It may be. assumed that: (a )  each molecule forming the rnono- 


layer constitutes one and only one active site for the attachment 


of a surfactant ion, and (b) the increase in the surface pressure by 
the injection of the surfactant solution is due to  the attachment and 
interaction of the surfactant ion to  a molecule at  the monolayer. 
Thus, the maximum increase of the surface pressure occurs when 
each molecule at  the monolayer has a surfactant ion attached so 
that the ratio N J N .  is numerically equal to the ratio Ar, /Aa,  in 
which AT,,, is the maximum increment of the surface pressure. By 
letting : 


0%. 7) 


l / A r  = l/AT,,, + (E/Anrn).I/n (Eq. 8) 


It follows that from the plot of the reciprocal of the surface pressure 
increment against the reciprocal of the concentration at  equilibrium 
(Fig. lo), the values of A r m  and Ecan be calculated. 


B = (N./A)(Zum/kT)'/2. v *  e -+/kT 


Eq. 6 can be rewritten: 


From Eq. 7: 


and: 


I n b  = Inv  - $/kT (Eq. 10) 


Phospholipid monolayers exhibit surface phase transitions which 
are temperature dependent (8). Attempts to  obtain the value of the 
energy of activation by experimentally measuring the temperature 
coefficient of b would introduce an ambiguity in the definition of 
the state of the monolayer. However, the following approximative 
method can be used to  obtain $. 


The statistical thermodynamic derivation of the adsorption 
isotherm assumes that the motion of a localized adsorbed molecule 
is that of an oscillator in three dimensions, with two of them in the 
plane of the interface and the third dimension perpendicular to the 
plane of the interface (28, 29). The corresponding partition function 
for this last dimension is a function only of the temperature and of 
the classical oscillation frequency, U, which has the order of rnagni- 
tude of lo1* set.-' in typical cases (30). The values of the energy of 
activation calculated using Y = 10" s e c t  for each interaction are 
shown in Table 111. 


Our values for Y and $ may be compared with others obtained on 
a thermodynamic basis. Using Clausius-Clapeyron-type equations, 
integral heats of penetration of 12  kcal. mole-1 have been reported 
for the interaction of sodium lauryl sulfate with cetyl alcohol mono- 
layers spread a t  the air/water interface (6). If this value is used as 
an energy of activation, the procedure just outlined permits an 
estimate of Y = 0.8.10i2 sec.-' from the reported experimental 
data. 


Mechanism of Interaction-It has been suggested (31) that for 
solutions of long-chain alcohols, the disagreement between the 
rates of change of surface pressure and surface patential with time 
may be due to the time-dependent rearrangements of the dipoles 
at  the interface after adsorption. In the case of sodium cetyl sul- 
fate solutions (32), with or without a cholesterol or cetyl alcohol 


Table III-Estimated' Energies of Activation, $, of the Interaction of Dipalrnitoyl Glycerol and Dipalmitoyl Lecithin Monolayers with 
Cetrimonium or Cetyl Sulfate Ions 


Interaction 


Dipalrnitoyl glycerol 


Cetyl sulfate 
t i  


Dipalmit oyl glycerol 


Cetrirnonium 
Dipalmitoyl lecithin 


t+. 


Cetyl su Y fate 
Dipalrnitoyl lecithin 


Cetrimonium 1) 


13.7 7.8.10" 2.  19*1014 47 .4 .10-2~ 1 3 ,  2.10J 10.6 


37.6 59.6.10" 1.82-10" 53.6-10-25 114.4-102 9 . 4  


5.9 0.9 -10'' 1 .82.10i4 47.4 .lo- 2:: I .8-10:J 11.8 


1 . i ; B =  I (2) ( L ? m ) ' , y , e - & , A ' T ; y  = 1 0 1 2 s ~ ~ . - I  


k T  " Estimated by use of the relations: ---- - = -. -- 
A r e Q  A r , + A r ,  
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monolayer spread a t  the air/solution interface, the surface pressure 
increases with the compression of the monolayer while the surface 
excess concentration of the adsorbed cetyl sulfate anion does not 
change appreciably. 


The comparison of the curves of Figs. 2-5 suggests that the in- 
crease of the surface pressure and the increase of the surface po- 
tential may reflect two different steps of the interaction process. 
In spite of the differences in the rates of increase of the surface 
pressure by the injection of cetrimonium cation or cetyl sulfate 
anion, the rates of change of the surface potential increment are 
practically the same in all cases. More than 80% of this increment 
is achieved during the first 5-1 5 min. after the injection. 


This variation of the surface potential could be mainly the result 
of the attachment of the injected ion t o  the molecules that form the 
monolayer. The subsequent drift observed could be attributed to  
the variation of the surface dipole concentration because of a pro- 
gressive change in the surface pressure of the injected monolayer or 
because of a rearrangement of the adsorbed surfactant dipoles. 


This interpretation is supported by the fact that the injection of 
trimethyl(2-hydroxyethyl)ammonium chloride (choline chloride) 
up to a maximum concentration of 0.15 M beneath a dipalmitoyl 
glycerol or a dipalmitoyl lecithin monolayer does not affect the 
surface pressure for as long as 120 min. but increases the surface 
potential by 110 niv. in the first 10 min. 


If this hypothesis is correct, the increment of the surface pressure 
should reflect the interaction of the hydrocarbon chains of the in- 
jected surfactant ion with the hydrophobic moiety of the molecules 
that form the monolayer. Consequently, the value of Aneq repre- 
sents the maximum of this interaction in each case. 


Table 11 shows that the AT,, values for the injection of cetyl 
sulfate anion beneath a dipalmitoyl lecithin monolayer average 
about 12 dyne cm.-I lower than those corresponding t o  the injec- 
tion of cetyl sulfate anion beneath a dipalmitoyl glycerol monolayer. 
Thus, the presence of the phosphoryltrimethylethanolamine group 
decreases to some extent the interaction of the cetyl sulfate ion 
hydrocarbon chain, presumably already attached to  the tri- 
methylammonium group of dipalmitoyl lecithin with the hydro- 
phobic moiety of the monolayer. 


A similar effect can be observed for the interaction of the cetri- 
monium cation, but in this case the average difference is smaller 
and even inverted for the lower concentration. In this case it may 
be presumed that this cation is attached to  the phosphate group of 
dipalmitoyl lecithin. 


The comparison of the An,,  values for the interaction of cetyl 
sulfate anion and cetrimonium cation with dipalmitoyl glycerol 
monolayers shows a higher effect of the former on the surface 
pressure, even though both ions are of the same chain length. On 
the other hand, Table 111 shows that the energy of activation for 
both interaction processes have almost identical values (10.6-10.8 
kcal. m o k l ) .  The positive cetrimonium undoubtedly interacts with 
the high electronic density region of the hydrophilic moiety of the 
dipalmitoyl glycerol molecule through ion-dipole interactions, al- 
though some steric restrictions may exist so that the interaction of 
the hydrocarbon chains of the surfactant with the hydrophobic 
moiety of the dipalmitoyl glycerol molecules may be inhibited to 
some extent. 


A “reactivity series” has been claimed for the interaction of 
cholesterol monolayers with a series of dodecyl compounds with 
various ionic heads when the latter are injected in the subphase. 
Sodium lauryl sulfate (dodecyl sodium sulfate) was stated to be the 
“most reactive” and the dodecyltrimethylammonium iodide the 
“least reactive” (33). The experimental data of the original paper 
(Fig. 8, Rejerence 33) are expressed in terms of milligrams of in- 
jected surfactant. When these experimental data are recalculated 
using surfucrcurr ion . ~ r n . - ~  as the concentration units, the method 
outlined above gives the same value (1 1.2 - 1 1.4 kcal. mole-’) for 
the energy of activation for either interaction. 


Thus, the results obtained with nonionic dipalmitoyl glycerol 
monolayers and cetyl sulfate anion or cetrimonium cation injection 
compare with these corrected values and strongly suggest that the 
main forces involved in the interaction process between the hydro- 
carbon chain of the injected surfactant ion and the hydrophobic 
moiety of the molecules that form the monolayer are of the van der 
Waals type. 


The comparison of the cetyl sulfate anion and cetrimonium 
cation interactions with dipalmitoyl lecithin monolayers shows 
higher An,,  values for cetyl sulfate at  6, 4, 2, and 1 p M  concen- 


trations. At 0.5 p M ,  the value is higher for the cetrimonium interac- 
tion (Table 11). The energies of activation are significantly different 
for the interaction of cetyl sulfate anion (9.4 kcal. mole-’) and 
cetrimonium cation (1 1.8 kcal. mole-’) (Table 111). However, the 
almost identical energies of activation for the interaction of these 
ions with dipalmitoyl glycerol monolayers permit the conclusion 
that the observed difference with dipalmitoyl lecithin monolayers 
is due t o  the presence of the phosphoryltrimethylethanolamine 
group. 


It can be safely assumed in the case of dipalmitoyl lecithin that 
the cetyl sulfate anion tends to  be attached electrostatically to the 
trimethylammonium group while the cetrimonium cation tends to 
be similarly attached to  the phosphate group. The difference in 
the energies of interaction indicates that the ionic groups of di- 
palmitoyl lecithin are not equivalent in the perturbation that they 
introduce in the state of an attached hydrocarbon chain, as re- 
flected by the differences in the surface pressures of the monolayers. 


This difference may be explained by the different mobilities that 
a hydrocarbon chain would have when attached t o  one or the other 
ionic attraction centers of the phosphoryltrimethylethanolamine 
group. The attachment of the cetrimonium cation to the phosphate 
group would be equivalent t o  the attachment of this ion to  the re- 
gion of high electronic density of dipalmitoyl glycerol because of 
the position of the phosphate group in the dipalmitoyl lecithin 
molecule. However, when the unrestricted movement of the tri- 
methylammonium group around the phosphate linkage is taken into 
account, the attachment of the cetyl sulfate anion to the tri- 
methylammonium group would necessarily produce a completely 
different situation fcr the attached hydrocarbon chain. 


Biomembrane Implications-It has been proposed that transitions 
between “open” and “closed” configurations on biomembranes 
produced by the geometrical changes of the micellar form of the 
lipidic micelles of the membrane could provide a basis to explain 
protoplasmic streaming, ameboidal locomotion, and active trans- 
port (34). This was based on the assumption that one principal 
regulating factor is the local charge distribution in the thin crust 
of water, which is oriented and compressed or expanded to varying 
degrees a t  the membrane interfaces. 


The large movement of flexible dipoles at  one end of the long 
hydrocarbon chain of phospholipids has been rationalized to  
control the ion flow in biomembranes by acting as a gate opetated 
by changes in the electric field (35). This model proposes that the 
gate mechanism is highly sensitive t o  the nature of the approaching 
ion. 


The selective expansion effect of sodium ions on dipalmitoyl 
lecithin monolayers (1 1) has been used jointly with the measure- 
ments of unidirectional flux of sodium ions from the outer bathing 
solution into the epithelium to  ccnclude that the penetration of 
sodium ions does not occur by simple diffusion but depends cn a 
specific interaction of the sodium ions with the polar groups of the 
outer leaflet of the plasma membrane (36). 


All these views have the common characteristic that the lipids 
of the cell membranes react differently according to the nature of 
the approaching ion or molecular species. 


The observations reported here that identical hydrocarbon chains 
attached to  the positive or to  the negative attraction centers of 
dipalmitoyl lecithin molecules produce different perturbations in 
the state of the monolayer with different energies of activation gives 
some insight into the molecular characteristics of these interactions 
and on how the approaching molecule could affect the microstates 
of biomembranes. 


Studies are in progress on the effect of chain length on the energy 
of activation and the variations of the monolayer properties. These 
studies should give further insight into the dynamics of biomem- 
brane interactions with pharmacologically important molecules. 
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Electron Impact Fragmentation Studies of P-Blocking Drugs and 
Their Metabolites by GC-Mass Spectroscopy 


DANIEL A. GARTEIZ‘ and THOMAS WALLE 


Abstract This work describes the mass fragmentation patterns of 
trifluoroacetylated derivatives of five aryloxy p-blocking drugs as 
well as five metabolites of this chemical and therapeutic class. This 
chemical class is characterized by intense ions at m/e 308, 266, and 
43 and by a strong metastable ion at  m/e 229.2. The mechanism of 
fragmentation was confirmed with the hexadeuterated (ds) analogs 
of these compounds. In addition, mass spectral features are de- 
scribed for three arylulkyl p-blocking drugs. These mass spectral 
data should facilitate the rapid and accurate determination of the 
metabolic fate of these and other p-blocking drugs of this chemical 
class. 


Keyphrases 0 p-Adrenergic blocking agents and metabolites- 
mass fragmentation patterns of trifluoroacetyl derivatives 0 Me- 
tabolites of 8-adrenergic blocking agents-mass fragmentation 
patterns of trifluoroacetyl derivatives Electron impact fragmenta- 
tion patterns-padrenergic blocking agents and metabolites, GC- 
mass spectroscopy 0 GC-mass spectroscopy-electron impact 
fragmentation patterns, a-adrenergic blocking agents and me- 
ta bolites 


Rigorous qualitative or quantitative studies in drug 
metabolism ultimately require proof of the molecular 
structures under investigation. These structure deter- 
minations must frequently be carried out on submicro- 
gram quantities of drugs and drug metabolites in com- 
plex chemical mixtures of biological origin and can 
become difficult, time consuming, and expensive. 


The combined gas chromatograph-mass spectrom- 
eter has provided a powerful tool to  facilitate structure 
elucidation of compounds eluting from a GC column. 
Proof of structure by this technique still requires a com- 
parison of recorded mass spectra to  those of pure refer- 
ence compounds, or a thorough knowledge of rigor- 
ously established fragmentation mechanisms of the 
chemical class under investigation may suffice. 


This report describes electron impact fragmentation 
patterns and associated mechanisms for trifluoroacety- 
lated derivatives of a pharmacologically complex and 
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Metabolites of Furazolidone in Urine of Chickens 


ELLIOTT M. CRAINE. and WILLIAM H. RAY 


Abstract Colostoniized chickens were medicated with single oral 
doses of the antibacterial furazolidone. An average of 7.5 =t 3.0% 
of the dose was excreted in the urine within 12 hr. as compounds 
measured by a procedure in which they react to form 5-nitrofurfural 
phenylhydrazone. Chromatographic analysis detected four metabo- 
lites containing a furan ring. Only one metabolite reacted to form 5- 
nitrofurfural phenylhydrazone. Elimination of the metabolites with 
a furan ring was complete in 12 hr. Only traces of furazolidone were 
detected by the chromatographic procedure. 


Keyphrases 0 Furazolidone-metabolites in urine, chickens 0 
Nitrofurans-furazolidone metabolites determined in urine, 
chickens 


Furazolidone, N-(5-nitro-2-furfurylidene)-3-amino-2- 
oxazolidinone, has found considerable use in the animal 
health field as an antibacterial (1). In general, the group 
of compounds known as nitrofurans are rapidly me- 
tabolized by birds and mammals. The degradation path- 
ways vary from one compound to  another, but some 
generalities do seem to exist. Metabolites closely re- 
lated to the parent compound are excreted in the urine 
in many cases (2-4). Also, with some compounds, 
metabolism is so extensive that carbon atoms of the 
molecule appear in  the normal body constituents ( 5 ,  
6) .  Paul et al. (2) detected drug-related metabolites of 
nitrofurans in urine of laboratory animals by exam- 
ining the UV absorption spectra. Tennent and Ray 
(3, 6 )  separated the drug-related metabolites of fur- 
azolidone in pig urine by ion-exchange chromatography. 
In the present work the methods of Tennent and Ray 
were used to determine the extent of metabolism of 
furazolidone and whether drug-related metabolites 
could be detected in urine of chickens medicated with 
the compound. 


EXPERIMENTAL 


Chemicals and Materials-The following were used: phenyl- 
hydrazine hydrochloride'. reagent grade sulfuric acid', reagent 
grade hydrochloric acid', reagent grade sodium chloride'. spec- 
trophotometric grade toluene?, reagent grade isopropano12, reagent 
grade aluminum oxidea, 95 ethanol4, practical grade 2,6-lutidine 
(redi~tilled)~, 5-nitro-2-furoic acid', and fura~olidone~. 


Dowex I-X2, 20@400 mesh (chloride cycle), was cycled to  the 
sulfate form with sulfuric acid, t o  the hydroxyl form with sodium 
hydroxide, and back to the chloride form with hydrochloric acid. 
Two buffers were used in the chromatographic development : 
Buffer A, pH 7.2, contained 0.3 M 2.6-lutidine and 0.05 N hydro- 
chloric acid; and Buffer B, pH 6.6, contained 0.3 M 2,6-lutidine, 
0.15 N hydrochloric acid, and 2.0 M sodium chloride. 


J .  T. Baker Co. 
Matheson, Coleman and Bell. 


3 Merck and Co. 
4 U. S. Industrial Chemicals Co. 


Eastman Kodak Co. 
F, Prepared by R. E. Bambury. 
7 Hess and Clark, lot 9159. 


Metabolism Studies-White Rock broiler chickens ( I  .7-1.8 kg.) 
were colostomized by a surgical technique similar to that of Roths- 
child (7). Urine free of feces was collected in rubber condoms taped 
over the cloaca1 vent. Within 3 days after surgery, the chickens were 
well adjusted for metabolic experimentation. Housed in individual 
cages, the birds consumed feed and water and moved about freely 
during experiments. Control of lighting kept the birds in complete 
darkness from 8 p.m. to 8 a.m. 


Furazolidone was administered orally in a water suspension. 
For preparation of the dose, 60 g. of micronized furazolidone was 
encapsulated in partially hydrolyzed gelatin and mixed with 40 g. 
of sodium citrate. A 1 water suspension of the dry mixture con- 
taining 10.7 mg. of furazolidone/ml. was used. The suspension 
(2.0-3.8 ml.) was forced down the esophagus to the proventriculus 
by way of siliconized rubber tubing. Regurgitation of the drug did 
not occur. Ten colostomized chickens were held in individual cages, 
and control urine was collected for a 6-hr. period. A single dose of 
furazolidone at  a level of 30 mg./kg. body weight was given to  each 
bird. In Experiment I, urine was collected in 6-hr. periods for 24 
hr. after dosage from one male and three female birds starved for 
15 hr. before dosage. In Experiment 11, urine was collected in 5-hr. 
periods for 20 hr. after dosage from six male birds starved for 24 
hr. before dosage. 


Urine from each collection period was removed to a centrifuge 
tube. Collection bags were washed with 3 ml. of water three times. 
The mixture was centrifuged at low speed. The clear supernate was 
decanted and the volume was measured. The amount of nitro- 
furfural moiety was determined on duplicate aliquots at once. The 
urine from all birds for each period was combined and divided into 
25-ml. portions which were stored at  -25". 


Analytical-Furazolidone and related nitrofurans react in acid 
with phenylhydrazine to form 5-nitro-2-furftiraldehydephenyl- 
hydrazone, which can be transferred to a solvent and measured 
spectrophotometrically (8). An aliquot of solution to be assayed 
(1.0 or 2.0 ml.) was diluted to 10 ml. in a centrifuge tube. One 
milliliter of a 1.5% solution of phenylhydrazine (prepared daily) 
was added with vigorous mixing, followed by addition of 1 ml. of 
12.3 N hydrochloric acid with vigorous mixing. After 40 min. at  
40", the mixture was extracted with 5.0 ml. of toluene. Emulsions 
that developed with samples such as urine were broken by slow 
speed centrifugation. For purification, a 4.0-ml. portion of the 
toluene phase was mixed with 1 g. of aluminum oxide in a centri- 
fuge tube. The 5-nitro-2-furfuraldehydephenylhydrazone adsorbed 
to  the alumina, showing a red color which was a qualitative test for 
that specific hydrazone (9). T o  elute the hydrazone. isopropanol(O.4 
ml.) was added to  the mixture which was then centrifuged. Some 
impurities remained adsorbed on the alumina. The absorbance of 
the solution was determined at  437 nm. in a spectrophotometer* 
modified with a photometer9 A linear relation between absorbance 
and concentration was obtained in a range of 0.02-0.75 pmole of 
furazolidone. Values are expressed as micromole equivalents of 
furazolidone. Urine was collected from each bird before medication 
and was used as a control t o  correct analyses after medication. 
Absorbance values were 0.01-0.02 for 1.0 ml. of control urine. 


Urine samples were chromatographed on columns (11 X 300 
mm.) of Dowex I-X2 in the chloride form. Methods were modifica- 
tions of those of Tennent and Ray (6). Elution was accomplished 
with a gradient system similar t o  that of Peterson and Sober (10). 
using four chambers to raise sodium chloride concentration to 2.0 
M .  The first three chambers contained Buffer A and the fourth 
contained Buffer B. The columns were operated at room tempera- 
ture in a darkened area with a flow of about 0.6-1 .O ml./min. The 
effluent was collected in 5-ml. fractions with a siphon device. The 
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Table I-Excretion of Compounds in the Urine of Chickens after Single Oral Doses of Furazolidone Measured by the 
Phenylhydrazone Assay Method 


Furazolidone --Equivalents of Furazolidone Excreted- 
in the Dose, First Period, Second Period, Total Amount 


Experimenta Bird Number Sex pmoles pmoles pmoles Total, pmoles Excreted, 


i 1 M 133 
2 F 1 20 
3 F 88 
4 F 97 
5 
6 
7 


M 
M 
M 


157 
133 
181 


5 . 5  2 . 9  8 .4  
3 . 5  1 . 1  4 . 6  
6 . 4  1 . 5  7 . 9  
7 . 7  0 . 3  8 . 0  
3 . 1  


16.1 
15 .3  


1 . 7  
1 . 5  
0 . 9  


5 . 4  
17 .6  
16 .2  


6 . 3  
3 . 8  
8 . 9  
8 . 2  
3 . 4  


13 .2  
9 . 0  


8 M 152 5 . 9  1 . 5  7 . 4  4 . 8  
9 M 109 1.1 3 . 2  10 .9  10 .0  


lob M 167 9 . 3  3 .8  14 .2  8 . 5  
Average 7 . 5  


a Values are equivalents of furnzolidone excreted in  the urine in  each collection period. In Experiment I. urine was collected in 6-hr. periods for 
24 hr. In Experiment 11. urine was collected in 5-hr. periods for 20 hr. * The false anus of bird 10 became plugged the night before the ex- 
periment and remained plugged throughout the experimental procedure. 


absorbance of each fraction was measured at  320 and 375 nm. in 
the spectrophotometer modified with the photometer. Selected frac- 
tions or combinations were assayed by the phenylhydrazone proce- 
dure. Absorption spectra wert: determined in a recording spec- 
trophotometer lo. 


Uric acid was measured by a semiquantitative assay to determine 
the position of uric acid in the chromatographic elution pattern 
rather than to measure amounts present. The reagents of Benedict 
and Franke ( 1  I )  were used. In ti colorimeter tube. a 5.0-ml. aliquot 
of sample was mixed with 1.5 ml. of arsenophosphotungstic reagent 
and 0.3 ml. of sodium cyanide reagent. The tubes were shaken 
gently for 5 min., diluted with 5 ml. of water, and read in a colorim- 
eterll at  520 nm. The measure was adequate in a range of 2-15 
mcg./sample. 


RESULTS 


Each chicken administered furazolidone excreted urinary com- 
ponents which responded positively to the phenylhydrazone assay. 
The response indicated that the compounds contained the nitro- 
furfuraldehyde portion of the parent molecule. The micromole 
quantities excreted by individual birds, expressed as furazolidone 
equivalents, are summarized in Table I. The excretion was complete 
in 12 hr. since the assay procedure did not give a positive response 
in the urine of birds collected in  10-24 lir. after the dose was given. 
The exception was bird number 10 which excreted 1.1 pmoles i n  the 
third period (10-15 h r . ) .  However, the false anus of that bird was 
closed through the entire experimental period and was considered 
unsatisfactory. An average of 7.5 & 3.0% (SD) of the dose was 
excreted as these components from the nine birds within 12 hr. 
after dosage. 


Chromatography-Portions of  the urine samples from the two 
experiments were examined by the anion-exchange chromatography 
procedure. Eight major components were detected by monitoring 
the absorbance of the column effluent at 320 or 375 mi. Figure 1 is 
a typical chromatogram of urine after medication with furazolidone 
where absorbance of effluent I S  plotted against fraction Iiumher. 
The individual components detected are summarized in Table 11. 


Control urine contained three of the eight urinary components. 
Uric acid dominated all chromatographic patterns. The other two 
chromatographic bands of the control urine (Components 1 and 2) 
probably were mixtures. Control urine absorption a t  320 nm. 
detected a component at about the position of Component 8. 
The absorption spectrum showed no bands above 300 nm. 


The remaining five bands or components were induced by the 
medication. Four were compounds of unknown structure: 3, 5 ,  7, 
and 8. Two bands had strong absorption maxima at  415 nm. and 
were designated “41 5” metabolites. The properties of Component 4 
were the same as those of furazolidone. Both had an absorption 
spectrum with a maximum at 358-360 nm. and both gave positive 


Beckmaii DK-la. 
Spectronic 20. 


response to  the phenylhydrazone assay. When authentic furazoli- 
done was added to control urine and chromatographed, it eluted 
as a discrete band peaking at  the same position as Component 4. 
With the phenylhydrazone assay, recoveries of furazolidone were 
in the range of 73-81 %. The chromatography would detect furazoli- 
done if as much as 0.5 pmole were eliminated in a collection period 
which would be about 0.5 


The individual components separated by the chromatography 
were assayed by the phenylhydrazone procedure. Two components, 
the orange 315-A metabolite (7) and furazolidone (4), gave a posi- 
tive reaction. None of the other metabolites in the column effluent 
reacted to  form 5-nitrofurfural phenylhydrazone or any other de- 
tectable phenylhydrazone. Recoveries across the column based on 
the phenylhydrazone assay were only in the 50-727; range, and it is 
possible that other urinary components were present which were 
unstable and not detected by the chromatography. 


of the dose under the conditions used. 
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Figure 1-loti-exchange chrvmatogrom of urine lrvm a chicken 
medicated with fiirazvliclorie. 
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Table 11-Components of Chicken Urine after Medication with 
Furazolidone Detected by Anion-Exchange Chromatography“ 


~~ ~~~ 


Peak of 
Com- Component, 


ponent Tube 
Number Number Component and Properties 


1 7 


2 9 


3 16 


4 23 


8 


28 


41 
90 


119 


An unknown present in control urine 
which has no specific absorption bands 
above 300 nm. 


An unknown present in control urine with 
an absorption band with a maximum at 
380 nm. 


An unknown metabolite with an absorp- 
tion band with a maximum at 325 nm. 


A component with the properties of fur- 
azolidone: has an absorption band with 
a maximum at 358 nrn., responds posi- 
tively to the phenylhydrazone assay, 
elutes a t  the same position as known 
furazolidone 


An unknown metabolite with an absorp- 
tion band with a maximum at 325 nm. 


Uric acid detected by the colorimetric test 
Designated the 415-A metabolite, which 


has orange color and an absorption 
band with a maximum at 415 nm. and 
responds positively to the phenylhydra- 
zone assay 


Designated the 415-B metabolite, which 
has yellow color and an absorption band 
with a maximum at 415 nm. and does 
not respond positively to the phenyl- 
hydrazone assay 


Q Refer to Fig. 1 for position of band peak. 


Orange 415-A Metabolite-A combination of fractions contain- 
ing the 415-A component from several columns was freeze dried. 
When the dry preparation was stirred with a small volume of water, 
the orange compound went into solution easily. The insoluble salt 
was filtered out on coarse fritted glass. A portion of the solution 
containing 439-mcg. equivalents by the phenylhydrazone assay 
was chromatographed. The component eluted in the same position. 
However, two other components appeared which probably were 
degradation products. The 415-A band assayed 309-mcg. equiva- 
lents by phenylhydrazone, giving a 71 2 recovery. The first degrada- 
tion component had nonspecific absorption in the 300-450-nm. 
region, while the second compound had an absorption maximum 
at 316 nm. 


The pH of a portion of the orange 415-A solution was adjusted 
to 3 with 1 N HCI. The orange color was extracted with butyl ace- 


tate. The extract was concentrated to  dryness on a rotary evapora- 
tor, and the residue was dissolved in water. Chromatography of a 
portion showed that purification had occurred in the transfer t o  
butyl acetate. A single chromatographic component appeared at  
the elution position of Component 7. 


DISCUSSION 


In agreement with previous work, the results here indicate that 
furazolidone is rapidly metabolized and eliminated by chickens. 
The present work also suggests extensive degradation of the mole- 
cule. Metabolites that retain the furan ring would have absorption 
bands with maxima above 300 nm. (2). Compounds with such spec- 
tra were detected by the methods used here. The present work indi- 
cates that: (a )  metabolites containing the furan ring appear in the 
urine, but metabolism and elimination are rapid so they are not 
present 10 hr. after administration of furazolidone; and (h )  metabo- 
lites that respond to  the phenylhydrazone assay do not account for 
the major portion of the dose. 
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Characterization of Adjuvant Mineral Oils 


H. J. O’NEILL*A, T. N. YAMAUCHI*, P. COHENt, and M. C. HARDEGREEt 


Abstract 0 Analysis of two lots of mineral oil indicated the overall 
composition to be quite similar with two major hydrocarbon 
ranges: a low range from Cl4 to Go with a maximum at C16 and a high 
range from GO to CJ0 with a maximum at Ga. The low range 
components represented 40.8 and 49.3 wt.x of Lots Q-9 and Q-lo, 
respectively. Urea fractionation of the paraffin-naphthene fraction 
from silica gel chromatography yielded 28.2 and 28.8 wt. for Lots 
Q-9 and Q-10, respectively. The nonadductable material consisted 
of highly branched and cyclic structures containing up to four- 
ring systems. The total butyl phthalate content in Lots Q-9 and 
Q-10 was 13.2 and 7.0 p.p.m., respectively, with the ratio of mono- 
butyl phthalate to  dibutyl phthalate being 9 : l .  No evidence was 
found to indicate the presence of polynuclear aromatic hydro- 
carbons. 


Keyphrases 0 Mineral oils, adjuvant-separation, UV and mass 
spectrometry characterization 0 Phthalate esters-identification 
in adjuvant mineral oils 0 Adjuvant mineral oils-separation, 
UV and mass spectrometry characterization 0 GC-separation 
of mineral oil components UV spectrophotometry-charac- 
terization of mineral oils Mass spectroscopy-characterization 
of mineral oils 


Mineral oil1 for adjuvant use is a light oil consisting 
of a blend of oleum-treated charge stocks (1) and, along 
with the emulsifier mannide monooleate*, constitutes 
Freund’s incomplete adjuvant preparation (2). This 
adjuvant has found widespread experimental use over 


Drakeol 6VR mineral oil manufactured by the Pennsylvania 
Arlacel A. Atlas Chemical Industries, Wilmington, Del. 


Refining Co., Butler, Pa. 


the years for enhancing antibody responses to viral 
and bacterial antigens and for hyposensitization of 
certain allergic individuals ( 3 ) .  Recently, the safety of 
this adjuvant for use in humans has been questioned 
due to the long-term persistency (4, 5) of the mineral 
oil in the tissue at  the injection site and because of 
various pathological changes which have been observed 
in experimental animals and man ( 3 ,  6-8). In view of 
these findings as well as those of others relating to 
either the carcinogenic or cocarcinogenic properties 
of mineral oils in general (9-1 l), an analytical study was 
initiated. 


EXPERIMENTAL 


Materials-Two commercial lots of mineral oil (Lots Q-9 and 
Q-10) were obtained from the manufacturer and consisted of three 
basic charge stocks representing 61, 31, and 8% of the total oil3. 
Column chromatography was conducted employing silica gel4 
(mesh 60-200) and alumina6 (chromatographic grade F20). All 
solvents were reagent grade and were distilled before use. 


Column Chromatography-Mineral oil, Lot Q-9, was chroma- 
tographed over silica gel as the first step in the overall fractionation 
procedure (Scheme I). For this separation, 300 g. of mineral oil was 
dissolved in 500 ml. petroleum ether (30-60”) and introduced over 
1140 g. of silica gel. The column was eluted sequentially with 
petroleum ether, benzene, and absolute methanol. Alumina chro- 
matography of the derived benzene fraction was carried oul by 


3 Personal communication, Mr. Charles Steenbergen, Pennsylvania 


4 Davison Chemical, Baltimore, Md. 
6 Alcoa Chemicals, Bauxite, Ark. 


Refining Co., Butler, Pa. 
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adductable 


Scheme I-Fractionation scheme for mineral oil Lot Q-9 


FR-IIa FR-IIb FR-IIc FR-IId FR-IIe FR-I1 f 
petroleum 10 benzene- 20 benzene- 50 % benzene- benzene methanol 


(0.096 %) (0.00473 (0.0008 %) (0.000387J 
ether petroleum ether petroleum ether petroleum ether (0.00034 %) (o.ooo1m 


charging 270 mg. of sample over 25 g. of adsorbent. The sample 
was eluted with successive volumes of: (a) petroleum ether, ( 6 )  
10% benzene in petroleum ether, (c) 2 0 z  benzene in petroleum 
ether, ( d )  50% benzene in petroleum ether, ( e )  100% benzene, and, 
finally,(/ )methanol. 


Urea Fractionation of Paraffin-Naphthene Fraction-The com- 
bined paraffin-naphthene fraction (FR-I and FR-110) from the 
column chromatography separation of Lot Q-9 was subjected to 
fractionation by urea complexation. This separation was necessary 
to class fractionate the paraffinic and naphthenic components prior 
to GC-mass spectrometry characterization. 


The general procedure used for the urea fractionation (12) 
involved the addition of a weighed aliquot of the hydrocarbon 
material (FR-I and FR-110) to  a mixture of acetone and urea, and 
the contents were stirred vigorously for 1 hr. and filtered. The 
solid residue was then slurried with a saturated solution of urea 
in acetone and filtered, and the solid filter cake was transferred to  a 
flask containing hot distilled water t o  decompose the urea-hydro- 
carbon clathrate. The cooled water-urea-hydrocarbon mixture was 
extracted three times with hexane. The first extraction yielded 
virtually all of the normal hydrocarbon material. A second extrac- 
tion yielded a trace of oil, and a third extraction failed to  yield any 
additional product. The naphthenic material was recovered from 
the acetone filtrates by diluting with cold distilled water and 
extracting the oil with rz-hexane. The hexane extract was dried 
over anhydrous sodium sulfate and concentrated. 


GC of Fractionation Products-GC analyses6 were performed on 
all the Q-9 fractions derived from the various fractionation pro- 
cedures shown in Scheme I. For this analysis, a temperature-pro- 
grammed (2"/min.) run was madc from 125 to 325" on a 3.7-m. 
X 0.5-cm. (12-ft. X 0.19-in.) OV-l ( 3  wt. %) column using dual 
hydrogen-flame detection. Samples were prepared for analysis 
by diluting 10 mg. of each fraction to  1.0 ml. with tz-hexane and 
injecting 1 pl. of the solution. Fractions yielding less than 10 mg. 
were diluted proportionately with a 1WpI. syringe. 


, 


8 Loenco model 70. 


Mass Spectroscopy7-GC-mass spectrometry studies were 
conducted on the OV-I column by scanning each peak up to mass 
500 at a scan speed of 7 sec. 
UV Absorption Data*-The UV absorption spectra obtained for 


the various alumina chromatography fractions (Lot Q-9) were 
carried out by preparing known concentrations of each fraction 
in isooctane and scanning the region between 200 and 400 nm. a t  
10 A/sec. 


RESULTS AND DISCUSSION 


In the preliminary silica gel chromatography fractionation of 
Lot Q-9, the petroleum ether eluate (FR-I. 99.9%) contained the 
paraffin-naphthene components, while the benzene fraction (FR- 
11, 0.10 wt.%) concentrated any aromatic or olefinic material 
present. Absolute methanol was used as a polar solvent phase to  
displace the benzene from the column and, on subsequent concentra- 
tion, was free of any solute material. IR analysis of the benzene 
fraction indicated the presence of residual hydrocarbon material 
and thus necessitated the further separation of this fraction over 
alumina. The recoveries obtained for the alumina separation 
(Table I) indicated about 92.7 wt. % of neutral paraffin-naphthene 
material, characteristic of Fraction I, was carried over into Frac- 
tion 11. This hydrocarbon material, identified as FR-IIo, was re- 
combined with FR-I of the silica gel fractionation. The remaining 
fractions from the alumina chromatography (116, l lc,  lld, Ile, 
and IIf) amounted to  0.00562 wt.% (56.2 p.p.m.) of the original 
mineral oil (Lot Q-9). A modified procedure, replacing silica gel 
with silicic acid, yielded a total aromatic content for Lot Q-10 
of 0.0025 wt.%. The weight ratio of the two benzene fractions 
(Q-9/Q-l0 = 2.30) was in general agreement with UV absorption 
data obtained on the two original samples. In this case the ratio 


7 GC-mass spectrometry analyses were carried out on a Perkin- 
Elmer model 881 gas chromatograph coupled to a Hitachi-Perkin- 
Elmer RMU-6D mass spectrometer. 


8 Cary model 14. 
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Table I-Alumina Chromatography of Benzene Eluate 
from Silica Gel Chromatography of Mineral Oil 
(Lot Q-9, Charge = 270 mg.) 


-----Yield5 . 
Wt. z Wt. % 


Fraction Solvent Phase g. FR-I1 (Q-9) 


IIa Petroleum ether (30- 0.2505 92.7 0.0964 


IIb 10% benzene in petro- 0.0107 3.97 0.0041 


IIc 2 0 z  benzene in petro- 0.0021 0.78 0.0008 


60 ") 


leum ether 


leum ether 


leum ether 
IId 50% benzene in petro- 0.0010 0.37 0.00038 


Ire 1007 benzene 0.0009 0.33 O.OOO34 
IIf 100% methanol - - - 


0.2652 98.15 m 2  


a Recovery 98.15%. 


of the two specific absorption coefficients (Q-9/Q-lo) at  272 nm. 
was 1.89. The difference between these two ratios can be attributed 
to residual levels of paraffinic material in these two fractions, while 
the UV values would be influenced by the nature of the material 
exhibiting the 272-nm. absorption. 


By subjecting the paraffin-naphthene (petroleum ether eluate) 
fractions to urea complexation, a separation was made of the 
straight-chain hydrocarbons from the multibranched and cyclic 
structures. The yields of the urea adductable (straight-chain) 
fractions from Lots Q-9 and Q-10 amounted to  28.2 and 28.8 wt. %, 
respectively, while the nonadductable (multibranched, cyclic) 
fractions of Q-9 and Q-10 amounted to 71.8 and 71.2 wt.%, re- 
spectively. The urea adductable and nonadductable fractions iso- 
lated from Lot Q-9 were then submitted to G C  analysis along with 
aliquots of the two original fluids. 


i f-thgh Range- Low Range 
I % 
I 


0 
'I7 Y I 


I 
I 


I I I I 1 
~~ 


50 45 40 35 30 25 za 15 10 
MINUTES 


Figure 1-GC separation of original miiieral oil samples, Lots Q-9 
(top) atid Q-10 (bottom). 


The GC elution profiles of the original mineral oils, as expected, 
revealed an extremely complex distribution of components (Fig. 1). 
In general, both lots (Q-9 and Q-lo) appeared very similar and 
exhibited two principal hydrocarbon ranges: a low hydrocarbon 
range of components from CIa to GO and a high hydrocarbon 
portion ranging from Cpl t o  CBo. The average component distribu- 
tion throughout the light range exhibited a maximum at hexa- 
decane (C1& The average hydrocarbon chain length of the high 
hydrocarbon range was C2:, (pentacosane), but component resolu- 
tion in this range was represented by a poorly defined continuum. 
This type of curve is frequently encountered when the plate effi- 


Table 11-GC Data as Based on Urea Adductable and Nonadductable Fractions of Lot Q-9 and on 
Original Mineral Oil Fluids (Lots Q-9 and Q-10) 


- - - W e i g h t  Percent of Original Fluido-d-- 
Peak Equivalent Urea Adauct + Nonureaidduct = Total -Weight Percent of Original- 


Number Carbon Length (FR-Iu) (FR-Ib) Q-9 Q-9 Q-10 


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 


14.00 
0.41 
0.66 


15.00 
0.47 
0.64 


16.00 
0.46 
0.64 


17.00 
0.48 
0.64 


18.00 
0.47 


19.00 
0.62 


20.00 


20. I to 21 .00 
21.1 to 22.00 
22.1 to 23.00 
23.1 to 24.00 
24.1 to 25.00 
25.1 to 26.00 
26.1 to 27.00 
27.1 to 28.00 
28.1 to 29.00 
29.1 to  30.00 
30.1 to  31 .OO 


0.03 


0.07 
2.10 
0'27)0.60 0.33 
5.53 


- 


;: 3 1 .20 
3.38 
0.11 
0.08 
0.21 
N.D. 
0.08 
0.07 
0.18 


0.58 
1.08 
1.56 
1.95 
2.24 
2.34 
1.94 
I .  18 
0.65 
1.07 
N.D. 


Low Range 


0.28 
0.86 
2.0 
6.7 
5.8 
7 .6  
2 . 9  
0.72 
N.D. 
0.14 


N.D. 
0.09 


0.18 


2 .9  
4 . 0  
5.6 
6 .3  
7 .4  
6 .9  
4 .9  
3 .4  
2 . 2  
0.79 
0.14 


- 


- 


High Range 


0.03 
0.28 
0.93 
4 . 1  
7.30 


11.33 
8.80 
6.28 
0.83 
0.08 
0.35 
N.D. 
0.17 
0.07 
0.36 


3.48 
5.08 
7.16 
8.25 
9.64 
9.24 
6.84 
4.58 
2.83 
1.85 
0.14 


0.12 
0.26 
0.81 
4.0 


: :)7.0 


2::)8.1 
7 .2  
0.82 
N.D. 
0.24 
N.D. 
0.24 
0.26 
0.51 


2.3 
4 . 0  
6.9 
7 . 0  
9.6 
9.1 
8.0 
6 . 0  
3.2 
2.4 
0.74 


11.2 


0.41 
0.18 
0.77 
4 .3  
4 . 1  3.0)7. 1 


12.4 
6 .2  
1 .7)7.9 
8 .2  
1 . 4  
0.37 
3.0 
0.91 
1 .4  
0.31 
0.65 


1 . 8  
4.7 
7 . 2  
7 .2  
8 .9  
8 . 2  
6.9 
3 .8  
1 .6  
0 . 4  
N.D. 


a Weight percent of component calculated from GC of FR-Ia and FR-Ib and corrected for weight percent of each fraction in original 
mineral oil, Lot Q-9; 28.2% (FR-Ia) and 71.89, (FR-Ib). * See Table 111 for qualitative identification of urea and nonurea adductable components. 
c N.D. = peak not detected. d Conditions of analysis: column 3.7 m. X 0.5 cm. (12 ft. x 0.19 in.), 3 wt.% OV-1, temperature progression 125- 
325" (2"/min.), dual hydrogen-flame detection. 
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Figure 2-GC separation of urea adductable FR-la (bottom) and 
urea nonadductable FR-lb (top) from mineral oil Lor Q-9. 


ciency of a column is not sufficient to resolve individual components 
effectively or, conversely, when the nature of the material is so 
complex that several components overlap within a narrow time 
interval. This form of elution gives the appearance of a “smearing” 
effect which makes accurate quantitation virtually impossible. 


To circumvent this problem, the distribution of components 
within this high hydrocarbon range was classified and quantified 
according to equivalent carbon length. This approach made 
possible the estimation of these components to determine their 
relative level of contribution to  the total sample. The location 
of normal hydrocarbons eluting within this range was made by 
seeding both the original and urea fractionated samples with known 
levels of standard hydrocarbon blends. This approach not only 
made possible the assignment of specific regions in the gas chroma- 
togram but also served as a method for advancing the equivalent 
carbon values of the various unknown peaks. The distribution of 
components, as obtained on the original fluids, is presented in 
Table 11. 
In view of the complexity of the original mineral oil, GC analyses 


were repeated on the urea adductable (FR-la) and nonadductable 
(FR-lb) fractions from Lot Q-9 (Fig. 2). The distribution of compo- 
nents obtained from this fractionation procedure is also shown in 
Table II  for comparison purposes. The latter values are presented 
both with respect to the individual component distribution in each 
of the two fractions (FR-Ia and Ib) as well as their relative per- 
centage in the original fluid. No attempt was made to conduct a 
similar tabulation for Lot Q-lo, since both the GC and urea frac- 
tionation data for Lots Q-9 and Q-10 were virtually identical. 
In performing the GC-mass spectrometry studies on the original 


fluids, it became apparent that the resolution offered by the GC 
separation was not sufficient for qualitatively identifying all compo- 
nents in these fractions. The two main reasons attributing to this 
fact are: (a) the high concentration of branched and naphthenic 
material (71.8W, Q-9; 71.2%, Q-10) in these fractions, and (b) 
the excessive overlap of these components both among themselves 
and with the normal hydrocarbons. 


The advantage in conducting a preliminary urea separation 
is well demonstrated in a comparison of the results of the GC 
analyses for the original fluids (Fig. 1) and the urea adductable 
and nonadductable fractions (Fig. 2). For example, a complete 
homologous series of normal straight-chain hydrocarbons was 
evident in Fraction Ia, with hexadecane constituting the major 
component. Fraction 16 components yielded fragmentation patterns 
indicative of highly branched and multicyclic naphthenic struc- 
tures containing up to four rings within the low range. The results 
of these analyses are summarized in Table 111. The general classes 
of components observed herein were very similar to  those char- 
acterized by Fiero ( 1  3)  for white mineral oils. In his mass spectro- 
metry studies, naphthenic structures exhibiting up to six rings char- 
acterized the heavier oils (SSU-355), while the lighter (SSU-75) 
naphthenic oils contained up to  five rings. 


The UV screening of Fractions IIa and IIb from Lot Q-9 ex- 
hibited a sharp doublet at 272 and 280 nm. Subsequent GC-mass 


Table III-GC-Mass Spectrometry Analysis of Urea Adductable 
(FR-Ia) and Urea Nonadductable (FR-Ib) Fractions 
from Mineral Oil (Lot Q-9) 


~ ~~~ 


Components in 
-Fraction.-- 


Equivalent 


Ia Ib Length on Mass Spectral Data 
Carbon Structural Assignments Based 


1 


4 


5 


6 


7 
8 


9 
10 


11 
12 
13 


2 


3 


5 


8 


10 


14.40 
14.41 


14.66 


15.00 


15.47 


15.47 


15.64 


16.00 
16.46 


16.46 


16.64 
17.00 
17.00 


17.48 
17.64 
18.00 


n-Tetradecane 
Mixture of methyl-branched saturated 


hydrocarbons plus monocyclo and di- 
cyclo structures 


Complex mixture of cyclic hydrocarbons 
with up to four condensed rings in CIS- 
CM range with some methyl branching; 
at least four components comprising 
peak 


Predominantly n-pentadecane; appears to 
be trace levels of branched Cl6 and cyclic 
CIA components 


Consists primarily of a cyclohexylnonane 
(G); position of ring uncertain; lesser 
quantities of dicyclo structure and di- 
methyl-substituted branched chain hy- 
drocarbon (C,-substituted) 


Mixture of cycloalkanes with up to four 
rings in C,,-C,, range; some methyl 
branching; at least four components 
comprising peak 


4-Methylpentadecane; trace of mono- and 
dicyclohexyl structure 


n-Hexadecane 
Predominantly 5-cyclohexyldecane; small 


level of dimethyl-substituted C17 
Major component a multi (four or greater) 


methyl-branched CI* hydrocarbon ; low 
levels of cycloalkanes with 1-, 2-, and 3- 
ring systems; condensed rings in C18 
range 


4-Methylhexadecane 
n-Heptadecane 
Multibranched (probably 3) methyl C,S; 


low levels of cycloalkanes of 1- and 2- 
ring systems with additional branching 
in C17 range 


n-Octadecane 


-b 
-b 


~~~ 


a Peak numbers consistent with Table 11. * Concentration too low to 
yield distinctive mass spectral patterns. 


spectrometry analyses conducted on these same two fractions 
revealed the presence of three major components along with lower 
levels of other components. The first two major components in the 
elution sequence were identified by mass spectrometry as monobutyl 
phthalate and dibutyl phthalate. The ratio of monobutyl phthalate 
to  dibutyl phthalate was calculated from area measurements to be 
9: l .  The third component was too low in concentration to yield 
a definitive mass spectrum. 


The succeeding fractions from the alumina chromatography 
(IIc, Ild, and I k )  revealed a complex distribution of components 
as FR-IIb but very little UV absorption. Based on an average 
specific extinction coefficient for the two phthalate ester compo- 
nents ( K  = 4.26), Fractions IIa and Ilb contained a total phthalate 
ester content of 9.4 and 3.8 p.p.m., respectively. Based on the 
measured ratio of 9 to 1 for monobutyl phthalate to dibutyl phthal- 
ate, the total level of 13.2 p.p.m. would be distributed as 11.9 p p m .  
monobutyl phthalate and 1.3 p.p.m. dibutyl phthalate. Since the 
UV absorption value at 272 nm. for Lot Q-10 was approximately 
one-half that of Lot Q-9, the relative level of the above two compo- 
nents in Lot Q-10 would be approximately 7.0 p.p.m. A similar 
screening of component 1, representing 6 l z  of the formulation 
of Lot Q-9, yielded a total phthalate ester content of 29.0 p.p.m. 
This value would thus amount to 17.7 p.p.m., based on the weight 
percentage that this component represents in the original oil. 
It would, therefore, appear evident that component 1 represents 
the source of these two phthalate derivatives in the original fluid. 
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Samples representing components 2 and 3 in the original Lot Q-9 
were not available for analysis. 


Fraction IIb, in addition to exhibiting the 272- and 286nm. 
bands, also revealed distinct shoulders at 263 and 293 nm. On this 
basis, it seems most probable that other aromatic species might be 
contributing to the total absorption in this region, although no 
other components could be unequivocally identified by mass spec- 
trometry. In this respect, no direct evidence was found to  suggest 
the presence of any polynuclear aromatic hydrocarbon components 
in any of the fractions analyzed. 


The relative weight percentages advanced for the urea adductable 
(28.2 wt.%) and nonadductable (71.8 wt.%) fractions of themineral 
oil characterize quite well the general composition of this fluid. 
Thus, the entire urea adductable hydrocarbon content within the 
low hydrocarbon range of C11-C20 of FR-Ia is representative of only 
13.6 wt.% of the total oil. Of this amount, n-hexadecane represents 
almost half or 5.53 wt.%. The remaining light end portion of this 
fraction consists primarily of straight-chain hydrocarbons, with 
methyl branching or cyclohexyl ring structures positioned near the 
terminal end of the chains. This type of structure would be expected, 
based on the configurational requirements for clathrate trapping 
with urea, and is exemplified by the identification of 4-methyl- 
pentadecane (equivalent carbon length, 15.64) and 4-methyl- 
hexadecane (equivalent carbon length, 16.64) in this fraction. 
The fractional equivalent chain length of 0.65 rt 0.02 reflects 
predominantly simple methyl branched structures, while values of 
0.47 f 0.02 represent primarily multibranched and condensed ring 
structures. 


The composition of the urea nonadductable fraction (FR-Ib) 
is characterized almost exclusively by multibranched and multiring 
naphthenic structures. The lower carbon range (Cl1-G0) compo- 
nents of this fraction represent 27.27 wt.% of the total sample; 
in the higher carbon range (C21-C31), these structures amount to 
44.53 wt.% of the total mineral oil. This latter value may be related 
to the in oivo persistence of these oils (4) since highly condensed 
naphthenic structures would be virtually inert with respect to 
metabolic processes necessary for their absorption, metabolism, 
and elimination. This is not true for straight-chain hydrocarbons 
because such structures have been identified in mammalian lipids 
(14) and in sebaceous secretions arising from hydrocarbons of 
dietary origin (1 5). 


Many of the general structures identified in this study are similar 
to  those hydrocarbons that were reported by Horton et at. (10) to 
accelerate the formation of skin tumors in C3H mice. Such hydro- 
carbons in their study were employed as solvents for benzo[a]- 
pyrene, which was introduced at concentration levels of 0.2 wt. %. 
However, accelerating activity was still found when the concentra- 
tion of the carcinogen was reduced to 0.04 wt .z .  Carcinogen 
concentration was found to be of lesser importance to tumor- 
accelerating activity than the nature of the hydrocarbon itself. 
The minimum normal hydrocarbon chain length for exhibiting 
accelerating activity appeared to  be about n-decane (Clo). 


Although the accelerating activity data reported above are of 
direct significance with respect to the hydrocarbon content of 
mineral oil, the presence of four-ring polynuclear aromatic hydro- 
carbons employed as carcinogens could not be demonstrated in 
either of the mineral oil samples. Even if such structures were 
present in the alumina fractions, they would have had to be well 
below 0.006 wt. %. Since the molar absorptivities of such condensed 
aromatic structures are greater than 104, they would have had to be 
present at levels less than 60 p.p.b. in order for them to go unde- 
tected in the UV scanning of the alumina fractions. The apparent 
absence of polynuclear aromatic hydrocarbons in this mineral oil 


is in agreement.with data reported by Lijinsky et al. (16). In their 
screening of five mineral oils (USP grade), no polynuclear aromatic 
hydrocarbons could be detected down to a concentration of 1 p.p.b. 


The identification of monobutyl phthalate and dibutyl phthalate 
in this mineral oil was somewhat unexpected and is of concern in 
view of the subtle toxicity studies carried out by Guess et a/. (17). 
They evaluated butyl octyl phthalate and butyl decyl phthalate at 
5 wt.% levels in tissue cultures and chick embryos. The butyl octyl 
phthalate stimulated growth in both human amnion cells and 
KB (Eagle-human cancer line) tissue cultures. However, when 
injected into the allantoic cavities of 9-day-old chick embryos, both 
toxicity and deformity effects were observed. 


More recently, Singh er al. (18) reported on the teratogenicity 
of eight different phthalate esters in the rat by intraperitoneal 
injection at three concentration levels. Although fertility was not 
affected. such effects as resorptions, gross abnormalities, skeletal 
malformations, fetal death, or decreased fetal size were observed 
at one or more of the concentrations employed. At present, the 
effects of these compounds in humans are unknown. 
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Biosynthesis of Tropic Acid in 
Datura innoxia Root Tissue 


N. W. HAMON’ and J. L. EYOLFSON 


Abstract 0 ~r-Phenylalanine-l-l’C, phenylacetic acid-l-I4C, DL- 
trypt0phan-(2-indolyl)-~‘C, Dr-tryptophan-(benzene ring)-UJ4C, 
r-serine-3J4C, and formic acid-l4C were all utilized by Datura 
innoxia root tissue as precursors of tropic acid. All of these com- 
pounds were incorporated in a specific manner. 


Keyphrases 0 Datura innoxia--biosynthesis of tropic acid, studied 
using various radiolabeled precursors 0 Tropic acid--biosyn- 
thesis in Datura innoxia root tissue, studied using various radio- 
labeled precursors IJ Alkaloid biosynthesis-Datum innoxia root 
tissue, tropic acid pathways studied 


Tropic acid (I)  is a constituent of the alkaloids scopola- 
mine (hyoscine) and hyoscyamine. Phenylalanine, phen- 
ylacetic acid, and tryptophan have been demonstrated to 
be the mostefficient precursors for this acid. In contrast to 
phenylalanine (I-7), phenylacetic acid (1) and tryp- 
tophan (8) have received relatively little attention by 
subsequent investigators. 


It is obvious that phenylacetic acid requires the addi- 
tion of one carbon atom (Scheme I) for incorporation 
into tropic acid. Previous attempts ( I )  to clarify the 
origin of the one-carbon fragment using sodium bi- 
carbonate-lT or sodium formate-l‘c resulted in ran- 
dom labeling of tropic acid. These experiments were, 
however, conducted on whole plants. The results prob- 
ably were due to photosynthetic fixation of these com- 
pounds into precursors of the aromatic amino acids, 
resulting in randomization of the label. It is known that 
sodium formate rapidly degrades to carbon dioxide 
and water in oiuo. 


In the present investigation, sources of “active for- 
mate” were generated within the plant. These sources 
were serine-3- 14C and tryptophan-(2-indolyI)- 14C, which 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 21, 1972, from the Rionucleonics Department, 
School of Pharmacy and Pharmacal Sciences, Purdue Unioersity, 
Lafayerte, IN 47907 


Accepted for publication August 1, 1972. 
Supported in part by Public Health Service Training Grant 5- 


T01-Es00071 from the National Institute of Environmental 
Sciences. 


A To whom inquiries should be directed. 


produce formate during their normal metabolic deg- 
radation (Scheme 11). Since tryptophan could also be 
incorporated into tropic acid via another route (8) 
(Scheme HI), it was expected to yield tropic acid labeled 
in positions C1 and C3. Formic acid-I4C was also in- 
vestigated as a source of the C1 of tropic acid. Vacuum 
infiltration of root tissue of Datum innoxia was used to 
eliminate the problem of photosynthesis and to les- 
sen the required metabolism time. The biogenesis of 
the alkaloids occurs primarily in root tissue. Degrada- 
tion to determine the position of the label was done by 
known methods, and liquid scintillation counting was 
employed to determine the activity of the degradation 
products. 


EXPERIMENTAL 


Growth Conditions-D. innoxia plants were germinated and 
grown in a controlledenvironment room which maintained them 
at  29.4” (85” F.) for 16 hr. under 1200 ftc. oflight followed by 18.3” 
(65” F.) for 8 hr. in darkness. Relative humidity was 60 and 75%, 
respectively. 


Isotope Administration--Plants (90 days old) were removed from 
their pots. The root tissue was removed and washed carefully with 
tap water followed by sterile distilled water, and the secondary 
roots were weighed into 293. samples. Two separate 2-g. samples 


phenylacetic acid-1 -14C 0 


I 
one-carbon 
fragment  (COP)  


COOH COOH 


I 
@H *-- mci 


*CH~OH 


I Scheme I-Incorporation of plrerrylacetic acid into tropic acid 
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HO-* C H 2-CH-COOH * t ryp tophan  - ( Z  -indolyl)-%2 I 
m2 


serine -3 -W 


0 


H IN-C H 2 -  COOH 


0 NH, 


C-CH,-CH--COOH 
I -  


f ~ r r n a t e - ' ~ ~  
Scheme II- Lobeled formate production from tryptophan-(2-itrdolyf)-l4C and serine-3- 14C 


were used for each radioactive compound administered. Each root 
sample was placed in a small beaker and weighted down by glass 
rods. The radioactive compounds were added with a known amount 
of sterile distilled water. The samples were placed in a vacuum 
desiccator. and the pressure inside was reduced using a vacuum 
pump. When sufficient air was removed from the tissue, the vacuum 
was released. Metabolism was then allowed to continue for 4 hr. 
The choice of a 4-hr. metabolism period was based on preliminary 
work in which the incorporation of phenylalanine-l-14C into tropic 
acid was studied as a function of time. Each root sample was then 
removed, washed with sterile distilled water, and frozen with liquid 
nitrogen. The amount of uptake of the radioisotope was determined 


NH, 
I 


0 
II 0 , *CH,~H-COOH+ Q-CH,-C-COOH II 


07 
/ t ryptophan-3 -14C 


mrCH2-cmH 
* p O H  1 


by the difference in activity between the original and the remaining 
solutions of radioactive compounds. 


Alkaloid Isolation-Each root sample was ground in a glass 
mortar with sand, using a mixture of 10% ammonium hydroxide- 
ethanol- ethyl ether ( I  : I :2) as a moistening agent. The resulting 
pulp was placed in a soxhlet apparatus and macerated for 18 hr. 
with more of this mixture. Ethyl ether was then added andextraction 
was carried out for 24 hr. 


The ether extracts were transferred to a separator and shaken with 
successive 20-, 10-, and 10-ml. portions of 0.5 N HzSOI. These acid 
portions were combined, made distinctly alkaline with dilute am- 
monium hydroxide, and extracted with successive 20-, I @ ,  and 
10-ml. portions of chloroform. These chloroform extracts were 
combined, evaporated to  dryness, and redissolved in ethanol. 


Chromatography-Scopolamine and hyoscyamine were purified by 
separation of the crude alkaloid extract on silica gel G layers, using 
dimethylformamide-diethylamine e thanok thy l  acetate ( I  : 1 :6:  12) 
as the solvent. The positions of radioactive spots were determined 
using a radiochromatogram scanner. 


Table I- -Incorporation of Precursors into the Combined Alkaloid 
Fraction and Tropic Acid 


Activity of 
Amount Combined Activity 
of Scopolamine of 


Admin- and Tropic 
istered, Hyoscyamine, Acid, 


Precursor d.p.m. d.p.m. d.p.m. 


Scheme III-It,corporution of 1ryptopIrun-3-~'C itrto tropic ucid (8) 


~ - S e r i n e - 3 - ~ C  (25.0 mc./ 2,053,200 53,875 43,180 
mmole) 


I4C (29.1 mc./mmole) 


mmole) 


r i ~ ~ g ) - u - ~ ~ C  (100 mc./ 
mmole) 


(52 mc./mmole) 


(10.4 mc./mmole) 


~~-Tryptophan-(2-indolyl)- 2,209 442 59,572 44,573 


Formic acid-l'C (7.6 mc./ 4,179,937 69,422 28,875 


DL-Tryptophan(benzene 5,246,000 37,264 30,938 


Phenylacetic acid-l-I4C 1,619,555 40,087 37, I04 


DL-phenylalanine-l-"C 2.789.267 58,721 48,935 
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Table n-Position of Labeling in Tropic Acid 


Percent of Total Activity 
-of Tropic Acid- 7 


Phenyl 
Precursor C, C2 C3 Ring 


~-Serine-3- I4C 58 3 29 10 
~~-Tryptophan-(2-indolyl> 14C 20 4 61 15 
Formic acid-IC 41 8 21 30 
DL-Tryptophan-(benzene ring)-U-"C 2 1 3 94 
Phenylacetic acid- 1 - 12 6 64 18 
DL-Phenylalanine-1- 14C 72 6 12 10 


Degradation-The alkaloids were removed from the silica gel by 
soxhlet extraction, using ethanol as the solvent. They were identified 
by their R, values and by preparation of their picrates. Hydrolysis 
of the combined scopolamine and hyoscyamine. as well as degrada- 
tion of the resultant tropic acid to styrene or benzoicacid, was accom- 
plished by known methods ( I ) .  Degradation of the benzoic acid to 
benzene and carbon dioxide was done by established methodology 
using quinoline and copper dust. Duplicate, individual degradations 
were carried out for each of the two plant samples/radioactive 
compound initially used. 


Scintillation Counting-Samples were counted using 1 ml. of 
solubilizer' and 14 ml. of 0.4% 2,5-diphenyloxazole/0.005 1.4- 
bis-2-(4-methyl-5-phenyloxazolyl)-benzcne in toluene. Individual 
samples were counted to a maximum of 100,000 counts or 300 min. 
Absolute count rates were determined using the method of channels 
ratio. 


RESULTS AND DISCUSSION 


All precursors were significantly incorporated into tropic acid 
(Table I).  Serine and formic acid both showed high, specific in- 
corporation into C I  of tropic acid as anticipated (Table 11). 
Tryptopha11-(2-indoIyl)-~~C also had good incorporation into the C I  
of tropic acid, but the bulk of labeling occurred at  C., in agreement 
with the pathway outlined by Goodeve and Ramstad (8) (Table 11). 


Goodeve and Ramstad used tryptophan-3-14C as a precursor for 
tropic acid. Labeling was determined to be in the CI-position of the 
acid (Scheme 111). A unique pathway for the biogenesis of tropic 
acid was based on this result. Criticism of this pathway arose from 
the fact that tryptophan-3-14C could not show that tryptopan is ca- 
pable of acting as a precursor for the entire carbon skeleton of tropic 


Soluene-100. Packard Instrument Co., Downers Grove, Ill. 


acid. To clarify this matter. tryptophan-(benzene ring)-U-"C 
(U = uniformly labeled) was administered to the roots of the plant. 
The results indicated that this precursor was specifically incor- 
porated into tropic acid to  a significant extent, with the bulk of the 
label (94%) appearing in the phenyl ring of tropic acid (Tables I 
and 11). This means that the phenyl ring from tryptophan probably 
is incorporated intact into tropic acid, illustrating the ability of 
tryptophan to act as a direct and specific precursor of tropic acid 
in D. itinoxia. 


Phenylalanine-l-14C and phenylacetic acid-l-"C were previously 
investigated as precursors for tropic acid. These two compounds 
were again used in this study for comparison with the other com- 
pounds. Both compounds were incorporated specifically into tropic 
acid in complete agreement with the literature (1, 4). The degree of 
incorporation as well as the specificity of incorporation was found 
to be comparable to the other compounds used in this investigation 
(Tables I and 11). 


Compounds capable of producing formate groups iir cico have 
been shown to be specifically incorporated into the C I  of tropic acid. 
This result is likely accomplished by the reaction of these one-carbon 
fragments with a compound of the phenylacetate-type structure. 
Since the position of the label is predominately in the CI of tropic 
acid, rather than being equally divided between the CI and Ca posi- 
tions, no symmetrical intermediate in the pathway is likely. T r y p  
tophan was capable of being incorporated in this manner, but the 
evidence also supports its direct role in tropic acid biosynthesis. 
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Mechanisms of Homogeneous Catalysis from Protons to Proteins. By 
MYRON L. BENDER. Wiley-Interscience, 605 Third Ave., New 
York, NI‘ 10016, 1971. x + 686pp. 15.5 X 23cm. Price$24.95. 
It is probably best to point out at  once that this reviewer worked 


in Prof. Bender’s laboratory during the period 1959-1961. Such an 
association inevitably affects an evaluation of the present kind, pro- 
viding the advantage of insight into the abthor’s manner of attack- 
ing problems, and the disadvantage of unanalyzable subjectivity. 
The net effect is probably to make the reviewer’s task more difficult. 


This book discusses catalysis in solution at  an advanced level. The 
title, though otherwise ill-chosen, is accurate. The treatment pro- 
vides little introduction, and the reader should already possess a 
considerable background in organic reaction mechanisms and ex- 
perimental solution kinetics. With this stipulation, the book is a 
valuable contribution to the study of catalytic mechanisms by one of 
the important workers in the field. 


Following an introductoiy chapter of little distinction, the book 
consists of 18 chapters divided among four main parts: Acid-Base 
Catalysis; Organic and Inorganic Catalysis; Bridging Nonenzymic 
and Enzymic Catalysis; and Enzymic Catalysis. The author’s pri- 
mary message is that enzymic catalysis requires no magical or vitalis- 
tic explanations, though it is obviously very complicated, and that 
the essential features of enzymic catalysis can be found in simpler 
systems. There is a continuum of catalytic complexity, with the 
proton at one end and enzymes at  the other. The author is very suc- 
cessful in making the connections between model systems and the 
enzymes. Such analogy-drawing is responsible for considerable 
repetition of material throughout the book. 


One of the book’s good features is its inclusion of catalytic mech- 
anisms lying well outside the author’s own field of carboxylic acid 
derivative chemistry. Superacids, organometallic catalysts, and 
aromatic hydroxylations are among these. Also useful is the authori- 
tative discussion of enzyme determination by stoichiometric titra- 
tion. The writing is uneven, being rather choppy in places. On 
balance, the book’s role seems to be not as a text, but as a source- 
book for researchers in bioorganic mechanisms. For such readers it 
will be a superior reference work and stimulus. 


Reviewed by Kenneth A. Connors 
School of Pliarmacy 
University of Wisconsin 
Madison, WI 53706 rn 


Cellular Pharmacology-The Effects of Drugs on Living Vertebrate 
Cells in uitro. By MARY DAWSON. Charles C Thomas, Spring- 
field, IL 62703, 1972. xvi + 317 pp. 16 X 24 cm. Price $18.00. 
This is one of a series of American Lectures in Living Chemistry 


intended to advance chemistry in the cause of clinical practice. 
The book consists of seven chapters. The first two deal with the 
role of tissue culture in pharmacology and the second enumerates 
the available methods in assessing the effects of drugs. The re- 
maining chapters are devoted to anticancer and antimicrobial 
substances, steroids, and anti-inflammatory drugs; substances used 
in drug formulations and miscellaneous drugs. The appendix deals 
with commonly used cells in culture studies. An author index for 
all the references is provided. 


This book would not be highly useful for the average pharma- 
cologist. Although a case is made for the adjunctive use of tissue 
culture in evaluating the value and hazard of clinically useful drugs 
and agents, t o  this reviewer, at  this point in time, no significant re- 
duction of in oioo evaluation would be obtained by such procedures. 
The book is useful, however, in pointing out the array of literature 
available in the various drug categories where tissue culture has 


been employed. The “state of the art” may be significantly ad- 
vanced by this compilation since it will bring to  investigators recent 
articles in the field. As the author states in the first chapter, in- 
vestigators must be fully aware of the limitations of the cell culture 
method. This is not to say that important information cannot be 
garnered by such studies. 


I would recommend this book for the pharmacy library, pri- 
marily for advanced students. It would have little utility at the under- 
graduate level. 


Reviewed by Tom S. Miya 
School of Pharmacy 
Purdue University 
Lafayette, IN 47907 
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xi + 416pp. 15 X 23.2 cm. Price $5. 
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Electron Impact Fragmentation Studies of P-Blocking Drugs and 
Their Metabolites by GC-Mass Spectroscopy 


DANIEL A. GARTEIZ‘ and THOMAS WALLE 


Abstract This work describes the mass fragmentation patterns of 
trifluoroacetylated derivatives of five aryloxy p-blocking drugs as 
well as five metabolites of this chemical and therapeutic class. This 
chemical class is characterized by intense ions at m/e 308, 266, and 
43 and by a strong metastable ion at  m/e 229.2. The mechanism of 
fragmentation was confirmed with the hexadeuterated (ds) analogs 
of these compounds. In addition, mass spectral features are de- 
scribed for three arylulkyl p-blocking drugs. These mass spectral 
data should facilitate the rapid and accurate determination of the 
metabolic fate of these and other p-blocking drugs of this chemical 
class. 


Keyphrases 0 p-Adrenergic blocking agents and metabolites- 
mass fragmentation patterns of trifluoroacetyl derivatives 0 Me- 
tabolites of 8-adrenergic blocking agents-mass fragmentation 
patterns of trifluoroacetyl derivatives Electron impact fragmenta- 
tion patterns-padrenergic blocking agents and metabolites, GC- 
mass spectroscopy 0 GC-mass spectroscopy-electron impact 
fragmentation patterns, a-adrenergic blocking agents and me- 
ta bolites 


Rigorous qualitative or quantitative studies in drug 
metabolism ultimately require proof of the molecular 
structures under investigation. These structure deter- 
minations must frequently be carried out on submicro- 
gram quantities of drugs and drug metabolites in com- 
plex chemical mixtures of biological origin and can 
become difficult, time consuming, and expensive. 


The combined gas chromatograph-mass spectrom- 
eter has provided a powerful tool to  facilitate structure 
elucidation of compounds eluting from a GC column. 
Proof of structure by this technique still requires a com- 
parison of recorded mass spectra to  those of pure refer- 
ence compounds, or a thorough knowledge of rigor- 
ously established fragmentation mechanisms of the 
chemical class under investigation may suffice. 


This report describes electron impact fragmentation 
patterns and associated mechanisms for trifluoroacety- 
lated derivatives of a pharmacologically complex and 
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increasingly prescribed therapeutic and chemical class 
of drugs, the P-adrenergic receptor blocking agents. 


EXPERIMENTAL 


Materials and Methods-Currently available compounds can be 
subdivided into the aryloxy P-blockers, which contain a @-hydroxy- 
N-isopropylaminopropylene side chain connected to a ring system 
through an ether linkage, and arylalkyl @-blockers, which contain a 
@-hydroxy-N-isopropylaminoethylene side chain directly attached 
to the ring system. 


The chemical structures of the drugs and metabolites studied are 
given in the text andTable I. Alprenolol (I), oxprenclol (IL), sotalol, 


parent compounds metabolites 
$H2CH=CHI 


I N-desisopropyl-I1 
OCH,CH= CHI OH 
I I 


I1 o-desallyl-I1 
OCH,CHCH,NHCH(CH,), OCHICH = CH, 
I I  I Q 6H 


HNCOCH, OH 
111 hy d r oxy - I1 


OCH,CHCHINHCH(CH J, 
OCHICHCHINHCH(CH )? 


OH 


Iv 
OH 
4 -hydroxy -V 


OCH,CHCH,NHCH(CH,i, OCHICHCH2NH, 
I I  


V desisopropyl-V 


Structural formulus for aryloxy @-blocking drugs and their desalkyl 
and hydroxy metubolites 


and the N-desisopropyl metabolite of oxprenolol (N-desisopropyl- 
[I) were used'. The dichloro derivative of isoproterenol (VI), practo- 
lo1 (HI), l-isopropylamino-3-(m-tolyloxy)-2-propanol~ (IV), pro- 
nethalol, propranolol (V), and the 4-hydroxy metabolite of pro- 
pranolol (4-hydroxy-V) were obtained from a commercial source3. 
The N-desisopropyl metabolite of propranolol (N-desisopropyl-V) 
was synthesized as described earlier (1). 


The hexadeuterated (d6) materials, l-(d~-isopropylamino)-3-(1- 
naphthyloxy)-2-propanol (propranolol-ds) and 1-[o-(a1lyloxy)phen- 
oxy]-3-(d~-isopropylamino)-2-propanol (oxprenolol-d6), were pre- 
pared from I-amino-3-( I-naphthyloxy)-2-propanol (N-desisopro- 
pyl-V) and l-[o-(allyloxy)phenoxy]-3-amino-2-propanol (N-desiso- 
propyl-II), respectively, through Schiff-base formation with acetone- 
d6 and subsequent reduction with sodium borohydride (2). 


' Obtained from William S. Merrell Co. 


a Imperial Chemical Industries. 
ICI-45763. 


Table I-Mass Spectral Data of Di(trifluoroacety1) Arylalkyl 
P-Blocking Drugs 


--Rela.tive Intensity, %- 
Pron- Sotalol VI 


ethalol Ar = p-  Ar = 3,4- 
Ar = 6- CHaSOzNH- Dichloro- 


mle Naphthyl phenyl phenyl 


126 
168 
43 


100 100 100 
60 100 70 
51 71 90 


M - 155 69 18 7 
23 
10 


- _  
2 


12 
5 
2 


M 10 0.1 0.1 


0 3 6 
MINUTES 


Figure 1-Total ion current recording of di(triJuoroacety1) aryloxy 
P-blocking drugs. Key: I ,  I-isopropylamino-3-(m-tolyloxy)-2-pro- 
panol; 2, alprenolol; 3 ,  oxprenolol; and 4 ,  propranolol. 


The o-desallyl metabolite of oxprenolol (0-desallyl-II), the ring- 
hydroxy metabolite of oxprenolol (hydroxy-11), and their &-labeled 
analogs were isolated and structurally characterized by GC-mass 
spectroscopy from rat urine extracts. Rats were given a 10-mg./kg. 
dose of oxprenolol or d6-labeled oxprenolol intraperitoneally and 
their urine was collected for 24 hr. 


Isolation and Derivatization Procedures--Reference compounds 
were derivatized in benzene with trifluoroacetic anhydride in the 
presence of a small amount of trimethylamine. The reaction mix- 
tures were heated at 50" for 5 min. and shaken with distilled water 
prior to injection into the gas chromatograph-mass spectrometer. 


Isolation procedures from biological material of parent drug and 
metabolites were described previously for oxprenolol (3) and pro- 
pranolol(1). 


GC-Mass Spectroscopy-The combination instrument' was used 
at an accelerating voltage of 3.5 kv. and an ionization voltage of 20 
ev., unless otherwise stated, and a trap current of 65 pamp. A 90- 
cm. x 2-mm. Pyrex glass column was used containing 1 OV-17 
on Chromosorb W, 80-100, AW-DMCS, HIn6. Injector temperature 
was 250°, column temperature was 1 50-200°, and separator tem- 
perature was 280". The carrier gas flow rate was 10 ml./min. 


In all mass spectra shown, fragment ions with intensities less than 
5 of the base peaks as well as all isotope peaks have been excluded 
for simplicity. 


RESULTS AND DISCUSSION 


Aryloxy g-Blocking Drugs-The volatility of the trifluoroacety- 
lated aryloxy @-blockers is strongly enhanced compared to the 
underivatized compounds, as is the peak symmetry (Fig. 1). The 
mass spectra of trifluoroacetylated aryloxy 0 -blockers are shown in 
Fig. 2. 


4 LKB 9000. 
6 Varian. 
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Figure 2-Mass spectra of di(trif7uoroacetyl) aryloxy P-blocking 
drugs (70 ev.). 


The molecular ions for each compound are consistent with for- 
mation of a di(trifluoroacety1) derivative. The striking similarity 
among the mass spectra results from abundant (m/e 308, 266, and 
43) fragment ions and an intense metastable ion (m* 229.2). Other 
common fragment ions are found at  m/e 194,168,152, and 126. 


The proposed mechanism giving rise to the observed fragmenta- 
tion pattern of these trifluoroacetylated derivatives is shown in 
Scheme I. The molecular ions undergo primary fragmentation 
through cleavage on the alkyl side to the ether linkage, giving rise to  
m/e 308, the intact side chain as the base peak at  20 ev. This ion 
(m/e 308) undergoes further fragmentation with loss of C3H6 to 
yield another abundant ion (m/e 266). The transition 308 -, 266 
involves a "McLafferty-type" rearrangement of a hydrogen of one 
of the methyls ofthe isopropyl group to  the nitrogen atom. This was 


CH, - CH 


H;CJ N- CH 


\ "O\ R 0 


CH. - CHOCOCF, 
+. II - 


+. I -HOCOCF, H C,N-CH 
I 
COCF, 


I 
COCF, 


( M + M ~ M + '  (M-114)dsM -114 


I-RO. 1-R.. 


H,C -CH CHL 
I1 


H C-CHOCOCF 


If I1 - N +  
___f 


HOCOCF, H . C , N ~ H -  CzHz I+ I 
H-C N-CH 


I H,Cf 'COCF, 
COCF , I 


COCF, 


(308)d8314 (194)db200 (168)d6174 


H C - CHOCOCF, HLC - CH CH. 
I1 -* I+ II - 


-HOCOCF, HN-CH -C,Hz N f  I+ I 
I 


HN - CH, 
I H' 'COW, 
COCFj 


(266)d267 (152)d153 (12 6)d 127 


COCF 


Scheme I-Mechanistic pathways for ihe observed fragmentation 
patterns of trifluoroacetylated derivatives of aryloxy P-blocking drugs. 
Fragment ions ure shown for  the unlabeled and deuterium (d)-labeled 


compounds. 
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Figure &Mass spectra of di(trif7uoroacetyl) hexadeuterated aryloxy 
P-blocking drugs. 


confirmed with the ddabeled compounds. An intense metastable 
ion (m* 229.2) is observed for this transition and appears as a broad 
diffuse peak in all the mass spectra. The two most intense fragment 
ions (m/e 308 and 266), as well as the molecular ions, undergo loss of 
trifluoroacetic acid, giving rise to m/e 194 and 152 and M - 114, 
respectively. Both m/e 194 and 152 undergo loss of GHz, yielding 
m/e 168 and 126, respectively. The fragment ions (m/e  152 and 126) 
may also arise from m/e 194 and 168 through loss of C3H6, as occurs 
with the base peak. However, metastable peaks for these transitions 
were not observed. 


The fragmentation mechanism shown in Scheme I was confirmed 
by the mass spectra of propranolol-d6 and oxprenolol-da and oxpre- 
nolol-& metabolites (Fig. 3). The molecular ions of all the hexadeu- 
terated molecules were found 6 atomic mass units(a.m.u.) higher than 
for the respective undeuterated compounds. Furthermore, the frag- 
ment ions (m/e  308, 194, and 168) of the unlabeled molecules pro- 
posed to contain the isopropyl group also appeared 6 a.m.u. higher 
(m/e 314, 200, and 174) for the &-labeled molecules (Scheme I and 
Fig. 3). In addition, m/e 266 of the unlabeled molecules was found 
1 a.m.u. higher for the &-labeled compounds. This confirms that 
the transition 308 -, 266 involves a McLafferty-type rearrangement 
of a hydrogen of one of the methyls of the isopropyl group to  the 
nitrogen atom. Furthermore, the metastable peak for this transition 
was found to shift t o  227.0, which corresponds to the predicted ratio 
(267)2/314. The fragment ions m/e 152 and 126 of the unlabeled 
molecules, as expected, were found 1 a.m.u. higher in the mass 
spectra of the d6-labeled compound. 


Mass spectra recorded a t  70 ev. showed only minor intensity 
changes when compared to  those recorded at 20 ev. For the aryloxy 
&blockers, a reversal in the intensities of masses 308 and 266 was 
observed, ni/e 308 being the base peak a t  20 ev. and mle 266 the 
base peak at 70 ev. For all compounds, more intense molecular ions 
were observed at  the lower voltage. 


N-Desalkyl Metabolites of Aryloxy @-Blocking Drugs-The 
fragmentation pattern of the trifluoroacetylated desisopropyl me- 
tabolites of oxprenolol and propranolol is similar to that of the 
parent drugs(Fig. 4). Fragment ions m/e 266,152, and 126 and M - 
114 are all present in the mass spectra. Fragment ions m/e 308, 194, 
168, and m* 229.2 are not present since these molecules do  not 
contain the isopropyl group. 


The base peak for trifluoroacetylated desisopropyl-V is m/e 144, 
and the base peak for trifluoroacetylated desisopropyl-I1 is m/e 150. 
These fragment ions presumably arise through abstraction of a side- 
chain hydrogen by the oxygen during cleavage of the ether linkage, 
as shown in Scheme TI. Nonspecific hydrogen rearrangements of this 
type were described previously for phenyl alkyl ethers (4). Fragment 
ions arising through abstraction of side-chain hydrogens are also 
present in the mass spectra of all the parent aryloxy 6-blocking 
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Figure &Mass spectra of the di(trij7uoroacetyl) N-desisopropyl 
metabolites of oxprenolol (top) andpropranolol (bottom). 


+. 


OCOCF, 


-C,H,F,NO, I 
+. 


Ar-OH 


Scheme I1 


drugs (m/e 150, 134, 151, 144, 108) but are of low abundance (Fig. 
2). 


Arylalkyl @-Blocking Drugs-Mass spectra of the trifluoroacety- 
lated derivatives of pronethalol, sotalol, and VI were also recorded. 
The major mass spectral features characterizing these compounds 
(Table I) arise from the double a- and C-N cleavage, with hydrogen 
rearrangement typical of secondary and tertiary amides (5 ) .  In 


addition, the molecular ions undergo loss of trifluoroacetic acid as 
was observed for the aryloxy @-blockers. Similar fragmentation 
patterns have been observed for fluoroacylated catecholamine 
metabolites (6). 


CONCLUSION 


This work has described the mass fragmentation patterns of tti- 
fluoroacetylated derivatives of aryloxy and arylalkyl @-blocking 
drugs. For the aryloxy compounds, the fragmentation patterns were 
confirmed with hexadeuterated molecules. In addition, the mass 
spectral characteristics of five metabolites of this chemical and 
therapeutic class have been described. 


These mass spectral data will permit rapid structure elucidation 
of other @-blocking drugs and their metabolites. Furthermore, the 
excellent GC properties of the trifluoroacetylated derivatives, to- 
gether with the very intense ions produced upon electron impact, 
will permit measurements of picogram amounts of these compounds 
by mass fragmentography (7). 
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Structure-Toxici ty Relationships of Substituted Phenothiazines 


CHARLES H. NIGHTINGALE., MELISSA TSE, and ELLIOT I. STUPAK 


Abstract 0 The goldfish test system is capable of discerning struc- 
ture-toxicity relationships of substituted phenothiazine derivatives. 
A rank order correlation between dodecane partition coefficients, 
surface activity, and toxicity in goldfish was observed for various 
2-substituted chlorpromazine derivatives (triflupromazine > chlor- 
promazine > promazine > chlorpromazine sulfoxide). Dodecane 
partition coefficients were also found to correlate with the death of 
goldfish induced by the 1-chloro, 2-chloro, and 3-chloro analogs of 
chlorpromazine. The data imply that differences in the absorption of 
the phenothiazines could account, in part, for the observed dif- 
ferences in toxicity. 


Keyphrases 0 Phenothiazine derivatives, substituted-structure- 
toxicity relationships, goldfish test system data correlated with 
dodecane partition coefficients 0 Structure-toxicity relation- 
ships-substituted phenothiazine derivatives, goldfish test system 
data correlated with dodecane partition coefficients 0 Partition 
coefficients, dodecane-correlated with goldfish test system data, 
structure-toxicity relationships of substituted phenothiazine deriva- 
tives 


An interesting relationship between the hydrophobic 
properties of phenothiazines and pharmacologic re- 
sponse has been suggested (1, 2). Apparently pheno- 
thiazine hydrophobicity, as characterized by surface 
activity and high oil-water partition coefficients, is 
related to pharmacological response, i.e., the greater the 
hydrophobicity the greater the activity (3-6). In all of 
these studies, relatively complex pharmacological effects 
were monitored but no attempt was made to elucidate 
the role of the absorptive process in modifying pharma- 
cological response. 


The purpose of this report is to  demonstrate that a 
relatively simple and inexpensive biological test system 
(death measurements in goldfish) can be utilized to 
correlate pharmacological effect with the physical- 
chemical properties of phenothiazines as well as to 
study the effect of the absorptive process in modifying 
such response. 


EXPERIMENTAL 


In all experiments the phenothiazines (chlorpromazine hydro- 
chloride', chlorpromazine sulfoxidel, 1-chloro and 3-chloro analogs 
of chlorpromazine hydrochloride', promazine hydrochloride*, and 
triflupromazine hydrochlorides) were dissolved in 0.06 M Sorensen's 
phosphate buffer, pH 5.3. Chemical structures and pKa values are 
given in Table I. I n  each case the drug was essentially protonated. 
All solutions (5 X M )  were freshly prepared and placed in 
light-resistant containers. 


Surface tension measurements of the phenothiazines in a well- 
lighted laboratory demonstrated a gradual loss of surface activity, 
as indicated by a decrease in surface pressure. Accordingly, all ex- 
periments were conducted in a darkened laboratory where it was 
observed that surface activities were constant during the time course 
of the experiments (30 min.). The surface pressure of chlorproma- 


1 Smith I<line & French Laboratoxies, Philadelphia, Pa. 
2 Wyeth Laboratories, Philadelphia, Pa. 
3 Squibb Institute for Medical Research, New Brunswick, N. J.  


Table I-Chemical Structures of Phenothiazines 


'I. 


~~ ~~ 


Phenothiazine R, Rz pKa- 


Triflupromazine 2-CF3 - 9 . 2  
3-Chlorpromazine 3-CI - 9 . 2  


Promazine 2-H - 9 . 4  
Chlorpromazine 2-c1 0 9 . 0  


2-Chlorpromazine 2-CI - 9 . 3  
1-Chlorpromazine 1 -Cl - 9 . 4  


sulfoxide 


a Data from Reference 14. 


zine sulfoxide was found to be constant for at  least 6 hr., regardless 
of light conditions. 


Goldfish, Carassius aurutus, common variety, weighing about 
3-4 g., were obtained locally and used as the test animal. Pre- 
liminary experiments with chlorpromazine indicated that bathing 
solution concentrations as low as 0.06-1.2 mcg./ml. were needed to 
obtain reasonable overturn times. Under these conditions, use of 
the overturn technique (7) yielded fluctuant results. It was reported 
(8) that goldfish exposed to  chlorpromazine solutions of 4.0 mcg./ml. 
exhibited graded toxicity responses depending upon the volume of 
the bathing solution. This indicates that an appreciable adsorption 
of drug on the fish and/or glassware occurs at concentrations of 
4.0 mcg./ml. and below. Use of higher chlorpromazine concentra- 
tions negates the adsorptive effect in that the bathing concentration 
probably remains constant but overturn is so rapid that it cannot 
be measured. Accordingly, the time of death induced by various 
2-substituted derivatives of phenothiazine was determined by im- 
mersing each fish in 250 ml. of the drug solution a t  26-28", as 
described by Levy and Gucinski (9). Eight fish were used for each 
phenothiazine studied. Similarly, a separate lot of fish was used 
to  determine the effect of changing the ring position of the chlorine 
atom on absorption of the 1- ,  2-, and 3-chloro analogs. 


Surface tension measurements were made at  25" using a surface 
tensiometer4 having a ring circumference of 6.00 cm. Ten determina- 
tions, each involving fresh samples, were made of the various solu- 
tions. Surface pressure (n) was calculated as the surface tension of 
the buffer minus the surface tension of the phenothiazine solution. 


RESULTS AND DISCUSSION 


The surface pressures and corresponding times of death for the 
phenothiazine derivatives and analogs are shown in Tables I1 and 
111. It is obvious from the ?r values reported in Table 11 that a 
phenothiazine containing a -CF3 group at  position 2 of the 
ring is more surface active than one containing a -C1 group, which 
in turn is more surface active than a phenothiazine containing a 
-H at the 2-position. Addition of oxygen to the sulfur produces a 
compound with virtually no surface activity. These findings are in 
agreement with the data of Zografi and Munshi (10). Although a 
quantitative comparison between the two studies is not possible due 
to  differences in experimental conditions such as pH, buffer species, 
and phenothiazine concentration, a qualitative or rank order cor- 


4 Fisher. 
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Table II-Time of Death (Td), Surface Pressure (T) ,  and 
Apparent Partition Coefficient (Pa)  of Phenothiazine Derivatives 


Table 111-Time of Death (Td), Surface Pressure (T) ,  and 
Apparent Partition Coefficient (Pa) of Chlorpromazine Analogs 


r ,  
Phenothiazine Td,  min. + SDa dyneslcm. Pab 


Triflupromazine 10.9 f 0.8 28.8 172 
2-Chlorpromazine 14.4 rt 1 . 0  18.3 73 
Promazine 17 .7  + 1 . 7  12.9 8 
Chlorpromazine 205 + 38.2 1 . 1  0.0015 


sulfoxide 


= All values significantly different from each other by Student’s t 
test ( p  < 0.05). b Data calculated at pH 5.3 from Reference 14. 


relation exists. As stated by Zografi and Munshi (lo), the pheno- 
thiazine molecule appears to be oriented at  the interface with the 
ring toward the nonpolar phase and the alkylamino group directed 
toward the bulk aqueous phase. Changes in hydrophobicity of the 
ring structure will, therefore, change surface activity significantly. 
The contribution of the substituent a t  position 2 of the ring to the 
hydrophobic character of the molecule is further illustrated in 
Table 11. 


The apparent partition coefficient at  pH 5.3 for the various 
phenothiazine derivatives between dodecane and water shows the 
same rank order relationship as does surface pressure, i .e.,  tri- 
flupromazine > chlorpromazine > promazine > chlorpromazine 
sulfoxide. Time of death determinations indicate that the greater 
the surface activity or partition coefficient, the greater the toxicity. 
Again the same rank order is seen: triflupromazine > chlor- 
promazine > promazine > chlorpromazine sulfoxide. This cor- 
relates well with experiments in other species using complex pharma- 
cological responses (3-6, 11-13), thus illustrating that the simple 
goldfish experimental system is capable of differentiating pharma- 
cological activity as a function of structural modification. 


The effect of substituent position is seen in Table 111. The 1-, 
2-, and 3-chloro analogs of chlorpromazine caused death in gold- 
fish with equal effectiveness and correlate with the apparent par- 
tition coefficients in dodecane at  pH 5.3. Interestingly, the ?r values 
for these analogs exhibit the same rank order (3-chloro > 2- 
chloro > I-chloro) as those reported by Zografi and Munshi (10). 
While these T values did not correlate with the apparent partition 
coefficient in dodecane or with times of death, they did exhibit a 
rank order correlation (61.3, 32.4, and 17.0 for 3-, 2-, and 1-chloro 
analogs, respectively) with ti-octanol partition coefficients (14). 
Only the free base form of chlorpromazine partitions into dodecane, 
while in iz-octanol both the free base and the ionic species partition, 
the latter as an ion pair (14). Since dodecane partition coefficients 
correlate with times of death in goldfish, it appears that it is the 
free base that is being absorbed. Thus, dodecane partition coeffi- 
cients are a better parameter than ?r values or n-octanol partition 
coefficients for predicting phenothiazine absorption efficiency. 


In spite of the fact that the phenothiazines are completely ionized 
at  pH 5.3. absorption of the free base occurs due to the extremely 
high intrinsic partition coefficients (46,300-73,100) of these com- 
pounds. 


The data presented in this report demonstrate that a relationship 
exists between phenothiazine absorption and hydrophobicity as 
indicated by partitioning into dodecane. Although a rank order 
correlation was also found between surface pressure and time of 


r, 
Phenothiazine Td,  min. f SDa dyneslcm. Pab 


~ 


3-Chlorpromazine 12 .7  41 0 . 9  21.8 58 
2-Chlorpromazine 13.0 f 1 . 4  18 .3  73 
1-Chlorpromazine 12.7 -f 1 . 2  13.2 49 


a No statistical difference between values. b Data calculated at pH 
5.3 from Reference 14. 


death for the 2-substituted derivatives, a similar relationship could 
not be demonstrated for the 1-, 2-, and 3-chloro analogs. 


It appears, therefore, that the goldfish test system is capable of 
discerning structure-toxicity relationships of substituted pheno- 
thiazines. The data reported in this study imply that differences in 
the appearance of phenothiazine-induced toxicity depend upon the 
ability of the free drug to  partition into the fish and this process can 
be correlated with dodecane partition coefficients. One must, how- 
ever, use caution in extrapolating these results t o  tranquilizing 
activity in higher animals since inherent activity differences between 
the various phenothiazines were reported ( 5 ) .  
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New Synthesis of 
a-(Disubstituted Aminomethyl)-9-phenanthrenemethanols 


CARROLL TEMPLE, Jr.*, JERRY D. ROSE, and JOHN A. MONTGOMERY 


Abstract Treatment of 9-phenanthryllithium (I)  with a variety of 
carbonyl compounds is described. Condensation of I with methyl 
N,N-di but yloxamate gave N,N-dibutyl-9-phenant hreneglyoxylamide 
(111). which was reduced with sodium bis(2-methoxyethoxy)alu- 
minum hydride to give ~-[(N,N-dibutylamino)methyl]-9-phen- 
anthrenemethanol (VI). Similarly, condensation of 3,6-bis(trifluoro- 
methyl)-9-phenanthryllithium (11) with N,N-dibutyloxamate and 
N,N-diheptyloxamate gave, respectively, N,N-dibutyl- and N,N-di- 
heptyl-3,~bis(trifluoromethyl)-9-phenanthreneglyoxylamides (IV 
and V). Reduction of both carbonyl functions of IV and V simul- 
taneously with diborane gave, respectively, a-[(N,N-dibutylamin0)- 
methyl]- and (Y - [(N,N-diheptylamino)rnethyll-3,6- bis(trifluoro- 
methyl)-9-phenanthrenemethanols (VII and VIII). 


Keyphrases 0 (~-Aminomethyl-9-phenanthrenernethanols-syn- 
thesis 0 9-Phenanthryllithiums-reactant, synthesis of a-amino- 
methyl-9-phenanthrenemethanols 0 N,N-Disubstituted 9-phenan- 
threneglyoxylarnides-synthesis, reduction 0 Phenanthrenemeth- 
anols-synthesis 


Halogen - containing a! - (aminomethyl) - 9 - phenan- 
threnemethanols are active and curative against Plusmo- 
dium berghei in mice ( I )  and cause none of the photo- 
sensitization observed with many quinolinemethanols 
(1, 2) .  Phenanthrenemethanols are prepared by mul- 
tistep syntheses (1, 3); in one method the amination of a 
phenanthrylethylene oxide can give a mixture of two 
isomers (4). The preparation of two 3,6-bis(trifluoro- 
methy1)phenanthrenemethanols by a shorter and un- 
ambiguous route resulted from an investigation of the 
condensation reactions of 9-phenanthryllithium with 
various carbonyl compounds1. 


DISCUSSION 


The lithiation of 9-bromophenanthrene to  give 9-phenanthryl- 
lithium (I )  was described previously (6) ,  and a suspension of I in 
ether was used in most of the condensation reactions described here. 
As expected, carbonation of I gave 9-phenanthroic acid (71 %) (6) 
and phenanthrene (20732. Treatment of I with carbobenzoxy 
chloride at  -20" readily gave benzyl 9-phenanthroate, which was 
not isolated but was saponified to  give 9-phenanthroic acid. In 
contrast, the reaction of I with ethyl oxalyl chloride gave a complex 
mixture, the mass spectrum of which indicated the presence of ethyl 
9-phenanthreneglyoxylate (9-CI4HgCOCO2CzH5) and mainly higher 
molecular weight structures. Similarly, the condensation of I with 
either ethyl N,N-dibutylglycinate (8, 9) or the hydrochloride of 
N,N-dibutylglycyl chloride (10, 11) at -70" appeared to  give a 
mixture of phenanthrene, 9-phenanthroic acid, and 9,9'-biphen- 
anthryl [9,9'-(CI4H,)2], but none of the desired ketone 9-CL4H9- 
COCH.ZN(C,H,)~. Also, treatment of I with (diethy1amino)acetone 
to give a-(diethylaminomethyl)-a-methyl-9-phenanthrenemethanol 
[9-CIrH,C(OH)(CH,)CH2N(C2H5)2] over a temperature range 
of from -50 to  f35" was unsuccessful3. However, successful re- 
actions were obtained by condensation of I at  -70" with p-(N,N- 


A preliminary report of part of this work appeared previously (5). 
Presumably this product is formed from the reaction of I with the 


3Condensation of this ketone with a Grignard compound was re- 
solvent (7). 


ported (12). 


dimethy1amino)benzaldehyde to give cu-(p-N,N-dimethylanilino>9- 
phenanthrenemethanol [9-C14HgCH(OH)CsH4N(CH3)~-p] and with 
chloroacetaldehyde, prepared by distillation of its cyclic trimer (13), 
t o  give ~-(chloromethyl)-9-phenanthrenemethanol [9-CI4HgCH- 


These aldehyde condensations then prompted the prepara- 
tion of N,N-(dibuty1amino)acetaldehyde by hydrolysis of its acetal 
(14) in dioxane with hydrochloric acid. The NMR spectrum in 
CDCla indicated that the product was a mixture of the aldehyde and 
two other components, probably its hydrate and a polymeric form. 
The condensation of this mixture with I in tetrahydrofuran at - 10" 
gave mainly phenanthrene, but the mass spectrum also indicated 
the presence of cu-[(N.N-dibutylamino)methyl]-9-phenanthrenemeth- 
anol [~-CMH,CH(OH)CHZN(C~H~)Z] (VI) and 9,9'-biphenanthryl. 
The amination of cu-(chloromethyl)-9-phenanthrenemethanol al- 
ready described to  give VI was not attempted because of the devel- 
opment of a more practical route to this compound. 


The best method found for the preparation of phenanthrene- 
methanols involves the condensation of I with methyl N,N-dibutyl- 
oxamate to  give N,N-dibutyl-9-phenanthreneglyoxylamide [Cl4H9- 
9-COCON(C4Hg)~] (111) followed by simultaneous reduction of both 
carbonyl functions with Na(CH30CH~CHz0)2A1Hz to give VI, 
isolated in good yield as the sulfate (3). 


Attention was then directed toward the conversion of 9-bromo- 
3,6-bis(trifl~oromethy1)phenanthrene~ t o  the corresponding 9- 
phenanthryllithium compound (11). Treatment of an ether solution 
of this 9-bromophenanthrene with n-butyllithium gave a red solu- 
tion, which was shown to contain I t  by carbonation to give a good 
yield of 3,6-bis(trifluoromethyl)-9-phenanthroic acid ( I )  and 3,6- 
bis(trifluoromethy1)phenanthrene. A similar solution of I1 was con- 
densed with methyl N,N-dibutyloxamate at  -70" to give the cor- 
responding phenanthrene and mainly the N,N-dibutyl-9-phenan- 
threneglyoxylamide (IV), which was obtained pure by column 
chromatography. The reduction of both carbonyl functions of 1V 
was effected with Na(CH30CH2CH~0)~A1H~;  however, this reagent 
also caused partial reductive defluorination of the trifluoromethyl 
groups. In addition, both chromatographic and spectral data indi- 
cated the presence of phenanthroic acids, presumably resulting from 
cleavage between the carbonyl groups of IV in the basic medium. 
The successful reduction of IV to  the corresponding phenanthrene- 
methanol (VII) was effected with diborane. A higher overall yield 
of VII was obtained by treatment of the described mixture of IV 
and the by-product, 3,6-bis(trifluoromethyl)phenanthrene, with 
this reducing reagent. Similarly, the condensation of I1 with N,N-  
diheptyloxamate gave the 9-phenanthreneglyoxylamide (V), which 
was not purified but reduced with diborane to  give VIII directly 
(Scheme I). 


(0H)CHzCII. 


EXPERIMENTAL5 


N,N-(Dibuty1amino)acetaldehyde Hydrochloride-Concentrated 
hydrochloric acid (3.4 ml.) was added dropwise to a cold solution of 
N,N-dibutylaminoacetaldehyde diethyl acetal(5.00 g., 20.4 mmoles) 
in dioxane. The resulting solution was covered with nitrogen and 
stirred for 20 hr. at  room temperature, with formation of an amber 
color within the first 2 hr. The solution was frozen in dry ice and 
lyophilized for 60 hr. The residue was a viscous amber syrup which 
became a light-brown semisolid upon prolonged drying in L'UCUO over 
phosphorus pentoxide, yielding 5.2  g. The NMR spectrum of this 


4 The authors express appreciation to Drs. T. R.  Sweeney and R.  E. 
Strube of the Walter Reed Army Institute of Research for this material, 
prepared by the method of Ohno and Tsuji (1 5) from the corresponding 
phenanthroic acid (I) .  


6 Melting points were determined on a Mel-Temp apparatus. 
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1 R = H  III: R = H, R' = C4Hg 
I1 R = CF3 Iv: R = CF3, R' = C4Hg 


V: R = CF,, R' = C?Hi, 


J 


VI: R = H, R' = C4H9 
V I I  R = CF3, R' = C4H9 


V I E  R = CF3, R' = CrHI, 
Scheme I 


residue in CDC13 (tetramethylsilane) indicated the presence of the 
acetaldehyde [17 %, 6 -9.8 (CHO)] and two other compounds, prob- 
ably its hydrate and a polymeric form [6 4.5,5.2(-0C(-)HO-)]. 
This sample, without further purification, was condensed with I. 


Methyl N,N-Dibutyloxarnate-A solution of dimethyl oxalate 
(50.0 g., 423 mmoles) and dibutylamine (54.7 g., 423 mmoles) in 
methanol (150 ml.) was stirred under nitrogen at room temperature 
for 24 hr., refluxed for 36 hr., and concentrated under reduced pres- 
sure to give a mixture of white crystalline solid and viscous yellow 
oil. The solid was collected by filtration, washed with hexane, and 
driedin uucuo over phosphorus pentoxide at 65",yielding 1.37 g.,m.p. 
197-200". This product was identified by its elemental analysis and 
IR spectrum as the bis(dibuty1)amine [bis-(CB&NH] salt of oxalic 
acid. The yellow oil was distilled in DUCUO through a short Vigreaux 
column, yielding 64.0 g. (70.4%), b.p. 104-108"/1.2 mm. TLC 
showed the presence of both dimethyl oxalate and diphenanthryl- 
amine [(C9H1&NH]. The colorless oil was redistilled in uucuo, 
yielding 58.4 g. (64.2x), b.p. 104-105"/1.0 mm. 


And-Calc. for CllH~1N03: C, 61.37; H, 9.83; N, 6.51. 
Found:C,61.14;H,9.70;N,6.41. 


Methyl N,N-Diheptyloxamate-A solution of dimethyl oxalate 
(39.1 g., 331 mmoles) and diheptylamine (70.6 g., 331 mmoles) in 
methanol (150 ml.) was refluxed under a nitrogen atmosphere for 
64 hr. and concentrated under reduced pressure to give a mixture of 
a viscous yellow oil and white crystalline solid. The solid (1.45 g.) 
was removed by filtration, and the clear yellow oil was distilled in 
vucuo. After a few drops of colorless distillate was collected (oil 
bath 115-120"/0.02-0.03 mm.), the pressure rose quickly to  -2 
mm. and distillation ceased. The distillate was identified as N,N- 
diheptylmethylamine [(C7H1&NCH3] by its IR and mass spectrum 
(M+ = 227). The clear, yellow pot residue (79.6 g.) was chromato- 
graphed on a silica gel H column (1.2 kg.) which was eluted with 
hexane-chloroform (2:l). The first major fraction was the desired 
oxamate ester, obtained as a clear, chromatographically homo- 
geneous oil by evaporation of the solvent, yielding 20.6 g. (21 %). 


And.-Calc. for C1~HaaNO3: C, 68.19; H, 11.10; N, 4.68. 
Found: C, 67.99; H, 10.92; N, 4.40. 


A second fraction (5.8 g.) contained mainly the oxamate ester, 
but the sample was contaminated with a small amount of N,N-di- 
heptylformamide [(C7Hle)lNCHO] as shown by its mass spectrum. 
The third fraction (2. I 8.) was chromatographically homogeneous 
(CTH~~ZNCHO.  The fourth major fraction was collected as several 
portions from a diffuse, slow-moving band on the column, total 
weight 7.2 g. TLC and a mass spectrum of the largest portion in- 
dicated the presence of diheptylamine, N,N-diheptylmethylamine, 
and(CTHls)2NCOCOzH. The formation of the by-products was attri- 
buted to the thermal degradation of the desired oxamate when the 
distillation of the crude product was attempted. 


9-Phenanthryllithium (I) (6cUnder  a nitrogen atmosphere, a 
21.3% (w/w) solution of butyllithium in hexane (8.6 ml., 19.5 
mmoles, 25 %excess) was added by hypodermic syringe to an ice-cold 
solution of 9-bromophenanthrene (4.00 g., 15.6 mmoles) in dry 
ether (60 ml.). The resulting suspension was centrifuged, the ether 
was decanted, and the solid I was transferred under nitrogen with 
the aid of dry ether (120 ml.) to the reaction flask. A suspension of I 
prepared in this manner was used in the following condensation re- 
actions. 


9-Phenanthroic Acid-Procedure A-A suspension of I in ether 
(30 ml.) prepared from 9-bromophenanthrene (1.0 g., 3.9 mmoles) 
was cooled to -20" in a dry ice-acetone bath and treated with 
carbobenzoxy chloride (0.67 g., 3.9 mmoles). The resulting solution 
was allowed to warm slowly to  room temperature, during which 
time a large amount of lithium chloride deposited. Water (50 ml.) 
was added to the mixture, and the ether layer was separated, washed 
with water, dried over sodium sulfate, and evaporated in uucuo to 
give a pale-yellow viscous oil, yielding 1.2 g. A solution of this oil and 
potassium hydroxide pellets (10 9.) in 90 ml. of ethanol was refluxed 
for 2 hr. and evaporated to dryness in uucuo. The residue was tritu- 
rated with water (50 ml.), and the resulting solution was filtered 
from 0.47 g. of dark-brown resinous matter. The filtrate was acidi- 
fied to pH 4 with concentrated sulfuric acid, and the crystalline 
precipitate was collected by filtration and dried in uucuo over phos- 
phorus pentoxide, yielding0.29 g. (33.573, m.p. 253-255" with char- 
ring [lit. (6) m.p. 251-252", 255-257"]. 


Procedure B-A suspension of I in ether was poured over 
crushed dry ice to give a 71 yield of 9-phenanthroic acid, m.p. 
252-255", and a 20% yield of crude phenanthrene. 
a-(p-N,N-Dimethylanilino)-9-phenanthrenemethanol Monohydro- 


chloride-A suspension of 1 in ether (60 ml.) prepared from 9- 
bromophenanthrene (2.0 g., 7.8 mmoles) was cooled to -70" 
under a nitrogen stream and then treated dropwise with a solution 
of p-(N,N-dimethy1amino)benzaldehyde (1.2 g., 7.8 mmoles) in 
ether (30 ml.). The resulting suspension was allowed to warm to 
room temperature and rapidly developed a bright-yellow color near 
0". The suspension was refluxed gently for 4 hr., cooled, and poured 
into cold water (100 ml.). The ether layer was washed with cold 
saturated sodium bisulfite solution (200 ml.) and water (2 X 100 
ml.), dried over sodium sulfate, and evaporated to dryness to give a 
soft solid, yielding 1.90 g. This material was precipitated as thehydro- 
chloride salt by bubbling dry hydrogen chloride gas into a solution 
of the crude solid in ether (200 ml.). The hygroscopic, violet-colored 
solid was collected by filtration under nitrogen and dried over phos- 
phorus pentoxide in uucuo, yield 1.31 g. (46.2%). To prepare a 
sample free of the violet color, a solution of the solid in ethanol 
(50 ml.) was treated with charcoal, filtered through diatomaceous 
earthe, and diluted with ether until precipitation was complete. The 
nearly colorless solid was collected under nitrogen and dried in 
uucuo over phosphorus pentoxide. However, when this sample was 
dried, it reassumed its violet color, yielding 0.31 g. (10,9%), melting 
point sintered and decomposed above 140". 


Anal.-Calc. for CZ~HZ~NO.HCI:  C, 75.92; H, 6.09; N, 3.85; 
C1,9.74.Found:C,75.71;H,5.91;N,4.03;C1,9.54. 
~-(Chloromethyl)-9-phenanthrenemethanol-A suspension of I 


in ether (100 ml.) prepared from 9-bromophenanthrene (4.00 g., 
15.6 mmoles) was transferred to a three-necked flask fitted with a 
nitrogen inlet, condenser, and a connecting tube bent at 
a 105" angle. The latter was also attached to a small round-bottom 
flask containing the solid cyclic trimer of chloroacetaldehyde (2.5 g., 
31.8 mmoles as the aldehyde, 100% excess) (13). The ether suspen- 
sion was cooled to -70" in dry ice; anhydrous chloroacetaldehyde 
was distilled from the side flask into the reaction mixture by applica- 
tion of direct heat from a burner. When the distillation was com- 
plete (-30 min.), the greenish-yellow suspension was allowed to 
warm to room temperature. Ice water (100 ml.) was added, and the 
aqueous layer was separated and extracted with ether (150 ml.). 
The combined ether extract was washed by shaking with ice-cold 
saturated sodium bisulfite solution (100 ml.) and cold water (3 X 
100 ml.), dried over sodium sulfate, and evaporated in uucuo to give 
a spongy beige solid, yielding 4.0 g. This crude material was dissolved 
in ether (150 ml.), and the solution was diluted to a volume of 500 
ml. with hexane and refrigerated overnight. The deposit of tan 
needles was collected by filtration, washed with cold hexane, and 


8 Celite. 
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dried in DUCUO over phosphorus pentoxide, yielding 1.69 g. (42.2%), 
m.p. 139-140". 


And.-Calc. for C1~H13C10: c ,  74.86; H, 5.10; C1, 13.81. 
Found:C,74.75;H,5.13;Cl, 13.68. 


A second crop of colorless crystals was obtained by treating the 
filtrate from the first crop with charcoal, evaporating the solvents, 
and recrystallizing the residue from fresh ether-hexane, yielding 0.38 
g. (9.5%),m.p. 138-14O0.Thetota1yieldwas2.07g. (51.7%). 


N,N-DibutyI-9-phenanthreneglyoxylamide (111)-A suspension of 
I in ether (120 ml.) prepared from 9-bromophenanthrene (4.00 g., 
15.6 mmoles) was cooled under a stream of nitrogen to -70" in 
dry ice. A solution of freshly distilled methyl N,N-dibutyloxamate 
(3.36 g., 15.6 mmoles) in ether (25 ml.) was added in a rapid stream, 
and the resulting clear yellow solution was stirred at -70" for 30 
min. and then at room temperature. After 1.5 hr. the reaction mix- 
ture began to deposit a fine granular white solid. After 2 hr. the 
suspension was treated with cold water (100 ml.) and the ether 
layer was separated. The latter was diluted to a volume of 250 ml. 
with ether and washed with water (3 X 100 ml.), dried over sodium 
sulfate, and evaporated under reduced pressure to a clear yellow 
oil, yielding 5.30 g. (94%). The crude oil was dissolved in hexane- 
chloroform (2:1), and the solution was poured onto a silica gel H 
column (150 g.). Elution with hexane-chloroform (2:l) and evap- 
oration of the solvent gave three major fractions: (a) phenan- 
threne, yield 0.24 g., m.p. 95-96" (after recrystallization from 
ethanol); ( b )  111, yield 4.40 g. (78%) as a pale-pink oil that solidified 
slowly upon prolonged drying in uucuo; and (c) mixture of I11 and 
unreacted methyl N,N-dibutyloxamate (0.60 g.). A solution of frac- 
tion b in  warm methanol (150 ml.) was treated with charcoal and 
filtered through diatomaceous earth followed by evaporation of the 
solvent, yielding 3.37 g. (59.773, m.p. 61-62". 


And.-Calc. for G4H27N02: C, 79.74; H, 7.53; N, 3.88. Found: 
C ,  79.76; H, 7.48; N, 4.06. 


In another run the product was also purified by column chroma- 
tography. With chloroform-hexane (1 : 1) as the elution solvent, the 
yield of homogeneous, waxy material was 2.3 g. (40.8%). This sol- 
vent caused partial overlapping of the bands of 111 and the trailing 
oxamate ester. Thus, an additional 1.8 g. (31.9%) of the desired 
product contaminated (TLC) with the oxamate ester was obtained. 
The total yield was 4.1 g. (72.7%). 


3,6-Bis(trifluoromethyl)-9-phenanthroic Acid-Under a nitrogen 
atmosphere, a 21.3 % (w/w) solution of /r-butyllithiuni in hexane 
(1.2 ml., 2.8 mmoles, 10% excess) was added by hypodermic sy- 
ringe to a slightly cooled (-10") solution of 9-bromo-3,6-bis(tri- 
fluoromethy1)phenanthrene (1.0 g., 2.5 mmoles) in dry ether (75 
ml.) with instantaneous formation of a clear, wine-red solution of 
11. This solution was stirred under nitrogen with ice cooling for 30 
min. and then poured onto a large excess of freshly crushed dry ice. 
After evaporation of the ether and carbon dioxide, the brick-red 
residue was stirred with water (200 ml.) containing 0.25 ml. of 50% 
sodium hydroxide solution. The insoluble matter was collected by 
centrifugation; the sediment was washed by trituration with water, 
centrifugation, and decantation. The combined washes were acidi- 
fied with excess concentrated hydrochloric acid, and the precipi- 
tated gelatinous solid was collected by filtration, washed with water, 
and driedinoacrrooverphosphorus pentoxide, yielding0.56g. (61.6 %), 
m.p. 263-266" with prior sintering. The crude acid was reprecipi- 
tated under the same conditions with charcoal treatment, washed 
with water, and dried in DUCUO over phosphorus pentoxide at 65", 
yielding 0.36 g. (39.573, m.p. 268-269" with prior sintering[lit. (1) 
m.p. 272-273'1. 


Anal.-Calc. for C17HsF602: C, 57.00; H, 2.25; F, 31.82. Found: 
C, 57.05; H, 2.08; F, 31.56. 


A portion of the dark-red, base-insoluble centrifugation sediment 
(0.24 g.) was sublimed in uucuo at 4@-50". The pale-yellow crystal- 
line sublimate was identified as 3,6-bis(trifluoromethyl)phenanthrene 
by its mass spectrum, m.p. 124-126". 


N,N-DibutyI-3,6-bis(trifluoromethyl)-9-phenanthreneglyoxyla~de 
(1V)-Under a nitrogen atmosphere, a 21.3% (w/w) solution of 
n-butyllithium in hexane (4.9 ml., 11 mmoles, 10% excess) was 
added by hypodermic syringe to a solution of 9-bromo-3,6- 
bis(trifluoromethy1)phenanthrene (4.0 g., 10 mmoles) in dry ether 
(300 ml.) that had been cooled to -70" in a dry ice-acetone bath. 
After stirring the wine-red solution for 10 min., a solution of freshly 
distilled methyl N,N-dibutyloxamate (2.4 g., 11 mmoles, 10% excess) 
in ether (25 ml.) was added rapidly. External cooling was removed, 


and the reaction mixture was stirred at room temperature for 4 hr. 
The dark-orange solution was treated with cold water (100 ml.), 
and the ether layer was washed with water (3 X 100 ml.), dried 
over sodium sulfate, and evaporated under reduced pressure to give 
anambersemisolid residue, yielding 4.8g. This material was dissolved 
in hexane-chloroform (2: 1) and poured onto a silica gel H column 
(175 g.). Elution with the same solvent gave four major fractions: 
(a) a pale-yellow solid identified as 3,6-bis(trifluoromethyl)phenan- 
threne, yield 0.83 g. (26%), m.p. 122-123"; (6)  an unidentifiedwaxy 
orange solid, yield 0.30 g., m.p. 170-175"; and (c) an off-white 
solid of IV, yield 2.40g. (47.3%), m.p. 149-150". 


Anal.-Calc. for Cz.&L5FaNOz: C, 62.77; H, 5.07; N, 2.82. 
Found: C, 62.61 ; H, 4.84; N, 2.63. 


Fraction d was a chromatographically complex mixture consist- 
ing mainly of unreacted oxamate ester, yielding 0.83 g. 
c~-[(N,N-Dibutylamino)methyl]-9-phenanthrenemethanol Hydro- 


gen Sulfate (V1)-Procedure A-A solution of 111 (1.42 g., 
3.90 mmoles) in ether (30 ml.) was added dropwise at room tem- 
perature to a 70% benzene solution of Na(CH,0CH2CH20)2AlH2 
(4.40 ml., 15.7 mmoles) that had been diluted with ether (30 ml.). 
The pale-yellow mixture was stirred under nitrogen for 1 hr. and 
then refluxed for 5 min. and treated dropwise with ice water (10 
ml.). The sodium aluminate that precipitated was dissolved by the 
addition of 50% sodium hydroxide solution (15 ml.). The aqueous 
layer was extracted with ether (75 ml.), and the combined ether layers 
were washed with water (3 X 120 ml.), dried over sodium sulfate, 
and evaporated under reduced pressure to give a pale-yellow oil. A 
solution of the oil in ether (25 ml.) was acidified with a slight excess 
of sulfuric acid. The ether was evaporated, and the residual oil was 
washed by trituration with hexane (150 ml.) and decantation. This 
material was dissolved in ethanol (60 ml.), and the filtered solution 
was diluted slowly with ether (600 ml.). The granular white de- 
posit that formed after 1 hr. of stirring was collected by filtration 
and dried in uucuo over phosphorus pentoxide, yielding 40 mg., m.p. 
233-235" dec. with prior sintering. This material was tentatively 
identified as an ethylene derivative [C,4H,-CH=CH-N(C,H,)2 . 
H2S04], based on mass spectral analysis (M+ = 331). 


The ethanol-ether filtrate was stirred overnight to deposit a 
granular white solid of VL.H2S04, yielding 0.29 g. (47"j, m.p. 115- 
117". TLC showed that some of the by-product obtained in the 
first crop was present as a trace impurity. 


And.-Calc. for C24H3,N0.HzS04; C, 64.41; H, 7.43; N, 3.13. 
Found: C, 64.30; H, 7.10; N, 2.97. 


Procedure B-A suspension of I in tetrahydrofuran (40 ml.) pre- 
pared from 9-bromophenanthrene (15.4 g., 60.0 mmoles) was 
cooled to -10" and treated rapidly with a solution in tetrahydro- 
furan (75 ml.) of the crude ptoduct (3.60 8.) obtained from the hy- 
drolysis of N,N-dibutylaminoacetaldehyde diethyl acetal in  diox- 
ane. The resulting dark solution was stirred at - 10" for 1 hr., at 
room temperature for 20 hr., and at 60-65" on the water bath for 
5 hr. The cooled solution was evaporated to dryness in uucuo, and 
the residue was dissolved in ether (200 ml.). The solution was shaken 
with ice-cold water (4 X 100 ml.), dried over sodium sulfate, and 
evaporated in uucuo to give a mixture of tan solid and viscous oil, 
yielding 12.4 g. Precipitation of the desired compound as the amine 
hydrochloride salt by bubbling dry hydrogen chloride gas into a 
solution of the crude mixture in ether (250 ml.) was unsuccessful. 
The solution was evaporated, and the dark gummy residue was 
triturated with hexane (3 X 200 ml.). Evaporation of the hexane 
gave solid phenanthrene, yielding 7.1 g., m.p. 94-96" (after recrystal- 
lization from ethanol). Mass spectral analysis of the crude hexane- 
insoluble residue (5.7 g.) showed the presence of the desired phenan- 
threnemethanol (M+ = 349) and a prominent peak attributed to 
9,9'-biphenanthryl (M+ = 354). 
a-[(N,N-Dibutylamino)methyl]-3,6-bis(trifluoromethyl)- 9 - phenan- 


threnemethanol Monohydrochloride (VI1)-Procrdure A-Under 
an atmosphere of dry nitrogen, a 21.3% (w/w) solution of tz-butyl- 
lithium in hexane (7.40 ml., 16.8 mmoles, 10% excess) was added 
by hypodermic syringe to an ice-cold solution of 3,6-bis(trifluoro- 
methyl)-9-bromophenanthrene (6.00 g., 15.2 mmoles) in dry ether 
(400 ml.). After 10 min. the dark-red solution was cooled to -70" 
in a dry ice-acetone bath and then treated in a rapid stream with a 
solution of methyl N,N-dibutyloxamate (3.62 g., 16.8 mmoles, 10% 
excess) in dry ether (50 ml.). The resulting orange solution was 
stirred at room temperature for 2 hr., heated at reflux for 15 min., 
cooled, and then treated with cold water (150 ml.). The organic 
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layer was washed with water (2 X 150 ml.), dried over sodium 
sulfate, and evaporated under reduced pressure to  a crusty 
orange semisolid which was dried briefly by oil pump evacuation. 
The orange material was dissolved in dry tetrahydrofuran (100 ml.), 
and the solution was added rapidly dropwise to an ice-cold solu- 
tion of 1 M BH, in tetrahydrofuran (80 ml.) diluted with tetra- 
hydrofuran ( I 0 0  d.). The resulting solution was refluxed for 1 hr., 
cooled in ice. and treated dropwise with 6 NHCI (50 ml.) with vigor- 
ous hydrogen gas evolution. The turbid mixture was evaporated to 
dryness iu oacuo, yielding 7.2 g. The gummy residue was triturated 
thoroughly with cold water(2 X 150 ml.). The residue was dissolved 
in. ethanol (250 ml.), and the solution was treated with charcoal, 
filtered. and evaporated to dryness. The yellow gum was dissolved 
in chloroform (300 ml.); water (200 ml.) was added and, with 
intermittent vigorous stirring, the aqueous layer was adjusted to 
pH 7-8 (paper) by portionwise addition of solid sodium bicarbonate. 
The chloroform layer was washed with water (200 ml.), dried over 
sodiumsulfate, and evaporated in oucuo toasoft-yellow solid,yielding 
7.1 g. This material was dissolved in dry ether (500 ml.), and dry 
hydrogen chloride gas was bubbled in slowly, but no precipitate 
formed. After evaporation of the ether and partial evaporation 
of a second 5 0 0 4 .  portion, crystallization of a granular white 
solid occurred. After standing for 2 hr., the solid was collected by 
filtration, washed with ether, and dried in uacuo over phosphorus 
pentoxide,yielding 3.70g.(47%),m.p. 210-213" dec. with prior sinter- 
ing. This solid was dissolved in warm ethanol (10 ml.), and the solu- 
tion was added to  dry ether (500 ml.) to deposit long white needles 
upon stirring for 18 hr. at  room temperature. Concentration of the 
filtrate from the first crop and prolonged stirring gave a second 
crop of white solid with identical melting point, total yield 3.05 g. 
(38.6%), m.p. 217-219" dec. [lit. (1) m.p. 221-233.5"l. The sample 
was chromatographically homogeneous. 


Aria/.-Calc. for C ~ E H ~ ~ F E N O . H C I :  C, 59.83; H ,  5.79; N, 2.68. 
Found: C, 59.81; H, 5.68; N. 2.56. 


Procedure B-Under an atmosphere of dry nitrogen, a solution 
of 3,6-bis(trifluoromethyl)-N,N-dibutyl-9-phenanthreneglyoxylam- 
ide (0.50 g., 1.0 mmole) in dry, freshly distilled tetrahydro- 
furan (20 ml.) was added dropwise during 15 min. t o  an ice-cold 
solution of 1 M BH3 in tetrahydrofuran (4 ml.) diluted with dry 
tetrahydrofuran (25 ml.). The initially bright-yellow solution was 
refluxed gently under nitrogen for 1 hr. with complete loss of color 
after 10 min. The solution was cooled in ice and treated dropwise 
with 6 N HCI (25 ml.) with evolution of hydrogen. Most of the 
tetrahydrofuran was removed by atmospheric distillation from a 
hot water bath. The turbid aqueous residue was diluted with water 
(100 ml.), and the mixture was adjusted to  pH 5-6 (paper) by por- 
tionwise addition of solid sodium bicarbonate. The mixture was 
extracted with chloroform (3 X 100 ml.), and the extract was dried 
over sodium sulfate and evaporated to give a nearly colorless semi- 
solid. This residue was dissolved in ethanol (10 ml.), and 2 N 
ethanolic HCI (1.0 ml.) was added to  the solution. Dilution with 
ether (300 ml.) and refrigeration gave a deposit of white solid which 
was collected by filtration, washed with ether, and dried in uacuo 
over phosphorus pentoxide at  78", yielding 0.16 g. (31 x), m.p. 213- 
215" dec. with prior sintering. 


Concentration of the filtrate from the first crop gave successive 
crops of 0.13 and 0.04 g., m.p. 211-213" and 212-214", respec- 
tively. The total yield of product from the reaction was 0.33 g. 


a-[(N,N-Dihep tylamino)methyl]-3,6-bis(trifluoromethyl)an- 
threnemethanol (VII1)-Under an atmosphere of dry nitrogen, a 
21.3% (wlw) solution of n-butyllithium in hexane (4.2 ml., 9.6 
mmoles, 5 %  excess) was added by hypodermic syringe t o  a sus- 
pension of 9-bromo-3,6-bis(trifluoromethyl)phenanthrene (3.6 g., 
9.2 mmoles) in dry ether (150 ml.) that had been cooled to  -10" 
in an ice-salt bath. The resulting dark-red solution was stirred at  
- 10" for 10 min., cooled to  -70" in a dry ice-acetone bath, and 
then treated with a solution of methyl N,N-diheptyloxamate (2.9 
g., 9.6 mmoles, 5z excess) in dry ether (50 ml.). The orange-red 
solution was stirred at room temperature for 2 hr., refluxed for 
15 min.,cooled,and treated with cold water (200 ml.).Theether layer 
was washed with water (200 ml.). dried over sodium sulfate, and 
evaporated it1 cacuo to give V as a white solid colored slightly with 


(64%). 


an orange-red impurity, crude yield 5.3 g. ( 9 9 7 3  A solution of this 
solid in dry, freshly distilled tetrahydrofuran (50 ml.) was added 
dropwise during 15 min. to an ice-cold solution of 1 M BH3 in 
tetrahydrofuran (60 ml.). After 15 min. at  O", the solution was 
refluxed for 1 hr., cooled in ice, and treated dropwise with cold 6 N 
HCI (50 ml.) with vigorous evolution of hydrogen. The turbid mix- 
ture was evaporated to  dryness in oacuo. The gummy residue was 
dissolved in chloroform (200 ml.); water (200 ml.) was added and, 
with vigorous intermittent stirring, the aqueous layer was adjusted 
to  pH 7-8 (paper) by portionwise addition of solid sodium bicar- 
bonate. The chloroform layer was washed with water (2 X 100 ml.), 
dried over sodium sulfate, and evaporated to give a clear yellow 
oil, yielding 5.2 g. Chromatography of this oil on a silica gel column 
[250 g., eluted with chloroform-hexane (2:1)] gave an uni- 
dentified fast-moving component (white waxy semisolid, I .43 9.) 
and VIII as a clear yellow oil, yielding 3.57 g. (69.1 z). TLC showed 
that the oil was contaminated with the fast-moving component. 
The hydrochloride salt of the phenanthrenemethanol could not be 
obtained in solid form by treatment of a solution of the oil in etha- 
nolic hydrochloric acid with ether. The free-base form of the oil was 
passed through a second silica gel column under the same conditions 
as already described to  yield the fast-moving component (0.57 g.) 
and VIII as an orange oil which partially solidified after drying by 
oil pump evacuation, yielding 2.00 g. (38.7z); mass spectrum. M+ = 
569, ( M  - I )+  = 568. A small portion of this sample was dried in 
C ~ C U O  over phosphorus pentoxide at 65" for 1 hr., m.p. 49-50". 


And.-Calc. for C32H4,F6NO: C, 67.47; H, 7.25; N, 2.46. Found: 
C, 67.28; H, 7.09; N, 2.31. 
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Surface Area Term in Myhill-Piper Equation 


Keyphrases 0 Antacids, dissolution rate-surface area term, 
Myhill-Piper equation 0 Surface area-effect on  dissolution rate, 
antacids, Myhill-Piper equation 0 Dissolution, antacids-surface 
area term, Myhill-Piper equation 


Sir : 


A paper by Myhill and Piper (1) is frequently quoted 
in antacid work. In their treatment, using their nomen- 
clature, r(t)  = amount of antacid present in the stomach 
at time t ,  K = emptying rate constant of excess antacid, 
s = rate per unit time at  which antacid is neutralized 
by acid secreted by the stomach, and 7 = “starting 
index” or time after administration of antacid when 
exponential emptying rate commences. 


This leads to the differential equation: 


dr(t)/dr = - K r ( t )  - s (Eq. 1) 


which can readily be integrated. This equation, although 
useful as an initial equation, does not hold in general, 
since it assumes a constant dissolution rate, s, of the 
antacid independent of time. The overall dissolution 
rate would be a function of surface area, which changes 
with time, and would be related to  [r(t)]’/’. It further- 
more depends on pH (which also changes with time), 
and Notari and Sokoloski (2) showed that a cube root 
law ensues when proper treatment is applied. Denoting 
the pH (or time) dependence of s, $ ( I ) ,  changes Eq. 1 to: 


dr(t)/dt = - K r ( t )  - q@(t)[r(t)]*/s (Eq. 2) 


which is sufficiently complicated to  prohibit solution in 
closed form. 


Of course, $( t )  and r ( t )  may change at different rates 
with time. If  the stomach emptying time is long, then pH 
[and $ ( r ) ]  may change fairly rapidly with small amounts 
of dissolved antacid [i.e., in this situation, r ( t )  does not 
change much], so that under these circumstances $ ( I )  
would change much more rapidly than r(r).  In such a 
case, the circumstances are simplified sufficiently to 
allow Eq. 2 to be solved; it now can be put in the form: 


dr(t)/dt = - K r ( t )  - s(t) (Eq. 3) 


where s ( t )  = y$(t)[r(t)]’/3 ,- constant.$(t). When the 
dissolving medium has constant volume, then [as may be 
implied from the work of Notari and Sokoloski (2) ]  the 
volume V of hydrochloric acid consumed at time t can be 
expressed by: 


V,  - V = V_e--or 0%. 4) 


where infinity denotes final state and where o is a func- 
tion of the original surface area. Therefore, with the 
assumption made: 


S(t) = V,we-wl = cze-01 (Eq. 5 )  


and Eq. 3 now takes the form : 


dr(t)/dr + xdt) -I- cze-w‘ = 0 (Eq. 6 )  


The solution to Eq. 6 is obtained uiu the integration 
factor e(‘L‘+y) and is: 


where C would depend on initial conditions (e.g., on T) .  


The point to be stressed is that the surface area is 
related to [r(t)]’/* and that s in Eq. 1 is a function of this 
(and of pH); therefore, surface urea must be a part of 
the resulting equations. 


( 1 )  J .  Myhill and D. W. Piper, Gut, 5, 581(1964). 
(2) R.  E. Notari and T. D. Sokoloski, J .  Pharm. Sci., 54, 1500 


(1965). 


GRETE STEINER 
PAKDEE POTHISIRI 
J. T. CARSTENSENA 
School of Pharmacy 
University of Wisconsin 
Madison, W1 53706 


Received July 25, 1972. 
Accepted for publication August 30, 1972. 
A To whom inquiries should be directed. 


Effect of Microsomal Activation on 
Interaction between 
Isophosphamide and DNA 


Keyphrases 0 Isophosphamide interaction with DNA-ffect of 
microsomal activation 0 D N A  interaction with isophosphamide- 
effect of microsomal activation 3 Microsomal activation-ffect 
o n  isophosphamide interaction with D N A  


Sir: 


We previously showed that the activation to alkylat- 
ing materials of isophosphamide [3-(2-chloroethyl)- 
2-(2-~hloroethyl)aminotetrahydro- 1,3,2 - oxazaphospho- 
rine-2-oxide, I] l, an antineoplastic analog of cyclo- 
phosphamide, is mediated through the NADPH-de- 
pendent liver microsomal oxidase system (1) and is 
increased by pretreatment of animals with phenobarbital 
(2). We have now investigated the effect of this activa- 
tion on DNA synthesis and on the reaction between I 
and DNA in uitro in order to clarify the effect of this 
activation on antitumor activity. 


1 NSC-109724; Ifosfamide, Mead Johnson. 
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BOOKS 


REVIEWS 


Mechanisms of Homogeneous Catalysis from Protons to Proteins. By 
MYRON L. BENDER. Wiley-Interscience, 605 Third Ave., New 
York, NI‘ 10016, 1971. x + 686pp. 15.5 X 23cm. Price$24.95. 
It is probably best to point out at  once that this reviewer worked 


in Prof. Bender’s laboratory during the period 1959-1961. Such an 
association inevitably affects an evaluation of the present kind, pro- 
viding the advantage of insight into the abthor’s manner of attack- 
ing problems, and the disadvantage of unanalyzable subjectivity. 
The net effect is probably to make the reviewer’s task more difficult. 


This book discusses catalysis in solution at  an advanced level. The 
title, though otherwise ill-chosen, is accurate. The treatment pro- 
vides little introduction, and the reader should already possess a 
considerable background in organic reaction mechanisms and ex- 
perimental solution kinetics. With this stipulation, the book is a 
valuable contribution to the study of catalytic mechanisms by one of 
the important workers in the field. 


Following an introductoiy chapter of little distinction, the book 
consists of 18 chapters divided among four main parts: Acid-Base 
Catalysis; Organic and Inorganic Catalysis; Bridging Nonenzymic 
and Enzymic Catalysis; and Enzymic Catalysis. The author’s pri- 
mary message is that enzymic catalysis requires no magical or vitalis- 
tic explanations, though it is obviously very complicated, and that 
the essential features of enzymic catalysis can be found in simpler 
systems. There is a continuum of catalytic complexity, with the 
proton at one end and enzymes at  the other. The author is very suc- 
cessful in making the connections between model systems and the 
enzymes. Such analogy-drawing is responsible for considerable 
repetition of material throughout the book. 


One of the book’s good features is its inclusion of catalytic mech- 
anisms lying well outside the author’s own field of carboxylic acid 
derivative chemistry. Superacids, organometallic catalysts, and 
aromatic hydroxylations are among these. Also useful is the authori- 
tative discussion of enzyme determination by stoichiometric titra- 
tion. The writing is uneven, being rather choppy in places. On 
balance, the book’s role seems to be not as a text, but as a source- 
book for researchers in bioorganic mechanisms. For such readers it 
will be a superior reference work and stimulus. 


Reviewed by Kenneth A. Connors 
School of Pliarmacy 
University of Wisconsin 
Madison, WI 53706 rn 


Cellular Pharmacology-The Effects of Drugs on Living Vertebrate 
Cells in uitro. By MARY DAWSON. Charles C Thomas, Spring- 
field, IL 62703, 1972. xvi + 317 pp. 16 X 24 cm. Price $18.00. 
This is one of a series of American Lectures in Living Chemistry 


intended to advance chemistry in the cause of clinical practice. 
The book consists of seven chapters. The first two deal with the 
role of tissue culture in pharmacology and the second enumerates 
the available methods in assessing the effects of drugs. The re- 
maining chapters are devoted to anticancer and antimicrobial 
substances, steroids, and anti-inflammatory drugs; substances used 
in drug formulations and miscellaneous drugs. The appendix deals 
with commonly used cells in culture studies. An author index for 
all the references is provided. 


This book would not be highly useful for the average pharma- 
cologist. Although a case is made for the adjunctive use of tissue 
culture in evaluating the value and hazard of clinically useful drugs 
and agents, t o  this reviewer, at  this point in time, no significant re- 
duction of in oioo evaluation would be obtained by such procedures. 
The book is useful, however, in pointing out the array of literature 
available in the various drug categories where tissue culture has 


been employed. The “state of the art” may be significantly ad- 
vanced by this compilation since it will bring to  investigators recent 
articles in the field. As the author states in the first chapter, in- 
vestigators must be fully aware of the limitations of the cell culture 
method. This is not to say that important information cannot be 
garnered by such studies. 


I would recommend this book for the pharmacy library, pri- 
marily for advanced students. It would have little utility at the under- 
graduate level. 


Reviewed by Tom S. Miya 
School of Pharmacy 
Purdue University 
Lafayette, IN 47907 
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Dissolution of Hydrocortisone 


M. P .  SHORT*, P .  SHARKEY?, and C.  T.  RHODES* 


Abstract 0 Equations for use in studies of dissolution are derived 
from simple Noyes-Whitney kinetics. In one model the amount of 
drug added to the test system, W,, is equal to the saturation capacity 
of the system, W,. In the second model an equation is derived for 
use when Wo # W,. It was found that the dissolution of hydrocor- 
tisone, in both distilled water and nonionic surfactant solutions, 
obeyed Model I equations up to about 4Ox saturation. The results 
obtained using Model 11 equations showed considerable variation 
in the dissolution rate constant. The effect of low concentrations of 
an n-alkyl polyoxyethylene surfactant upon the dissolution of hy- 
drocortisone was investigated. It is shown that the plot of the dis- 
solution rate constant against the surfactant concentration shows a 
pronounced maxima at the region of the CMC. Possible reasons for 
this finding are discussed. 


Keyphrases 0 Hydrocortisone dissolution-effect of low concen- 
trations of nonionic surfactant (n-alkyl polyoxyethylene) 0 Sur- 
factant effect, nonionic-hydrocortisone dissolution 0 Dissolution, 
hydrocortisone-effect of low concentrations of nonionic surfactant 


In recent years, investigations of the dissolution of 
pharmaceutical powders and dosage forms have 
attracted considerable interest. For sparingly soluble 
drugs, such as many steroids, dissolution can be the 
rate-determining step controlling absorption. Bio- 
pharmaceutical aspects of dissolution rates were dis- 
cussed by Gibaldi (1). 


The original Noyes-Whitney law for application to 
dissolution kinetics (2) was modified by a number of 
workers, notably Nernst and Brunner (3), Hixson and 
Crowell (4), and Dankwerts (5 ) .  Another noteworthy 
paper about dissolution theory is that of Higuchi and 
Hiestand (6). 


A number of workers have presented reports showing 
how substances used as pharmaceutical adjuvants can 
affect drug dissolution rates (7-1 1). For example, 
FinhoIt and Solvang (12) demonstrated that the rate of 
dissolution was modified by polysorbate 80; the changes 
were attributed to changes in interfacial tension rather 
than solubilization effects. Weintraub and Gibaldi (13) 
pointed out that while the influence of micellar solu- 
bilization has been extensively studied, the effect of con- 
centrations below the CMC has been given only 
limited attention. 


In the present paper the derivations and applications 
of some dissolution equations are reported; the mathe- 
matical approach used is fundamentally similar to that 
used by a number of other workers (4, 6, 14, 15). Solu- 
tions of the Noyes-Whitney law are described for two 
cases: (a) when W, = W,, and (b) when W, # W,. 
By using model equations, the dissolution of hydro- 
cortisone in a number of systems containing an n-alkyl 
polyoxyethylene surfactant was investigated. The dis- 
solution results are compared with solubilization data to 
elucidate the mechanisms whereby the surfactant modi- 
fies the dissolution process. In these investigations, the 
beaker method, which was recently subjected to some 
critical appraisal (16, 17)) was used. However, the ap- 


paratus needed to overcome some of the difficulties as- 
sociated with the beaker method is rather complex and, 
as Hersey (18) pointed out, this method is simple and 
adaptable and thus has much to commend it. 


THEORY 


Model I-The discussion is based on the equation: 


where C = concentration of the drug in solution at time I ,  C ,  = 
saturation concentration of the drug, A = surface area of undis- 
solved drug exposed to the solvent at time I ,  and K = the rate con- 
stant of dimensions T-' L-2. 


If V = volume of the system, and 2 = VC = the mass of solute 
dissolved at time I .  then: 


W ,  = vc, (Eq. 2) 


where W ,  is the mass of solute required to saturate the volume V .  
Moreover, W,  = the mass of undissolved solute at initial time, to;  
then Eq. 2 may be written in terms of the amount of dissolved solid, 
2: 


(Eq. 3 )  dz _ -  - KA(W, - Z )  
dr 


A shape factor, 7, is defined for the particles (assumed identical) by: 
A = 7( W ,  - Z)' /J .  If it is assumed further that the particles are 
spherical and remain so during dissolution: 


where P is the solute density. 
By substituting in Eq. 3. recalling that W ,  = W,, and integrating, 


!(We - Z)-6/3dZ = Kvt  + Y .  By using the initial condition Z = 
0 at t = 0 to evaluate the integration constant, after integration: 


( W ,  - Z)-'/3 - W,-'/3 = 2/3Kqt (Eq. 5)  


A plot of the left-hand side based on experimental values of 2 at 
known times I should give a straight-line graph (Fig. 2). From its 
slope u, Kis calculated: K = [3e2/32?r]'/J X 0, where Eq. 4 has been 
substituted for 7. 


Model 11-It is not always experimentally convenient to arrange 
W ,  = W ,  as demanded by Model I. The modification required for 
the case W ,  > W ,  is therefore given. It is convenient to rewrite Eq. 
3 in the form: 


where W = W ,  - 2 is the mass of solute undissolved at time 1. 
By letting W = u 3  and W,  - W, = Fa,  Eq. 6 becomes: 


& = -K(@3 + F3) (Eq. 7) dt 


By using a standard integral from Dwight (19): 


11 ( t ' )  


11 ( t , )  
(u3 + F3)-Idu (Eq. 8a) S - 7K(tz - 11) = 3 
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Figure I-Solubility of hydrocortisone as a .futrtioti of  surfactant 
coiice/irratiun (O-O.I2% w/v). 


for any two times 11 and t z  ( t z t l )  
T ~ L I S  : 


By calculating from Eq. 4 and determining W = W ,  - Z experi- 
mentally at different times tl and 12, I and thus K are obtained from 
Eq. 9. 


EXPERIMENTAL 


Materials-A nonionic /z-alkyl polyoxyethylene surfactantl was 
used. This material, which was characterized previously (20). has an 
average of I6 carbon atoms in the alkyl chain and 30 polyoxyethyl- 
ene groups. Hydrocortisone2 (m.p. 212"), glass-distilled water, and 
immersible stirring units3 were used. 


Hydrocortisone Assay-Hydrocortisone was assayed in distilled 
water by UV spectrometry at 248 nm. The molar absorptivity for 
hydrocortisone at this wavelength was 1.61 X lo4, and the Beer- 
Lambert law was obeyed. Surfactant solutions were used as blanks 
when required. 


Solubility Determinations-An aqueous suspension of hydro- 
cortisone, plus the appropriate amount of surfactant, was stirred for 
1 week at 25 f 0.1 until equilibrium was reached. Samples were 
filtered through 0.22-pm. Millipore filters. 


Determination of Dissolution Rate-The dissolution rate was de- 
termined using the beaker method. The calculated amount of hy- 
drocortisone was added, in powder form, to the center of the vortex 
in 200 ml. of the dissolution medium at time zero. The solution 
was stirred, using an immersible stirring unit, at 1200 r.p.m. Sam- 
ples were withdrawn, through a 0.22-pm. Millipore membrane filter 
held in a filter adaptor (Swinney), at different times and diluted. 


RESULTS AND DISCUSSION 


The first attempt to quantify the rate of dissolution of a solid is 
usually attributed to Noyes and Whitney (2). They attributed the 


1 Glover's Ltd., Leeds, England. 
3 Mcrck Sharp and Dohme Ltd., Hoddesdon, Herts, England. 
3 Rank Bros., Bottisham, Cambridge, England. 


dissolution to a diffusion process, which they expressed by the 
equation : 


= constant x (c, - C) dt  


(where the symbols used are those of Model I). This Noyes-Whitney 
equation contains no explicit dependence of dissolution rate on 
solute surface area but seems to have been a fair description of the 
Noyes-Whitney experimental conditions. By using only large cylin- 
ders (8 cm. long and 2 cm. in diameter) of low solubility solids, 
these workers kept their solute surface area substantially unchanged. 
However, the assumption that surface area is not significantly re- 
duced by time is hardly realistic for powdered solids. 
In investigating solutes other than benzoic acid and lead chloride, 


to which the original Noyes-Whitney work was confined, Higuchi 
and Hiestand (6), Niebergall and Goyan (14), and Niebergall er af. 
(15) allowed in their respective theories for such a reduction, with 
time, of solute surface area. In Model I, the approach used is similar 
to that of Niebergall and Goyan. 


It is appreciated that Eq. 5 ,  though more explicit than the original 
Noyes-Whitney equation, is too crude for the purpose of dis- 
tinguishing dissolution mechanisms. Equation 5 is used because of 
the convenience of the parameter K. In writing the concentration, 
C(t), as a function of time alone, the space dependence normally to 
beexpected from a diffusion process is suppressed. This is justified if 
it may be assumed that stirring renders the drug concentration uni- 
form throughout the volume V. Otherwise stated, i t  is assumed that 
diffusion occurs across the solute-solvent interface and diffusion 
through the solvents is neglected. 


No allowance in this paper has been made here for the effect of 
particle-size distribution. 


A plot of the solubility of hydrocortisone against surfactant con- 
centration takes the form of two straight lines intersecting at an 
apparent CMC of about 1 X w/v (Fig. 1). By the method of 
least squares, the slopes of the lines at both submicellar and supra- 
micellar surfactant concentrations were evaluated. From the results 
shown in Table 1, the value of W, at any surfactant concentration 
between 5 X 


Figure 2 shows the graph for the dissolution of hydrocortisone in 
distilled water. At 300 sec. the dissolution medium was 75% satu- 
rated. However, the line plotted from the experimental results devi- 
ates from linearity at about 50 sec. when the medium was 48% 
saturated. One reason for this finding may be a change in the value 
of 7 with time. Also, the simple dissolution model fails to take into 
account the possible change of the diffusion coefficient with con- 
centration (21). A similar finding was made in the systems contain- 
ing surfactant; Eq. 5 could only be applied to the first half of the 
dissolution process. Kabasakalian et a/. (22) also reported a similar 
divergence between experimental results and theory when the 
saturation exceeds about 4 0 z .  Using an approach similar to that 
used by Wilhelm et a/ .  (23), K was determined from dissolution 
results obtained from systems of 0-40% saturation (23). 


and 1.2 x 10-12 can be calculated. 


Table I-Estimated Solubilities of Hydrocortisone in Solutions 
of an n-Alkyl Polyoxyethylene Surfactant 


~ ~~~~~~~~~~~ 


Estimated Characteristics of Lines Fitted to 
Solubility of --Experimental Data in Fig. 1- 
Hydrocort i- Intercept 


Surfactant, sone, x Slope, X lo4 Correlation z w/v 104 M - 3  M P / %  M-3 Coefficient 


Below apparent CMC of 1 X 10-3 
0 8.33 0.1526 8.33 0.9856 


(4 points) 
5 x 10-6 8.41 
I x 10-4 8.48 
5 x 10-4 9.09 
1 x 10-3 9.86 


1 x 10-3 10.12 8.51 X 10.11 0.8437 
Above apparent CMC 


1 x 10-2 10.20 
4 x 10-2 10.45 
7 x 10-2 10.71 
1 x 10-1 10.96 
1 . 2  X 10-l 11.13 


(5 points) 


~ ~~ 
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Table 11-Dissolution Rate Constants of Hydrocortisone Powder in Various Concentrations of Surfactant 
~~ 


7- Concentration of Surfactant, % w/v o 5 x 10-6 1 x 10-4 5 x 1 0 - 4  I x 10-3 I x 10-2 4 x 10-2 7 x 10-2 I x 10-1 1 .2  x 10-1 


K ,  m.-2 set' 205 290 384 247 216 276 263 279 300 306 


(number of points) (8) (13) (7) (9) (9) ( 7) (9) (9) (9) (9) 
Correlation coefficient 0.988 0.973 0.990 0.993 0.992 0.991 0.997 0.998 0.997 0.996 


SECONDS x 10 - 2  


Figure 2-Dissolution o/' hydrocorrisotie in distilled water as de- 
scribed by Model I .  


Table I1 shows the rate constants for the dissolution of hydro- 
cortisone in various concentrations of surfactant. In all cases the 
correlation coefficients give strong evidence of linearity. 


Figure 3 shows K as a function of surfactant concentration. The 
initial rise of K to a maximum, at a surfactant concentration of 
about 1 X lo-'%, is of considerable interest. Although a number 
of workers reported significant changes in dissolution rates produced 
by surfactants, the existence of a peak value of K in the region af 
the apparent CMC does not appear to have been previously re- 
ported. 


Figure 4 shows a plot of the solubility ratio (solubility of hydro- 
cortisone in surfactant solution/solubility of hydrocortisone in 


I 


4 8 12 
PERCENT w/v SURFACTANT X 10' 


Figure d--Dissolution rate cotisrant (Model I )  of hydrocortisone as a 
jiiticrioii of'siir/actant coticetitration, 0-0.12%. (Insert shows 0-1C3 
expanded.) 


I 1 


0 2 4 6 8 10 
PERCENT w/v SURFACTANT x 102 


Figure 4-Solubility ratio and dissolution rate ratio, R, of hydro- 
cortisorie as a functiorr of surfactant concentratioti. Key: 0, dissolu- 
tion rate ratio: and., solubility ratio. 


water) and dissolution rate ratio (dissolution constant in surfactant 
solution/dissolution constant in water). An explanation of the use 
of such a graph was presented by Gibaldi el a/. (24). Above the 
apparent CMC, the two curves are reasonably close to one another. 
However, whereas below the CMC the dissolution rate ratio shows 
a significant peak, no such maximum is evident on the solubility 
ratio curve. This indicates that the initial rapid rise in K could be 
due to a reduction in the interfacial barrier, a deaggregation effect, 
or a modification of the drug diffusion coefficient. This tinding is 
supported to some extent by the results of Weintraub and Gibaldi 
( I  3). However, it is also of interest to compare Fig. 3 with a surface 
tension surfactant concentration graph (25). The shape of the dis- 
solution K maximum is very similar to the surface tension minima 
commonly observed in such systems. Thus, it is suspected that the 
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Figure 5---Dissolution rate constants (Model 11) of' hydrocortisone 
as a function of time. Upper curve isJor W, = 0.6 W,. arid lower 
curce is for W, = 0.1 W,. Key: K, Run I ;  0, Run 2;  atid 0 ,  Run 3. 
(The dotted line indicates the calue of K obtained by use of Model 1 . )  
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rise and fall of the dissolution K values in the vicinity of the apparent 
CMC may be due to a surface tension effect. Further information 
about the micellar molecular weight of the drug-surfactant complex 
would be required to identify fully the mechanism responsible for 
this finding. 


Studies of the dissolution of hydrocortisone using Model I1 equa- 
tions were performed in six separate experiments. In three experi- 
ments, W ,  was equal to 0.1 W,; in the other three, W ,  was equal t o  
0.6 W,. Values of K are shown as a function of time in Fig. 5 .  It is 
evident that in both series of experiments, K decreased significantly 
with time. 


The values of K are average rate constants as f 1  was set to zero in 
Eq. 9. Although there is a good deal of scatter in the results, values 
of K a t  later times, 28 sec., appear to be approaching a limiting value 
of the same order of magnitude as that determined using Model 1. 


Thus, the results obtained using both Models I and I1 show that 
although simple Noyes-Whitney kinetics may be usefully applied in 
dissolution at low levels of saturation, a more elaborate theoretical 
model is needed for systems that are more than about 4 0 z  satu- 
rated. The results of the Model I1 experiments show that the dis- 
solution process under nonsink conditions is not described by the 
equations derived in this report. 
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Acetylcholinesterase Substrates: 
Acetoxymethylpyridines and Benzyl Acetate 


GEORGE M. STEINBERG., NORMAN C. THOMAS, MORTON L. MEDNICK, and 
JOSEPH W. AMSHEY, Jr. 


Abstract [7 2-Acetoxymethylpyridine ( I )  and 2-, 3-, and 4-acetoxy- 
methylpyridinium methiodides (11. 111, and IV, respectively) are 
spectrophotornetrically useful substrates for acetylcholinesterase. 
Compounds 111 and IV are highly water soluble yet equal to phenyl 
acetate in resistance toward aqueous hydrolysis. Compound I and 
benzyl acetate are appreciably more stable. Kinetic constants for 
both enzymatic and nonenzymatic hydrolysis are reported. Com- 
parison of the relative rates of acylation of acetylcholinesterase by 
Compounds I, 111, and IV and phenyl acetate indicates consider- 
able kinetic selectivity. Contrary to general expectations, the un- 
charged compounds, I and phenyl acetate, have the highest turn- 
over rates. 


Keyphrases IJ Acetylcholinesterase substrates-acetoxymethyl- 
pyridines, benzyl acetate 0 Hydrolysis rates, enzymatic, nonen- 
zymatic-acetoxymethylpyridines 0 Michaelis constants-acetoxy- 


methylpyridines Acetoxymethylpyridine, methiodides-as ace- 
tylcholinesterase substrates, hydrolysis rates Benzyl acetate-as 
acetylcholinesterase substrate 


As part of a program to develop spectrophotometri- 
cally useful substrates’ for application in kinetic and 
mechanism studies with acetylcholinesterase (E.C. 
3.1.1.7), results are reported here with four acetoxy- 
methylpyridines (Table I) and benzyl acetate (V). The 
particular aim is to provide substrates having a range in 
kinetic constants, Km(app) and kcat, and in useful wave- 


Earlier papers in this series include References 1 and 2. 
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D R U G  S T A N D A R D S  


Determination of Ascorbic Acid in Pharmaceutical 
Dosage Forms Based on Oxidation at the 
Tubular Carbon Electrode 


WILLIAM D. MASON', THOMAS D. GARDNER*, and JAMES T. STEWART 


Abstract 0 A method for the determination of ascorbic acid in 
pharmaceutical dosage forms based on electrochemical oxidation 
at the tubular carbon electrode is presented. This method is highly 
specific and may be used to determine ascorbic acid in the presence 
of other vitamins commonly found in multivitamin products. A 
comparison with two commonly employed procedures of analysis 
shows this new method to have fewer manipulative steps and to 
give comparable precision and accuracy. Although automation 
was not used in this study, the method could readily be incorporated 
in automated systems because it employs the technique of con- 
tinuous analysis in flowing streams. 


Keyphrases 0 Ascorbic acid in multivitamin dosage forms-- 
analysis. tubular carbon electrode oxidation 0 Tubular carbon 
electrode -oxidative analysis, ascorbic acid in multivitamin prepara- 
tions 0 Multivitamin dosage forms-analysis, ascorbic acid, 
tubular carbon electrode oxidation 


A wide variety of chemical methods for the determin- 
ation of ascorbic acid were comprehensively reviewed 
in the texts edited by Freed (1) and Higuchi and Broch- 
mann-Hanssen (2). Direct titrations using oxidizing 
agents such as iodine and 2,6-dichloroindophenol are 
often satisfactory if reducing interferences can be re- 
moved. Other methods commonly used to  assay ascorbic 
acid in  pharmaceuticals are based on the reaction of the 
vitamin with suitable reagents to  form colored products. 
All of these methods suffer from a lack of specificity 
and/or require extensive manipulations and separation 
techniques. Automation of the manipulative steps is 
one way in which the colorimetric methods can be 
simplified ( 3 ) ;  however, the possibility of absorbing in- 
terferences still remains. 


Another analytical method which may be used to  
determine ascorbic acid is polarography. The oxidation 
of ascorbic acid at the dropping mercury electrode and 
the advantages of this method over other commonly 
employed methods were summarized by Brezina and 
Zuman (4). These authors concluded that polarography 
is more specific and requires fewer steps in  sample 
preparation than colorimetric and titration methods. 
The main limitations of polarography have been the 
relatively low sensitivity and the limited anodic voltage 
range of the mercury electrode, especially in the pres- 
ence of chloride ion. 


The recently introduced tubular carbon electrode ( 5 )  
is more sensitive than the dropping mercury electrode 
and has a greater anodic voltage range. In addition, the 


tubular electrode is used to  make continuous measure-. 
ments on a flowing stream of sample solution and thus 
is readily incorporated in automated or semiautomated 
systems. In this paper, a method for the determination 
of ascorbic acid in  pharmaceutical dosage forms con- 
taining other vitamins is presented and compared to  two 
commonly used methods. This new method is based on 
continuous analysis in flowing streams by oxidation of 
ascorbic acid at the tubular carbon electrode. 


EXPERIMENTAL 


Instrumentation--The electrode assembly and a diagram of the 
flow system are shown in Fig. I .  The tubular carbon electrode 
described previously (5) was modified by adding a platinum counter 
electrode and replacing the salt bridge with a saturated calomel 
reference electrode'. Carbon rods of about 10 mm. were used 
throughout this study. Solutions were pumped by means of a peri- 
staltic pump2. Tygon tubing (formula R3603). 0.15 cm. (0.0625 in.) 
i.d., was used in the pump and the remainder of the flow system. A 


Figure 1-Flow system and tnhrrlur carbon electrodr. Key:  A. dec- 
,rode assenibly; B, magiretic stirrer; C. p i m p ;  D. polorngrupli; and 
E, recorder. 


~ ~ 


1 Coleman No. 3-152. 
a Harvard Apparatus model 1201 
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Table I-Vitamin Content of Products Tested Table 11-Compounds Tested for Interference with Ascorbic Acid 
Assay Using Tubular Carbon Electrode 


Products Components 


Vitamin C tablets 
A 
B 


C 


D 


Multivitamin tablets 


Multivitamin liquids 
E 


F 


Ascorbic acid 
Ascorbic acid 


Vitamin A, D, C, Bl, B.5, B12, biotin, nia- 


Vitamin A, Dz, C, BI, BT, Be, B12, niacin- 
cinamide, calcium pantothenate 


amide 


Vitamin A, DO, C, Bl, B2, Be, BIZ, niacin- 


Vitamin A, D, E, C, B,, B2, Bg, Biz, niacin- 
amide 


amide, pantothenic acid 


polarography system3 was used to  record the current-voltage and 
current-time curves. 


Chemicals-All chemicals employed were of the highest quality 
commercially available. Standard solutions of ascorbic acid were 
prepared using the powder4. All vitamin products were purchased 
from local pharmacies. All solutions used in the electrochemical 
studies were prepared using 0.05 M acetic acid (pH 3.0), with 0.01 
M sodium nitrate as supporting electrolyte. The acid medium was 
used to suppress autoxidation of the ascorbic acid. 


Procedures-The tubular carbon electrode was cleaned each day 
with ethyl acetate, and a calibration plot of limiting current tiersus 
ascorbic acid concentration was prepared at the volume flow rate 
selected for that day. Volume flow rates between 5 and 12 ml./min. 
were commonly employed and were controlled to + I  %. These 
calibration curves were used directly to calculate the ascorbic acid 
concentration in unknown samples. Standard and sample solutions 
were prepared to  contain approximately 1 X M ascorbic acid 
in the following manner. Solid dosage forms were weighed and 
powdered, and a weighed aliquot was diluted directly in the acetic 
acid medium. Liquid dosage forms were diluted directly; for viscous 
liquids the samples were quantitatively transferred from 2.0-ml. 
volumetric flasks. These dilutions (usually I : 10,000) were pumped 
directly through the tubular carbon electrode. If the sample solu- 
tion contained undissolved solids, a pledget of glass wool was placed 
over the intake tube to act as a filter. A current-voltage curve was 
obtained for each product by scanning anodically from zero volts 
versus the saturated calomel reference electrode (SCE) at  0.5 v./min. 
Once the current-voltage curve for a product indicated no inter- 
ferences, the electrode potential was set a t  0.75 v. tiersus the refer- 
ence electrode, and only the limiting current was measured for sub- 
sequent samples. Intermittent ascorbic acid standards were run to 
check the electrode calibration. 


To determine if other vitamins or compounds commonly found in 
pharmaceutical dosage forms alter the current-voltage curve of 


0 0.25 0.50 0.75 1.00 
VOLTS verwr SCE 


Figure 2-Ascorbic acid current-voltage curoe: a 2.6 X M 
solution in 0.05 M acetic acid: flow rate, II nil./min.; scar1 rate, 0.5 
v.lmiti. 


3 Health EU-401. 
4 Obtained from Baker Chemical Co., Phillipsburg, N. J. 


Talc 
Dextrose 
Sucrose 
Gum t ragacanth 
Acacia 
Gelatin 


~~ 


Magnesium stearate 
Sodium lauryl sulfate 
Cornstarch 
Sorbitan monooleate" 
Polysorbate 40b 


0 Span 80. b Tween 40. 


ascorbic acid or are oxidized at  the tubular carbon electrode, the 
following studies were performed. A M solution of each water- 
soluble vitaminK listed in Table I was prepared with and without 10-4 
M ascorbic acid. Each solution was pumped through the tubular 
carbon electrode, and the voltage was scanned from -0.10 to 0.80 v. 
tiersus the SCE. This experiment was repeated for 10-4 M sodium 
sulfite solutions and also for 0.50% solutions or suspensions of the 
compounds listed in Table 11. 


RESULTS AND DISCUSSION 


The current-voltage curve shown in Fig. 2 was typical of the data 
obtained for oxidation of ascorbic acid a t  the tubular carbon elec- 
trode. For all but one product, the half-wave potential of 0.23 + 
0.01 v. versus the SCE and the shape of the current-voltage curve 
did not change during a day's work. For the one product, the wave 
became less sharp with successive runs and periodic cleaning of the 
electrode with ethyl acetate was necessary, probably to remove ab- 
sorbed dye from the electrode surface. 


The limiting current was linear with respect to ascorbic acid con- 
centration over the 10-6-10-3 M range. A typical calibration plot 
had a slope of 7.0 pa~np. / lO-~ M with a zero intercept. A plot of 
logarithm limiting current uersus logarithm flow rate had a slope of 
0.33, which agrees with theoretical considerations of the tubular 
electrode geometry (6). 


Although the concentrations tested greatly exceeded those ex- 
pected when the pharmaceutical dosage forms are diluted for analy- 
sis, none of the vitamins listed in Table I, sodium sulfite, or the 
compounds listed in Table I1 had an oxidation current a t  the tubular 
carbon electrode under the conditions studied; only sodium lauryl 
sulfate affected the current voltage curve of ascorbic acid. Sodium 
lauryl sulfate (0.50% solution) lowered the limiting current of the 
lo-* M ascorbic acid solution by 20%. This effect diminished as the 
concentration of the sodium lauryl sulfate was lowered and was 
less than 1 % at a concentration of 0.01 w/v. 


D 


Figure 3-Ascorbic acid curretit-time recorder trace. Key: 0, 0.05 M 
acetic acid; A ,  I X M; B,  2 X lo-' M;  C, 4 X lo-' M; 
and D ,  5 x M. See textfordetails. 


6 Water-solubilized a-tocopheryl acetate of U.S.V. Pharmaceutical, 
New York, N. Y., was used to prepare the vitamin E solutions. 
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Table 111-Ascorbic Acid Analysis 
~~~ ~ 


Amount 
Declared 
per Dose, --Mean Amount (mg.) + SD-- 


Product mg. TCEb Method Independent Method 
~ 


A 100 115.13 =I= 2.78 111.81 f 11 .3F  
B 100 97.77 =k 5.36 102.98 + 6.3& 
C 75 77.98 f 2.78 79.32 =I= 2 . 9 9 ~  
D 75 76.32 f 2.09 80.74 =I= 2.65” 
E 5015 ml. 54.10 f 0.44 53.81 f 0.20d 
F 60/0.6 ml. 61.41 0 .52  62.00 =I= 0.21d 


Calculated on basis of five doses; each assayed by TCE and in- 
dependent method. b Tubular carbon electrode method. c Reference 8. 
d Re.ferences 9 and IO. 


Several compounds commonly used as antioxidants undergo 
oxidation at  carbon electrodes (7), but no interference by these com- 
pounds with the ascorbic acid assay is expected for two reasons: 


1. The concentrations of antioxidants is usvally low and will not 
be detectable in the samples diluted (usually 1 : 10,000) for analysis. 


2. The half-wave potentials for most (7) antioxidants differ suffi- 
ciently from that of ascorbic acid to  permit separation of the waves. 


The absence of interferences in the multivitamin products used in 
this study is indicated by the fact that the shapes of the current- 
voltage curves for the products were identical t o  those for standard 
ascorbic acid solutions. 


The vitamin content of the products studied is given in Table I. 
No alterations of the ascorbic acid current-voltage curves resulted 
from the other vitamins contained in these products. Table 111 
shows the mean ascorbic acid content of these products determined 
by assaying five doses of each. Aliquots of each dose were assayed 
using both the tubular carbon electrode and the methods indicated 
in the table. The data for the solid dosage forms show variations in 
the content of the tablets as well as the relative precision of the 
methods used, while the data for the liquid dosage forms indicate 
only the relative precision of the methods. From this study it may 
be concluded that the tubular carbon electrode method gives com- 
parable or superior precision and accuracy when compared to  other 
methods commonly used in the analysis of ascorbic acid. The re- 
producibility of the response of the tubular carbon electrode was 
determined by assaying a single sample dilution five times. A stan- 
dard deviation of the mean of 0.91 


A recorder trace of limiting current uersus time for a series of 
standard ascorbic acid solutions is shown in Fig. 3. This recorder 
trace indicated the time required to  assay a single sample. Once the 


was found. 


TLC of Coumarin Anticoagulants 


C. A. LAU-CAMA and I. CHU-FONG 


sample solutions had been prepared, between 25 and 30 ascorbic 
acid determinations could be performed each hour. Although auto- 
mation was not employed in the present study, the flowing stream 
methodology could readily be incorporated in automated or semi- 
automated systems. 


In comparison to the tubular carbon electrode method, the iodine 
titration was less specific while the colorimetric methods involved 
several manipulative steps and thus required a much longer time. 
In summary, it is concluded that the method introduced in this 
paper has comparable precision, accuracy, and freedom from inter- 
ferences when compared with methods presently available for the 
analysis of ascorbic acid in multivitamin products. In addition, the 
method is faster and less complicated to perform. 
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Keyphrases 0 Coumarin anticoagulants-TLC separation and 
identification 0 Anticoagulants, c o u m a r i n - ~ ~ ~  separation and 
identification TLC-separation, identification of coumarin anti- 
coagulant s 


Abstract 0 A simple, rapid, and reproducible TLC procedure for 
the separation and identification of five 4-hydroxycoumarin 
derivatives used as anticoagulants and rodenticides is presented. 


The separation and identification of couma.rin deriva- 
tives used as anticoagulants and rodenticides are of 
interest t o  the forensic toxicologist and the analytical 


chemist. Internal heniorrhages found in corpses upon 
autopsy is often considered presumptive evidence of 
death arising from intoxication by coumarih anticoagu- 
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Surface Area Term in Myhill-Piper Equation 


Keyphrases 0 Antacids, dissolution rate-surface area term, 
Myhill-Piper equation 0 Surface area-effect on  dissolution rate, 
antacids, Myhill-Piper equation 0 Dissolution, antacids-surface 
area term, Myhill-Piper equation 


Sir : 


A paper by Myhill and Piper (1) is frequently quoted 
in antacid work. In their treatment, using their nomen- 
clature, r(t)  = amount of antacid present in the stomach 
at time t ,  K = emptying rate constant of excess antacid, 
s = rate per unit time at  which antacid is neutralized 
by acid secreted by the stomach, and 7 = “starting 
index” or time after administration of antacid when 
exponential emptying rate commences. 


This leads to the differential equation: 


dr(t)/dr = - K r ( t )  - s (Eq. 1) 


which can readily be integrated. This equation, although 
useful as an initial equation, does not hold in general, 
since it assumes a constant dissolution rate, s, of the 
antacid independent of time. The overall dissolution 
rate would be a function of surface area, which changes 
with time, and would be related to  [r(t)]’/’. It further- 
more depends on pH (which also changes with time), 
and Notari and Sokoloski (2) showed that a cube root 
law ensues when proper treatment is applied. Denoting 
the pH (or time) dependence of s, $ ( I ) ,  changes Eq. 1 to: 


dr(t)/dt = - K r ( t )  - q@(t)[r(t)]*/s (Eq. 2) 


which is sufficiently complicated to  prohibit solution in 
closed form. 


Of course, $( t )  and r ( t )  may change at different rates 
with time. If  the stomach emptying time is long, then pH 
[and $ ( r ) ]  may change fairly rapidly with small amounts 
of dissolved antacid [i.e., in this situation, r ( t )  does not 
change much], so that under these circumstances $ ( I )  
would change much more rapidly than r(r).  In such a 
case, the circumstances are simplified sufficiently to 
allow Eq. 2 to be solved; it now can be put in the form: 


dr(t)/dt = - K r ( t )  - s(t) (Eq. 3) 


where s ( t )  = y$(t)[r(t)]’/3 ,- constant.$(t). When the 
dissolving medium has constant volume, then [as may be 
implied from the work of Notari and Sokoloski (2) ]  the 
volume V of hydrochloric acid consumed at time t can be 
expressed by: 


V,  - V = V_e--or 0%. 4) 


where infinity denotes final state and where o is a func- 
tion of the original surface area. Therefore, with the 
assumption made: 


S(t) = V,we-wl = cze-01 (Eq. 5 )  


and Eq. 3 now takes the form : 


dr(t)/dr + xdt) -I- cze-w‘ = 0 (Eq. 6 )  


The solution to Eq. 6 is obtained uiu the integration 
factor e(‘L‘+y) and is: 


where C would depend on initial conditions (e.g., on T) .  


The point to be stressed is that the surface area is 
related to [r(t)]’/* and that s in Eq. 1 is a function of this 
(and of pH); therefore, surface urea must be a part of 
the resulting equations. 


( 1 )  J .  Myhill and D. W. Piper, Gut, 5, 581(1964). 
(2) R.  E. Notari and T. D. Sokoloski, J .  Pharm. Sci., 54, 1500 


(1965). 
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Effect of Microsomal Activation on 
Interaction between 
Isophosphamide and DNA 


Keyphrases 0 Isophosphamide interaction with DNA-ffect of 
microsomal activation 0 D N A  interaction with isophosphamide- 
effect of microsomal activation 3 Microsomal activation-ffect 
o n  isophosphamide interaction with D N A  


Sir: 


We previously showed that the activation to alkylat- 
ing materials of isophosphamide [3-(2-chloroethyl)- 
2-(2-~hloroethyl)aminotetrahydro- 1,3,2 - oxazaphospho- 
rine-2-oxide, I] l, an antineoplastic analog of cyclo- 
phosphamide, is mediated through the NADPH-de- 
pendent liver microsomal oxidase system (1) and is 
increased by pretreatment of animals with phenobarbital 
(2). We have now investigated the effect of this activa- 
tion on DNA synthesis and on the reaction between I 
and DNA in uitro in order to clarify the effect of this 
activation on antitumor activity. 


1 NSC-109724; Ifosfamide, Mead Johnson. 
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Table I-Effect of Microsomal Activation of Isophosphamide on 
Thymidine Incorporation into DNAa 


Table 11-Effect of Microsomal Activation of Isophosphamide-14C 
on Alkylation of Calf Thymus DNA Iir Vitro" 


d.p.m. X lO-*/mcg. 
Microsomes Isophosphamide DNA 


+ 
+ - 


- + + 
173 Z!Z 6 
155 It 20 
82 f 10 


., Microsomal suspension ( I  ml. = 500 mg. liver) was incubated as 
described under methods with and withoLt isophosphamide (5.6 mM) 
with an incubation mixture consisting of MgClz (100 mM), 80 p l . ;  
Na2HP04-KHzP04 buffer (0.4 M .  pH 7.4). 75 p l . ;  glucose-6-phosphate 
(200 mM). 85 p l . ;  N A D P  (20 m M ,  pH 7.0). 38 p l . ;  and glucose-6-phos- 
phate dehydrogenase, 20 p l .  (2 enzyme units). 


After addition of 1 ml. of a rat liver microsomal frac- 
tion ( = 500 mg. wet weight of liver), L- 12 10 cells (2.7 X 
lo6 cells/3 ml. of Fischer's medium for leukemic cells of 
mice), cultured by conventional techniques in spinner 
flasks (3), were incubated for 1 hr. by shaking in air at  
37". The added microsomal fraction, prepared as 
previously described (4), also contained an NADPH- 
regenerating system ( 5 )  and I ( 5 . 6  mM, final concentra- 
tion). This incubate totaled 4 ml. Thymidine-(methyl- 
3H) (3 pc., 1 c./mmole)2 was then added and incubation 
continued for a further 2 hr. The reaction was ter- 
minated by the addition of ice-cold trichloroacetic acid 
(20%, 4 ml.), and DNA was isolated (6 )  and estimated 
colorimetrically (7) and by liquid scintillation counting. 
The results (Table I) indicate that microsomal activation 
of I leads to inhibition of the incorporation of thymidine 
into DNA. 


To determine the consequences of this inhibition of 
DNA synthesis on the DNA molecule, we treated calf 
thymus DNA with 1 alone and with I after microsomal 
activation. The microsomal system was retained within 
a dialysis.sac, and calf thymus DNA was dissolved in 
the dialysis buffer. The DNA was isolated according to  
Hirt (6), and 0.4 ml. of an extensively dialyzed solution 
was layered on an alkaline 5-20x sucrose gradient (8) 


0.500 


0.4001 0.300 n - WITH MICROSOMAL 
ACTIVATION OF I - WlTHOUTMICROSOMAL 
ACTIVATION OF I 


P < 
0.200 


0.100 


2 4 6 8 10 12 14  16 18 20 
BOTTOM 


FRACTION 
TOP 


Figure 1-Effect of microsomal actioatioii of I 011 calf thymus DNA,  
sliowiirg sucrose zone sedimeirtaticjii of calfrliymus D N A  as described 
iir the text. The results of a representatice experiment are shown; the 
pattern was ideiitical in repeat experiments. 


Moles Iso- 
phosphamide/ 


Pretreatment d.p.rn./mg. DNA Mole DNAb 


Saline 620 2 .9  
Phenobarbital 1074 5 . 1  
Incubation without 1 70 - 


microsomes 


.Isolation and incubation of microsomes as described in Table I .  
*Molecular weight of calf thymus D N A  is assumed to be one-half 
million. 


and centrifuged for 10 hr., at  35,000 r.p.m., in a cen- 
trifuge3. Four-drop fractions were collected, and each 
was diluted with water (1 ml.). The ,4260 was deter- 
mined on each diluted fraction. Representative fractions 
under each peak were scanned from 220 to 320 nm., and 
all indicated nucleic acid without contamination of 
protein. The results (Fig. 1) show that the liver micro- 
somal metabolites of I cause the production of low 
molecular weight DNA. 


To  determine if this inhibition and chain scission are 
associated with the binding of metabolites of I to  
DNA, the microsomal fraction was prepared from the 
livers of rats which had received phenobarbital intra- 
peritoneally ( 5 5  mg./kg. body weight daily X 3) and 
from rats which had received only saline pretreatment. 
Is~phosphamide-l~C (1 1.5 pmoles) (0.19 pc./pmole) and 
calf thymus DNA (3 mg.) were incubated with a micro- 
somal fraction ( ~ 2 5 0  mg. wet liver weight) and an 
NADPH regenerating system, as described previously, 
in a final volume of 3 ml. for 40 min. at  37". Ice-cold 
ethanol was used to terminate the reaction, and DNA 
was extracted by the method of Hirt (6) .  After extensive 
dialysis, the Hirt supernate was without radioactivity. 
The Hirt pellet, suspended in 10 ml. of 1 M NaCl, was 
dialyzed for 3 days at  room temperature against 2 X 12 
1. of standard saline citrate buffer. The dialyzed Hirt 
pellet was clarified by centrifugation at 10,OOO r.p.m. 
for 15 min., diluted with water (10 ml.), and lyophilized. 
The precipitates were dissolved in 10 m M  NaOH, and 
aliquots were assayed for radioactivity. It was found 
(Table 11) that microsomal activation promotes the 
incorporation of radioactivity into DNA, and this 
incorporation is increased when the animals are pre- 
treated with phenobarbital, in line with the enhance- 
ment of microsomal metabolism of I previously shown 
with phenobarbital pretreatment (2). 


Isophosphamide resembles cyclophosphamide in 
having essentially no cytotoxic activity in uitro but in 
being an effective antitumor agcnt in viuo (9). The 
present findings that its liver microsomal activation 
leads to products that inhibit incorporation of thymidine 
into L-1210 cell DNA and that causes alkylation and 
fragmentation of calf thymus DNA are therefore of 
considerable interest in relation to the antitumor 
activity of I in vivo but not in vifro. 


(1) L. M. Allen and P. J. Creaven, Plrorni. Abstr., 2, 115(1972). 
(2) L. M. Allen and P. J.  Crcaven, Proc. Iu/. Congr. Pliarrnacol., 


5th, in press. 


Schwarz/Mann, Orangeburg. N. Y. 
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2 Beckinan model L, using a SW50.1 rotor. 







(3) G. J. Dixon, E. A. Dulmadge, and F. M. Schabel, Jr., 


(4) P. J.  Creaven, D. V. Parke, and R. T. Williams, Biochem. J . ,  


( 5 )  N. E. Sladek, Cancer Res., 31, 901(1971). 
(6) B. Hirt, J.  Mol. Biol., 26, 365(1967). 
(7)  R. W. Hubbard, W. T. Matthew, and D. A. Dubowik, Anal. 


(8) R. P. Perry and D. E. Kelley, J.  Cell Physiol., 72, 233 1968). 
(9) N. Brock, in “Proceedings 5th International Congress on 


Chemotherapy,” vol. 2, K. H. Spitzy and H. Haschek, Eds., Verlag 


Cancer Chemother. Rep., 50, 247(1966). 


96, 390(1965). 


Biochem., 38, 190(1970). 


Der Wiener Medizinischen Akademie, Vienna, Austria, 1967, p 
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Organic Reactions in Steroid Chemistry, Volumes I and 11. Edited by 
JOHN FRIED and JOHN A. EDWARDS. Van Nostrand Reinhold Co., 
450 W. 33rd St., New York, NY 10001, 1972. 15 X 23 cm. Price: 
Vol. I (xv + 510 pp.) $26.00; Vol. I1 (xii + 466 pp.) $24.00; for 
the 2-volume set $45.00. 
This work consists of up-to-date critical reviews of the mechanism 


and scope of a number of types of transformations which have 
proven to be particularly useful in steroid chemistry. Most authors 
are experts in the areas which they discuss and, in consequence, they 
are able to offer many practical suggestions. Selected experimental 
procedures are given for all recommended reactions. While other 
authorities might occasionally question the procedures recom- 
mended by a given author, those presented are typically procedures 
which have proven to be particularly reliable. 


Volume I begins with a discussion by Dryden of metal-ammonia 
reductions and reductive alkylations. The excellence of this chapter 
is marred only by the lack of any mention of related reactions in 
higher amines or in trimesitylborane. Following authoritative re- 
views of ketone reductions by hydride reagents, diborane, and irid- 
ium complexes by Wheeler and Wheeler and of hydrogenation by 
Augustine, TGke‘s and Throop present a definitive account of tech- 
niques which have been used for selectively deuterating steroids. 
Rasmusson and Arth then give a particularly lucid account of selec- 
tive oxidation of hydroxyl groups in polyfunctional steroids. A long 
(109 pages), but selective, chapter by Beard provides a good overview 
of methods for introducing double bonds. This chapter includes a 
discussion of the preparation of haloketones which is generally 
quite useful but which does slight several methods and which fails to 
make clear that 21-halo-20-ketones readily rearrange to 17a-halo- 
20-ketones. Both of these deficiencies are rectified in a chapter by 
Oliveto in Volume I1 (but without cross-referencing or adequate 
indexing). A chapter by Gardi and Ercoli gives a thorough coverage 
of a number of methods for selectively protecting carbonyl and 
hydroxyl groups but fails to even mention the use of tert-butyl 
ethers and silyl ethers for the protection of hydroxyl groups or of the 
tetramethyl bismethylenedioxy group for the protection of the di- 
hydroxyacetone side chain. The first volume concludes with an ex- 
cellent review by Josef Fried and N. A. Abraham of methods for 
introducing fluorine into steroids. 


Volume I 1  begins with a chapter by Matthews and Hassner on the 
synthesis of oxiranes, aziridines, and episulfides. This is followed by 
a review by Laurent and Wiechert of methods for selectively intro- 
ducing alkyl and methylene units into steroids. The Wittig reaction 
is considered in the following chapter, by Oliveto, which focuses on 
methods for interconverting androstanes and pregnanes and on 
procedures for oxygenating the side chain of pregnanes. Heusler and 
Kalvoda contributed a chapter on functionalization of angular 


methyl groups and on the conversion of C-19 functionalized steroids 
to 19-norsteroids. The photochemistry of c hromophores containing 
the carbonyl group is reviewed by Schaffiier. Ring expansion and 
simultaneous ring contraction-ring expansion reactions are reviewed 
by Boswell, and ring contraction reactions are covered by Scribner. 
Although the material presented by Oliveto, Boswell, and Scribner 
is excellent, it is to be regretted that none of them included a discus- 
sion of the sequences which have been developed for converting 
D-homosteroids to 20-ketopregnanes. 


The utility of these books, particularly for the nonsteroid chemist, 
could have been improved by a more thorough indexing. Despite 
this lack, all steroid chemists and any others who may be concerned 
with analogous reactions (provided that they are put off neither by 
the title nor by the cost) will want these volumes at their desks. 


Reviewed by Alan J. Solo 
Department of Medicinal Chemistry 
School ojPhurmacy 
State University of New York at Buffalo 
Buffalo, N Y  14214 


Civilization & Science in Conflict or Collaboration? A Ciba Founda- 
tion Symposium. American Elsevier, 52 Vanderbilt Ave., New 
York, NY 10017,1972.227pp. 16 X 24crn. 
The symposium was held in late June 1971, and was attended by 


scientists, politicians, economists, and historians from several na- 
tions. They attempted to review the origins of today’s conflict and 
reexamine the traditional lack of value orientation in science. The 
antiscience movement is considered along with such problems as 
scientific involvement in politics and the effects of social conflicts 
and recent cutbacks in funds on the creative work of scientists. 


Stuff Review 


Analytical Emission Spectroscopy, Vol. I, Part 11. Edited by E. L. 
GROVE. Marcel Dekker, Inc., 95 Madisox1 Ave., New York, NY 
10016,1972. ix f 570pp. 15 X 23 cm. PriceS35.75. 
This book contains four sections on excitation of spectra, flame 


spectrometry, qualitative and semiquantitative analysis, and quan- 
titative analysis. Each chapter covers a parlicular area and coordi- 
nates the earlier basic developments with the more recent work in 
the field. 


Sraff Review 
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Mechanisms of Homogeneous Catalysis from Protons to Proteins. By 
MYRON L. BENDER. Wiley-Interscience, 605 Third Ave., New 
York, NI‘ 10016, 1971. x + 686pp. 15.5 X 23cm. Price$24.95. 
It is probably best to point out at  once that this reviewer worked 


in Prof. Bender’s laboratory during the period 1959-1961. Such an 
association inevitably affects an evaluation of the present kind, pro- 
viding the advantage of insight into the abthor’s manner of attack- 
ing problems, and the disadvantage of unanalyzable subjectivity. 
The net effect is probably to make the reviewer’s task more difficult. 


This book discusses catalysis in solution at  an advanced level. The 
title, though otherwise ill-chosen, is accurate. The treatment pro- 
vides little introduction, and the reader should already possess a 
considerable background in organic reaction mechanisms and ex- 
perimental solution kinetics. With this stipulation, the book is a 
valuable contribution to the study of catalytic mechanisms by one of 
the important workers in the field. 


Following an introductoiy chapter of little distinction, the book 
consists of 18 chapters divided among four main parts: Acid-Base 
Catalysis; Organic and Inorganic Catalysis; Bridging Nonenzymic 
and Enzymic Catalysis; and Enzymic Catalysis. The author’s pri- 
mary message is that enzymic catalysis requires no magical or vitalis- 
tic explanations, though it is obviously very complicated, and that 
the essential features of enzymic catalysis can be found in simpler 
systems. There is a continuum of catalytic complexity, with the 
proton at one end and enzymes at  the other. The author is very suc- 
cessful in making the connections between model systems and the 
enzymes. Such analogy-drawing is responsible for considerable 
repetition of material throughout the book. 


One of the book’s good features is its inclusion of catalytic mech- 
anisms lying well outside the author’s own field of carboxylic acid 
derivative chemistry. Superacids, organometallic catalysts, and 
aromatic hydroxylations are among these. Also useful is the authori- 
tative discussion of enzyme determination by stoichiometric titra- 
tion. The writing is uneven, being rather choppy in places. On 
balance, the book’s role seems to be not as a text, but as a source- 
book for researchers in bioorganic mechanisms. For such readers it 
will be a superior reference work and stimulus. 


Reviewed by Kenneth A. Connors 
School of Pliarmacy 
University of Wisconsin 
Madison, WI 53706 rn 


Cellular Pharmacology-The Effects of Drugs on Living Vertebrate 
Cells in uitro. By MARY DAWSON. Charles C Thomas, Spring- 
field, IL 62703, 1972. xvi + 317 pp. 16 X 24 cm. Price $18.00. 
This is one of a series of American Lectures in Living Chemistry 


intended to advance chemistry in the cause of clinical practice. 
The book consists of seven chapters. The first two deal with the 
role of tissue culture in pharmacology and the second enumerates 
the available methods in assessing the effects of drugs. The re- 
maining chapters are devoted to anticancer and antimicrobial 
substances, steroids, and anti-inflammatory drugs; substances used 
in drug formulations and miscellaneous drugs. The appendix deals 
with commonly used cells in culture studies. An author index for 
all the references is provided. 


This book would not be highly useful for the average pharma- 
cologist. Although a case is made for the adjunctive use of tissue 
culture in evaluating the value and hazard of clinically useful drugs 
and agents, t o  this reviewer, at  this point in time, no significant re- 
duction of in oioo evaluation would be obtained by such procedures. 
The book is useful, however, in pointing out the array of literature 
available in the various drug categories where tissue culture has 


been employed. The “state of the art” may be significantly ad- 
vanced by this compilation since it will bring to  investigators recent 
articles in the field. As the author states in the first chapter, in- 
vestigators must be fully aware of the limitations of the cell culture 
method. This is not to say that important information cannot be 
garnered by such studies. 


I would recommend this book for the pharmacy library, pri- 
marily for advanced students. It would have little utility at the under- 
graduate level. 


Reviewed by Tom S. Miya 
School of Pharmacy 
Purdue University 
Lafayette, IN 47907 


NOTICES 


Pharmacology for Medical Students, 2nd ed. By J. D. P. GRAHAM. 
Oxford University Press, 200 Madison Ave., New York, NY 
10016, 1971. 160 pp. 21.5 X 27.5 cm. Price $12.95 cloth, $7.50 
paper. 


Antianginal Drugs. By R. CHARLIER. Springer-Verlag, New York, 
NY 10022,1972. ix + 442 pp. 16 X 24.5 cm. Price $48.60. 


American Drug Index 1972. By CHARLES 0. WILSON and TONY E. 
JONES. Lippincott, E. Washington Sq., Philadelphia. PA 19105, 
1972.699 pp. 13.3 X 20.5 cm. Price $9.50. 


Personality and Science. (A Ciba Foundation Blueprint). Edited by 
I. T. RAMSEY and RUTH PORTER. Churchill Livingstone, Lon- 
don, England, 1971. ix + 158 pp. 13.5 X 21.7cm. 


Neurohypophysial Hormones. (Ciba Foundation Study Group No. 
39). Edited by G. E. W. WOLSTENHOLME and JOAN BIRCH. Churchill 
Livingstone, London, England, 1971. ix + 146 pp. 12.4 X 18.5 
cm. 


Lactogenic Hormones. (A Ciba Foundation Symposium). Edited by 
G. E. W. WOLSTENHOLME and JULIE KNIGHT. Churchill Living- 
stone, 104 Gloucester Place, London WlH4AE, England, 1972. 
xi + 416pp. 15 X 23.2 cm. Price $5. 


Actualites Pltarmacologiques. Edited by RENE HAZARD. Masson 
Et Cie, Editeurs, 120, Bod. Saint-Germain, Paris VIe, France, 
1971. 242 pp. 16 X 24 cm. Price 100 fr. (French) 


Chelates in Analytical Chemistry, Volume 3. Edited by H. A. 
FLASCHKA and A. J. BARNARD, JR. Marcel Dekker, Inc., 95 Madi- 
son Ave., New York, NY 10016, 1972. xi + 321 pp. 15 X 27 cm. 
Price $19.75. 


Cltelates iti Analytical Chemistry, Volume 4 .  Edited by H. A. 
FLASCHKA and A. J. BARNARD, JR. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10016, 1972. xi + 316 pp. 15 X 
23 cm. Price $23.50. 


NEW JOURNALS 


Kidney International. Edited by ROSCOE R.  ROBINSON. Official 
Journal of the International Society of Nephrology, Springer- 
Verlag, 850 3rd Ave., New York, NY 10022, January 1972. 21 X 
28 cm. Price $14.50 subscription, 12 issues. 


X-Ray Spectrometry. Edited by RON JENKINS. Heyden & Son Ltd., 
Spectrum House, Alderton Crescent, London, England NW4, 
January 1972. 21 X 30cm. Price$25.00 subscription, four issues. 
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Synthesis of (Heterocyc1icamino)aminoalkylnaphthols and 
Reduced Tetrahydro Derivatives for Possible Antimalarial Activity 


I. NABIH', M. NASR, and M. A. BADAWI 


Abstract 0 New structures of (heterocyclicamino)aminoalkylnaph- 
thols and reduced derivatives were synthesized in a rational attempt 
to introduce new compounds that may have antimalarial activity. 


Keyphrases 0 (Heterocyclicarnino)aminoalkylnaphthols and re- 
duced tetrahydro derivatives-synthesis as possible antimalarial 
agents 0 Aminoalkylnaphthols (heterocyc1icamino)-synthesis as 
possible antimalarial agents I] Antimalarial agents, potential- 
synthesis of (heterocyclicamino)aminoalkylnaphthols and reduced 
tetrahydro derivatives 


Drugs of the aminoquinoline type have long been 
known for their sporontocidal and gametocidal action 
against all plasmodia of human malaria. The value of 
4-aminoquinoline compounds rests on their activity 
against the asexual erythrocytic parasites of all species. 
Of this class of drugs, the most valuable are chloroquine 
( I )  and amodiaquine (2); both are active for the treat- 
ment of acute malaria and for suppression of infection. 
However, they fail to act on the exoerythrocytic stages 
of malaria parasites and, therefore, do not prevent re- 
lapses of infection. Also, they have no sporontocidal 
action and, in particular, do  not affect the gametocytes 
of the falciparum strain. 


DISCUSSION 


Another group of compounds which might be interpreted as 
antagonists of the K vitamins and have considerable antimalarial 
activity consists of 2-alkyl-3-hydroxy-l,4-naphthoquinone deriva- 
tives; they appear to act by inhibiting the respiration of plasmodia 
(3) .  Generally, naphthoquinone antimalarials are strong inhibitors 
of respiratory systems. There exists a close parallel relationship be- 
tween antimalarial and antirespiratory activity for several quinones. 
Studies (4) revealed that a naphthoquinone must have a hydro- 
philic-lipophilic balance for maximal antimalarial activity. Hy- 
droxylation of the side chain in these systems produced a hydro- 
philic shift; therefore, increasing the size of the hydrocarbon part 
of the chain would compensate for the loss in activity due to  it. 


Thus, the development of new agents that would structurally in- 
clude systems of the naphthoquinone type, beside the nitrogen 
heterocyclic ones, might be useful for their possible application as 
antimalarials. The resistance of parasites to nitrogen heterocyclic 
compounds should not imply resistance to  compounds of the 
quinonoid type, because both are probably acting through dif- 
ferent mechanisms. Such agents that contain the structural features 
of both 4-aminoquinoline and hydroxynaphthalene derivatives 
might be expected to exhibit the antimalarial properties of both 
types. 


These considerations suggested the synthesis of compounds in- 
cluding naphtholic Mannich bases or their tetrahydro forms, as 
side chains, attached to nitrogen heterocyclics of 4-aminoquinoline 
and 9-aminoacridine systems. 


Both 4-amino-I-naphthol ( 5 )  and its reduced tetrahydro form 
(4-amino-l-hydroxy-5,6,7,8-tetrahydronaphthalene) (6)  could un- 
dergo chemical oxidation to give the corresponding quinonoid 
forms. 


Reaction of 4-nitro-I-naphthol (7) with formaldehyde and di- 
ethylamine or piperidine gave 2-diethylaminomethyl-4-nitro-l- 
naphthol (le) and 2-piperidylmethyl-4-nitro-1-naphthol (If). 


Catalytic reduction of Ie and If gave the corresponding amines. 
Upon condensation of the amines with 4,7-dichloroquinoline, the 
products were Ia and Ib, respectively; with 6,9-dichloro-2-methoxy- 
acridine, Ic and Id were obtained. 


Treatment of 4-acetamino-5,6,7,8-tetrahydro-l-naphthol (IIg) 
(8) with paraformaldehyde and diethylamine or piperidine gave 4- 
acetamino-2- diethylaminomethyl - 5,6,7,8 - tetrahydro - 1 - naphthol 
(IIe) and 4-acetamino-2-piperidylmethyl-5,6,7,8-tetrahydro-l-naph- 
tho1 (1I.f) in fairly good yields. Hydrolysis of IIe and I1.f and then 
condensation of the free amiiies with 4,7-dichloroquinoline gave 
IIa and IIb; with 6,9-dichloro-2-methoxyacridine, the products were 
IIc and IId, respectively. 


EXPERIMENTALL 


2-Diethylaminomethyl-4-nitro-1-naphthol (1e)-A mixture of 5.7 
g. (0.03 mole) of 4-nitro-1-naphthol and 3 ml. (0.03 mole) of di- 
ethylamine in 20 ml. absolute ethanol was thoroughly shaken under 
cooling. To this mixture was added 2.4 ml. (0.03 mole) of formal- 
dehyde solution (37%) with shaking for another few minutes. 
The formed yellow precipitate was filtered off and recrystallized 
from absolute ethanol (using charcoal) t o  give 6.6 g. (81 % yield) 
of Ie as orange crystals, m.p. 157-158". 


Anaf.-Calc. for ClaH18Nz03: C, 65.67; H, 6.62; N, 10.22. 
Found: C, 65.46; H ,  6.14; N, 10.19. 


Catalytic Reduction of Ie-A suspension of 2.7 g. (0.01 mole) 
of Ie in 100 ml. of ethanol was shaken with 0.1 g. of 5 %  palladized 
charcoal a t  room temperature. Hydrogen was added at  3 atm. until 
the absorption of hydrogen ceased. The catalyst was removed and 
washed with 10 ml. of absolute ethanol, and the combined solvent 
was distilled. The residual amine was obtained as a brown mass, 
which could not be recrystallized in trials with different solvents. 


The salts, hydrochloride and oxalate, were hygroscopic. This 
intermediate amine could be successfully condensed with the 
desired chloroheterocycles. 


OH OH 


Y Y 


I I1 
Ia: Y = 7-chIoro-4-quinolylamin0, R = N(CZH,), 
16: Y = 7-chloro-4-quinolylamino, R = piperidyl 
Ic: Y = 6-chloro-2-methoxy-9-acridylam1no, R = N(C2H5)2 
Id: Y = 6-chloro-2-methoxy-9-acridylamino, R = piperidyl 
Ie: Y = NO?, R = N(CZH& 
If: Y = NO,, R = piperidyl 
Ig: Y = NH2, R = piperidyl 


IIa: Y = 7-chloro-4-quinolylamin0, R = N(CzH& 
116; Y = 7-chloro-4-quinolylamin0, R = piperidyl 
IIc: Y = 6-chloro-2-methoxy-9-acridylamino, R = N(C2Hs)2 
IId: Y = 6-chloro-2-methoxy-9-acridylamino, R = piperidyl 
He: Y = NHCOCH,,R = N(C+& 
IIf: Y = NHCOCH,, R = piperidyl 


IIi: Y = NH2, R = piperidyl 


1 1 ~ :  Y = NHCOCH,, R = H 
IIh: Y = NHz, R = N,(C2H5)2 


1 All melting points were determined by the use of a Gallenkamp 
electric melting-point apparatus and are uncorrected. Microanalyses 
were performed by the microanalytical laboratory, National Research 
Center, Cairo, U.A.R., and Spang Microanalytical Laboratory, Ann 
Arbor, Mich. 
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4-(7-chloro- 4 - quinolylamino) - 2 - diethylaminomethyl-1-naphthol 
(Iu)-A mixture of 6.4 g. (0.025 mole) of the free amine obtained 
through the reduction of Ie, 4.95 g. (0.025 mole) of 4,7-dichloro- 
quinoline in 300 ml. absolute ethanol, and 6 ml. concentrated HCl 
was refluxed for 6 hr. on a steam bath. The mixture was cooled and 
neutralized with sodium carbonate solution (10%). The formed 
Iirown precipitate was filtered, washed with water, and dried to 
give 7.2 g. (72% yield) of Ig. This was analyzed in the form of its 
crystallizable picrate (from acetone), m.p. 234-236". 


Anal.-Calc. for CaoHz,CIN6O8: C, 56.72; H, 4.25; N, 13.24. 
Found: C, 56.53; H, 4.32; N, 13.56. 


4-(6-Chloro-2-methoxy- 9 - acridylamino) - 2 - diethylaminomethyl- 
I-naphthol ( I c t A  mixture of 4.8 g. (0.08 mole) of the free amine 
obtained through the reduction of Ie, 4.2 g. (0.08 mole) of 6,9- 
dichloro-2-methoxyacridine in 400 ml. absolute ethanol, and a few 
drops of concentrated HCl was refluxed for 10 hr. over a steam 
hath. The ethyl alcohol was removed by distillation, and the 
I-tsidual hydrochloride of Ic was washed with ether. This was treated 
itith charcoal and recrystallized from glacial acetic acid, giving 6.4 
g (76% yield) of Ic as yellow crystals, m.p. >300". 


Arial.-Calc. for C z ~ H ~ 8 C l N 3 0 ~ ~ H C l ~ H z O :  C, 64.50; H, 5.79; 
C'I,13.13;N,7.78.Found:C,64.81; H,5.55;C1,13.20;N,7.48. 


2-Piperidinomethyl-4ritro-1-naphthol (If)-A mixture of 5.7 g. 
f 0.03 mole) of 4-nitro-I-naphthol and 3 ml. (0.03 mole) of piperidine 
in 20 ml. absolute ethanol was thoroughly shaken under cooling for 
;t few minutes. To this mixture was added 2.4 ml. (0.03 mole) of 
formaldehyde solution (37 %) with good shaking. The formed 
yellow precipitate was filtered off and then recrystallized from 
cihanol after treatment with charcoal, giving 5.9 g. (69 % yield) 
o f  lf'as orange crystals, m.p. 189-190'. 


Ad-Calc. for CI6HlsN2O3: C, 67.19; H,  6.35; N, 9.79. Found: 
C'. 67.28; H, 6.50; N, 9.71. 
2-Piperidinomethyl-4amino-1-naphthol (1g)-A mixture of 3.8 g. 


10.01 mole) of Ifin 100 ml. of absolute ethanol was shaken with 0.1 
g. of 57, palladized charcoal at ordinary temperature and 3 atm. 
pressure until the absorption of hydrogen ceased. The catalyst was 
removed and then washed with 10 ml. absolute alcohol. Dry 
hydrogen chloride gas was immediately passed into the combined 
alcoholic solution. The formed white precipitate was filtered off, 
washed with ether, and recrystallized from ethanol, giving 3 g. 
(78:4 yield) of Ig as dihydrochloride monohydrate, m.p. 246" 
dec. 


Ad-Calc. for C16H20N20.2HC1.H20: C, 55.38; H, 6.98; 
N ,  8.07. Found: C, 55.46; H, 6.82; N, 8.10. 
4-(7-Chloro4quinolylamino)-2-piperidinomethyl-l-naphthol(Ib)- 


A mixture of 0.4 g. (0.025 mole) of Ig, 4.9 g. (0.025 mole) of 4,7- 
dichloroquinoline in 200 ml. ethanol, and a few drops of concen- 
trated HCI was refluxed for 6 hr. on a steam bath. The solvent was 
removed by distillation. The dried residue was treated with ether 
and filtered. The hydrochloride product of Ib was then treated with 
charcoal and recrystallized from a methanol-benzene mixture, 
giving 4.2 g. (407; yield) of 16, m.p. 270" dec. 


Amd-Calc. for ~ a H z 4 C l N a O ~ H C l ~ H 2 0 :  CI, 15.05; N, 8.92. 
tound: C1, 15.14; N, 8.88. 


4-(6-Chloro-2sethoxy - 9 - acridylamino) - 2 - piperidinomethyl - 1- 
naphthol ( I d t A  mixture of 2.6 g. (0.01 mole) of Ig and 2.8 g. (0.01 
inole) of 6,9-dichloro-2-methoxyacridine was treated in the same 
way as described for the preparation of Ic. The hydrochloride salt 
of Id was collected and washed with ether. It weighed 2.2 g. (41 z 
ield) and was recrystallized from ethanol after treatment with 


charcoal, m.p. > 360". 
Anal.-Calc. for C30Hz8ClN,0z~HCl~HzO: C, 65.28; H, 5.67; 


CI,12.85.Found:C,65.34;H,5.55;C1,12.65. 
2-Diethylaminomethyl-4acetamino-5,6,7,8-tetrahydro-l- naphthol 


(IIe)-A mixture of 4.7 g. (0.025 mole) of IIg, 2 g. (0.027 mole) of 
hethylamine, and 0.8 g. (0.008 mole) of paraformaldehyde in 100 
ml. absolute ethanol was refluxed on a steam bath for 10 hr. The 
reaction mixture was filtered from the insoluble materials, con- 
centrated, and allowed to cool. Upon dilution with water, a white 
precipitate formed. This was collected and recrystallized from 
;tqueous ethanol to give 5.5 g. ( 7 2 z  yield) of IIe, m.p. 156-157'. 


Ad.-Calc. for C17H26N202: C, 70.80; H, 8.96; N, 10.21. Found: 
C, 71.05; H, 9.13; N, 10.21. 


2-Diethylaminomethyl-4 - amino - 5,6,7,8 - tetrahydro - 1 - naphthol 
(IIh)-A solution of 5.5 g. (0.02 mole) of IIe and 25 ml. of con- 
centrated HCl in 100 ml. absolute ethanol was refluxed on a steam 
hath for 10 hr. The solvent was distilled under suction, and the 


viscous residue was basified with ammonium hydroxide and ex- 
tracted with ether. The ethereal layer was washed with water, dried 
over anhydrous magnesium sulfate, and then distilled. Trials to re- 
crystallize the residual free amine, IIh, were unsuccessful; its hy- 
drochloride and oxalate salts were hygroscopic. The amino com- 
pound was used without further treatment in the fcllowing steps. 
4-(7-Chloro-4-quinolylamino)-2 - diethylaminomethyl - 5,6,7,8 - tet- 


rahydro-1-naphthol ( I I a j A  mixture of 2.9 g. (0.01 mole) of IIh, 2 
g. (0.01 mole) of 4,7-dichloroquinoline, and a few drops of concen- 
trated HCl in 25 ml. absolute ethanol was refluxed for 10 hr. The 
reaction mixture was cooled; its volume was doubled with water and 
then poured portionwise over a cold solution of aqueous ammonia 
under strong stirring. The formed buff precipitate was filtered, 
washed with water, and dried to give 4.5 g. (90% yield) of IIG upon 
recrystallization from cyclohexane, m.p. 214-215". 


Anal.-Calc. for C2rH28ClN;O: C, 70.32; H, 6.83; CI, 8.66; 
N, 10.27. Found: C, 70.24; H, 7.15; C1, 8.25; N, 10.06. 


4-(6-Chloro-2-methoxy- 9 - acridylamino) - 2 - diethylaminomethyl- 
5,6,7,8-tetrahydro-l-naphthol ( I I c t A  mixture of 4.8 g. (0.08 mole) 
of IIe, 4.2 g. (0.08 mole) of 6,9-dichlor0-2-methoxyacridine in 300 
ml. absolute ethanol, and a few drops of concentrated HCl was 
refluxed for 10 hr. Upon cooling, a yellow precipitate formed; this 
was filtered off, washed with alcohol, and recrystallized from 
ethanol, giving 6.4 g. (76% yield) of the hydrochloride of Ilc, m.p. 
> 300". 


Am/.-Calc. for C28H32C1N302~HCl~I&O: C, 64.01 ; H ,  6.49; 
C1,13.03; N, 7.72. Found: C, 64.04; H,  6.32; C1, 13.37; N, 7.55. 


2-Piperidinomethyl-4- acetamino - 5,6,7,8 - tetrahydro - 1 -naphthol 
(113)-The same procedure as described for IIe was applied using 
piperidine. The formed white precipitate was filtered and dried to 
give I1.f ( 6 7 z  yield). It was recrystallized from an ethanol-hexane 
mixture, m.p. 164-166". 


Anal.-Calc. for C18HzoNz0z: C, 71.51; H, 8.69; N, 9.27. Found: 
C, 71.44; H,  8.80; N, 8.80. 


2-Piperidinomethyl-4a~no-5,6,7,S-tetraydro-l-naphthol (IIi)- 
This was obtained through hydrolysis of IIL similar to the procedure 
described for the preparation of IIh. This intermediate amine was 
used without further treatment for condensation reactions in the 
next steps. 


4-(7-Chloro-4-quinolylamino) - 2 - piperidinomethyl - 5,6,7,8 - tetra- 
hydro-1-naphthol ( I I b t A  mixture of 4.9 g. (0.025 mole) of 4,7- 
dichloroquinoline, 6.5 g. (0.025 mole) of IIi in 200 ml. ethanol, and 
a few drops of concentrated HC1 was refluxed for 10 hr. The solvent 
was distilled under suction until dry. The residue was treated with 
n-hexane, filtered, and washed with ether. The white residue ob- 
tained was recrystallized from methanol-ethyl acetate to give 4.4 g. 
of the hydrochloride of IIb (42% yield), m.p. 233' dec. 


Aml.-Calc. for C z ~ H ~ 8 C l N a O ~ H C l ~ H ~ 0 :  C1, 14.91 ; N, 8.83. 
Found: C1, 14.62; N, 8.88. 


4-(6-Chloro3-methoxy-9-acridylamino)-2 - piperidinomethyl - 5,6,- 
7,s-tetrahydro-1-naphthol (1Id)-A mixture of 1.3 g. (0.005 mole) 
of IIi, 1.4 g. (0.005 mole) of 6,9-dichloro-2-methoxyacridine in 20 
ml. absolute ethanol, and a few drops of concentrated HCl was 
refluxed for 10 hr. Upon cooling, the formed yellow precipitate 
was filtered off, washed with alcohol, and recrystallized from 
ethanol to give 1.2 g. of the hydrochloride of IId (47% yield), m.p. 
> 300" dec. 


AiiaL-Calc. for C30H3?ClNa02~HC1~H~O: C, 64.81 ; H, 6.35; 
C1, 12.75; N, 7.56. Found: C, 64.81; H,  6.55; C1, 12.75; N, 7.48. 
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Determination of Nifurpipone in Urine 


F. FONTANI., E. MASSARANI, D. NARDI, and A. TAJANA 


Abstract Nifurpipone (5-nitrofuraldehyde-N'-methylpiperazino- 
acetylhydrazone) in urine was selectively adsorbed and eluted from 
cationic resin with methanolic ammonium hydroxide solution. The 
drug in the eluate was determined colorimetrically or spectrophoto- 
metrically. 


Keyphrases 0 Nifurpipone-isolation from urine, analysis 0 
5 - Nitrofuraldehyde - N' - methylpiperazinoacetylhydrazone - iso- 
lation from urine, analysis 0 Ion-exchange chromatography- 
analysis of nifurpipone in urine 


change resin and could be eluted from the resin with 
diluted aqueous methanolic ammonium hydroxide solu- 
tion. The present paper describes a procedure for analy- 
sis of nifurpipone added to  urine and from urine col- 
lected from subjects following a single oral administra- 
tion of 100 mg. of the drug. 


EXPERIMENTAL 


5-Nitrofuraldehyde-iV'-methylpiperazinoacetyl hydra- 
zone (nifurpipone, I), a nitrofuran derivative, was syn- 
thesized and shown to  be a useful antibacterial agent in 
urinary tract infections (1-3). An analytical procedure is 
needed to analyze this drug in the urine for studying the 
urinary excretion of the drug. Conklin and Hollifield 
(4, 5) used nitromethane to extract nitrofurantoin (or 
furazolidone), without extraction of its metabolite(s), 
from urine and alkalized the extract to  produce a visible 
color. Chloroform was shown to be the more effective 
solvent for extraction of nifurpipone, but all attempts to  
obtain satisfactory recoveries from urines containing 
usual clinical amounts of the drug were unsuccessful. 


The colorimetric method proposed by Buzard et al. 
(6 )  for determination of nitrofurans in plasma was based 
on the formation and colorimetric estimation of 5- 
nitro-2-furaldehyde phenylhydrazone. To overcome the 
interference in the assay of nitrofurantoin in urine, 
Bender et al. (7) placed urine samples on an activated 
clay '-diatomaceous earthz mixture to  separate the 
drug from interfering pigments and then applied the 
colorimetric method of Buzard et al. (6).  This technique 
required selected and standardized adsorption material, 
especially the activated clay. Furthermore, during our 
work the columns ran so slowly that they had to  be dis- 
carded frequently. 


It was found that because of the aminic characteristics 
of nifurpipone, it could be adsorbed on a cation-ex- 


o , N Q c H  = ~ N H C O C H , - N ~ N - - C H ,  


I 


Materials-Nifurpipone is a yellow powder which melts with de- 
composition at 167-168". It is very soluble in methanol and chloro- 
form; soluble in ethanol, acetone, and benzene; and insoluble in 
ethyl ether. Its solubility in water is 0.2%. The UV spectrum of ni- 
furpipone in water shows two maximum peaks at 360 and 253 nm. 
The resin selected3 was chromatographic grade. All other chemicals 
and reagents used were analytical or reagent grade. 


Methods-A glass chromatographic column (20 X 1.5 cm.) was 
filled with 2.5 ml. of the resin and washed with 100 ml. of water. 


o.6 I 
0.5 


0.4 
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0.1 t I I I 
250 300 350 400 


WAVELENGTH, nm. 


Figure 1-Spectropllotometric curoes. Key: I ,  pure nifurpipone (I0 
mg.11.); and 2,  nificrpipone from a urine sample. 


1 Filtrol. 
2 Celite. 


3Amberlite G C  50 (H+), type I (10k120 mesh), Rohm and Haas 
c o .  
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rise and fall of the dissolution K values in the vicinity of the apparent 
CMC may be due to a surface tension effect. Further information 
about the micellar molecular weight of the drug-surfactant complex 
would be required to identify fully the mechanism responsible for 
this finding. 


Studies of the dissolution of hydrocortisone using Model I1 equa- 
tions were performed in six separate experiments. In three experi- 
ments, W ,  was equal to 0.1 W,; in the other three, W ,  was equal t o  
0.6 W,. Values of K are shown as a function of time in Fig. 5 .  It is 
evident that in both series of experiments, K decreased significantly 
with time. 


The values of K are average rate constants as f 1  was set to zero in 
Eq. 9. Although there is a good deal of scatter in the results, values 
of K a t  later times, 28 sec., appear to be approaching a limiting value 
of the same order of magnitude as that determined using Model 1. 


Thus, the results obtained using both Models I and I1 show that 
although simple Noyes-Whitney kinetics may be usefully applied in 
dissolution at low levels of saturation, a more elaborate theoretical 
model is needed for systems that are more than about 4 0 z  satu- 
rated. The results of the Model I1 experiments show that the dis- 
solution process under nonsink conditions is not described by the 
equations derived in this report. 
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Acetylcholinesterase Substrates: 
Acetoxymethylpyridines and Benzyl Acetate 


GEORGE M. STEINBERG., NORMAN C. THOMAS, MORTON L. MEDNICK, and 
JOSEPH W. AMSHEY, Jr. 


Abstract [7 2-Acetoxymethylpyridine ( I )  and 2-, 3-, and 4-acetoxy- 
methylpyridinium methiodides (11. 111, and IV, respectively) are 
spectrophotornetrically useful substrates for acetylcholinesterase. 
Compounds 111 and IV are highly water soluble yet equal to phenyl 
acetate in resistance toward aqueous hydrolysis. Compound I and 
benzyl acetate are appreciably more stable. Kinetic constants for 
both enzymatic and nonenzymatic hydrolysis are reported. Com- 
parison of the relative rates of acylation of acetylcholinesterase by 
Compounds I, 111, and IV and phenyl acetate indicates consider- 
able kinetic selectivity. Contrary to general expectations, the un- 
charged compounds, I and phenyl acetate, have the highest turn- 
over rates. 


Keyphrases IJ Acetylcholinesterase substrates-acetoxymethyl- 
pyridines, benzyl acetate 0 Hydrolysis rates, enzymatic, nonen- 
zymatic-acetoxymethylpyridines 0 Michaelis constants-acetoxy- 


methylpyridines Acetoxymethylpyridine, methiodides-as ace- 
tylcholinesterase substrates, hydrolysis rates Benzyl acetate-as 
acetylcholinesterase substrate 


As part of a program to develop spectrophotometri- 
cally useful substrates’ for application in kinetic and 
mechanism studies with acetylcholinesterase (E.C. 
3.1.1.7), results are reported here with four acetoxy- 
methylpyridines (Table I) and benzyl acetate (V). The 
particular aim is to provide substrates having a range in 
kinetic constants, Km(app) and kcat, and in useful wave- 


Earlier papers in this series include References 1 and 2. 
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Table I-Acetoxymethylpyridines 230 
C 


k 290 


$ '; 310 


ABSORBANCE 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 


Figure l-A6sorbance spectra of Compounds I ,  11, and IV in 0.1 M 
6uffer (VI) .  Concentrations: I ,  2.44 X M; 11, 1.20 X I P 4  M; 
and IV ,  1.43 X 16 '  M. 


Ring Position of 
Compound Substituent R 


I 
I1 


111 
IV 


2 
2 
3 
4 


lengths for kinetic measurement. Desirable adjunctive 
properties include high water solubility, stability toward 
nonenzymatic hydrolysis, and large values2 of Ac. 


Augustinsson (3) earlier indicated that the compounds 
listed in Table I were effectively hydrolyzed by acetyl- 
cholinesterase and also butyrylcholinesterase (E.C. 
3.1.1.8). His work was performed by titrimetric and 
manometric methods. In this work, their hydrolysis by 
acetylcholinesterase was examined spectrophotometri- 
cally and their kinetic constants and stability toward non- 
enzymatic hydrolysis were compared with reference 
substrates under identical experimental conditions. 
Compared with phenyl acetate, the most commonly 
used substrate for acetylcholinesterase spectrophoto- 
metric kinetic studies, 3-acetoxymethylpyridinium meth- 
iodide (111) and 4-acetoxymethylpyridinium methiodide 
(IV) offer the advantage of very high water solubility to- 
gether with equal solution stability. 2-Acetoxymethyl- 
pyridine (I) and V are more resistant than phenyl acetate 
toward nonenzymatic hydrolysis. 


EXPERIMENTAL 


Enzyme kinetics were measured a t  pH 6.61, 25", in 0.1 M 2-(N- 
morpho1ino)ethanesulfonic acid3 (VI) buffer (4), using Worthington 
purified eel cholinesterase (ECHP) on a spectrophotometer' fitted 
with thermostated cell compartment. For details, see Steinberg 
rt id, (2). Experimental data were plotted by the method of Line- 
weaver and Burk to establish linearity. The kinetic constants were 
calculated by the Wilkinson ( 5 )  weighted regression method using 
a time-shared IBM 360-75 computer, programmed in BASIC 
language. The 95% confidence intervals (CI)  were calculated from 
the standard error (SE) by multiplying by the appropriate Student's 
to.w2s value (one tailed); degrees of freedom = n - 2 ,  where n = 
number of data points used for the determination. Thus, 95% 
CI = average i SE(to.02avalue). 


Hydrolysis rates (in absence of enzyme) were measured at pH 
10.44, 25", in 0.1 M cyclohexylaminopropanesulfonic acid3 (VII) 
buffer. Substrate (S) concentrations were chosen on the basis of 
convenience; they varied between 0.9 and 6 X lo-' M.  Reactions 
were followed spectrophotometrically for 1-2 half times. A small vol- 
ume of concentrated enzyme was then added to complete hydrolysis 
rapidly in order to obtain absorbance at  the reaction end-point. 
The data, when plotted on semilog paper as Aint - A t  uerws time, 
where A,nr and A t  are absorbance values at  time infinity and t ,  re- 
spectively, gave straight lines. The value of ti/? was taken as the 
time interval over which the ordinate value fell by a factor of 2. 
The observed hydrolysis rate is computed from the relationship 
k o b s  = 0.693/21/, Alternatively, kobs was calculated directly from 
initialslope data, using Eq. 3. 


Ae = tpdts - taubatrate. 
3 VI and VII are commonly referred to as MES and CAPS. The latter 


compound, which was obtained from Calbiochem, has a pKa value of 
10.4. 


4 Cary model 14. 


For the reaction: S .+ products, -d[S]/dt  = d[products]/dt = 
kobs [s]. so: 


However, the spectrophotometer records absorbance as a function 
of time. The differential expression, dA/dt, represents the slope of 
the tangent t o  the recorded hydrolysis rate curve. Initial rate data 
are taken as AA/At, with the estimated slope of the rate curve 
tangent at  zero time5. For the conversion of S - products, Ai,f - 
A.  = AAt,t = [SolAe; he = (AAtot)/[S0], where AO is the value for 
initial absorbance and [So] is the initial concentration of S. For 
partial conversion of S to products, it can be shown that A,,r - 
A t  = [SIAe. [SO] = [ S ]  + [products]: 


d[productsl A[productsI = [-I = 
d t  - At At 


Hence, under initial conditions: 


Second-order reaction rate constants for the reaction of each ester 
with hydroxide ion were calculated using Eq. 4; the contribution, 
if any, of buffer VII t o  the hydrolysis rate was ignored: 


 OH = k,b,/[OH-] (Eq. 4) 


The pKa of Compound 1 is 3.7, Determination was made spectro- 
photometrically at  263 nm. using p = 0.05 acetate buffers, four pH 
values over pH range 3.51-4.74. Actual buffer pH values were deter- 
mined at 25' using a pH meter6. The plot of pH uersus log ([unproto- 
nated]/[protonated]) gave a good straight line; pKa = pH, where log 
([unprotonated]/[protonated]) = 0. 


Synthesis-The tertiary pyridine 2-, 3-, and Ccarbinol acetates 
were prepared by reaction of the corresponding alcohols with acetic 
anhydride, followed by quaternization with methyl iodide. The 
procedure was substantially the same as previously reported by 
Augustinsson (6). Physical data given in parentheses were taken 
from that reference. 


1. Carbinol acetates-b.p.: 2-, 146-147.5"/55 mm. (103-104"/15 
mm.); 3-, 108"/7mm.(118"/12mm.); 4-, 118-119"/11 mm. (126'/20 
mm.). 


2. Quaternary carbinol acetates: m.p.: 2-, dec. >140°; 3-, slow 
dec. >118",melted 137-140" dec.;and4-, 130-132". Elemental anal- 
yses (C, H, I, N, 0) were performed on Compounds I, 11, 111, and 
1V. They conformed satisfactorily to the theoretical values. 


3. Benzyl acetate-obtained commercially. Its NMR spectrum7 
indicated the absence of detectable impurities. 


Spectra-Absorbance spectra were determined on the spectro- 
photometer under standard conditions, Le., 0.1 M (VI),  pH 6.61, 
25", using the buffer solution as reference. 


5 I n  the general case, one can estimate the slope of the tangent at any 
point on the curve from the slope of a chord taken over a very small 
fraction of the reaction process. 


6 Beckrnan Research. 
7 Varian A-60, neat. 
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Table II-Enzymatic Hydrolysis 


Com- ~~ Vm(oompound) Concentration k ,  Reportedd, 
pound Km(app)a, M Vm(phony1 acetate) Range, M A, nm. AtC, M-1 cm.-' M 


I 3.0 x 10-3 0.49 3-21 x 10-3 276.0 38.7 5 x 10-3 


>O.  5 3-11 X 280.0 145 6 .3  x lo-; 


IV  9 .7  x 10-6 0.34 8.7-54 X 267.5 780 (max) 5.4 x 10-4 


V 3.9 x 10-3 0.57 5.9-64 X 262.5 35 (max) - 


(1.3-4.6) 269.5 378 (max) 
- I1 


111 2.3 x 10-4 0.35 6-45 X 274.5 924 (max) 8 .3  X 10- 
(1.9-2.6) 


(3.5-16) 


(2.1-5.8) 


11 95 '?/, confidence interval of coefficient in parentheses. I, Ratio of V ,  of compound to that of phenyl acetate measured under identical conditions. 
For this sample of enzyme, phenyl acetate, K,,,,,,,, = 1.08 (0.77 - 1.4) X M ;  kc,t = 4.88 (4.55 - 5.41) X lo5 min.-*; for discussion, see Ref- 
erence 2. c Max indicates a maximum in the difference spectra between ester and hydrolyzed product. d Torpedo acetylcholinesterase, pH 7.4; see 
Reference 3 .  


RESULTS AND DISCUSSION 
Spectra-The spectra of Compounds 1, 11, and IV are given in 


Fig. 1. Measurements were made at  pH 6.61. For Compounds I1 
and IV,  which undergo neither acidic nor basic dissociation, the 
spectra are representative for the entire pH range. For compound 
I, pKa 3.7, the species a t  pH 6.61 is unprotonated. Its spectrum is 
representative for pH values above approximately 5.5. Spectra 
of the hydrolyzed products have not been given. They are closely 
similar to those of the parent esters. Maximum values of A€ (Table 
11) generally coincide with high absorbance regions of the ester 
spectra. The corresponding wavelengths are useful only at  low 
substrate concentrations. At high substrate concentrations, use 
is made of longer wavelengths, where An is low. Although A t  may 
he less than maximum, linear initial slopes could be obtained with 
each compound (Table H I ) .  


Figure 2 contains the spectrum of Compound 111, measured under 
standard conditions, together with its difference spectrum from 
hydrolyzed product. Like those of Compounds I1 and IV, these 
spectra are representative for the major part of the pH range. By 
analogy with other quaternary alcohols, the pKa for the product 
alcohol is estimated to  be 12-13. Therefore, the product alcohol 
may begin to show signs of dissociation above pH 10-11, with re- 
sultant changes in spectrum. 


Nonenzymatic Hydrolysis-Table I V  contains the observed rates 
of reaction of Compounds I-IV and phenyl acetate with aqueous 
solvent, pH 10.44, 0.1 M buffer (VII). The values of koH were cal- 
culated from the hydroxide concentration (Eq. 4) assuming no 
significant contribution from Compound VI. The close identity 
between the calculated and reported values of koH for phenyl ace- 
tate supports this assumption. In several cases the reaction rate 
constants were calculated from both kinetic progress curves and 
from initial slopes. The results are in reasonable agreement. It is 
noteworthy that the uncharged compounds, I and V, are approxi- 
mately seven times more stable hydrolytically than is phenyl ace- 
tate. The charged compounds, TI1 and IV, are equal in stability to 
phenyl acetate and 100 times more stable than the charged quin- 
oliniuni compound. The order of reactivity of the pyridinium iso- 
mers. I1  > I V  > 111, is normal and corresponds to the order of de- 
creasing acidity of pyridinium aldoximes and hydroxaniic acids 
(8). 


Enzymatic Hydrolysis-The Km(o,,p) and V,, values (Eqs. 5 and 
6) are given in Table 11. The K,,a(ap,,) values differ significantly from 
the K,,, values reported in Refererice 3. The differences may reflect 


Table 111-H ydrolysis by Acetylcholinesterase" a t  High 
Substrate Concentration, pH 6.61 (Comparative Sensitivity) 


Concen- 
tration, 


Compound M X lo2 v, AAlmin. A, nm. 


Phenyl acetate 0.77 1.41 270 
I 2.13 0.064 276 


ri 
111 
I V  


1 . b  0.022 282.5 
I .38 0.086 280 
1.52 0.036 275 


' I  Approximate concentration of active sites = 6.8 X 10-8 M ;  see 
Referettce 2. 


the different source of enzyme (Torpedo) and pH (7.4). The V,  
values for Compounds I-V are presented as fractions of that ob- 
tained with phenyl acetate under the standard conditions. Since 
phenyl acetate is the most rapidly hydrolyzed substrate for acetyl- 
cholinesterase (7), Compounds I-V are "good" substrates. 


The K, and V,, values for Compound I1 could not be satisfac- 
torily determined. The reaction progress records were appreciably 
curved and noisy and, hence, initial slope values (Vo) were dif- 
ficult to estimate precisely. Nonetheless, the results clearly point 
t o  a constancy in GO over the range in SC values studied (Table 11). 
Such constancy suggests either that over this range in So, So >> KVL 
or, alternatively, that it represents a velocity maximum in a bell- 
shaped co cersiis SO plot caused by substrate inhibition. Neither 
alternative correlates well with Augustinsson's results (3). He ob- 
served product inhibition with a sharp peak at  So = 3 x IO-" M .  
Over our range in SO, he observed only a marked increase in rO 


In Table 111, Compounds I-IV are compared with phenyl acetate 
as spectrophotometric substrates for acetylcholinesterase at  practical 
substrate concentrations, rx., phenyl acetate and I near maximum 
solubility. The results, although themselves precise, are only indica- 
tive of' relative substrate sensitivities (AAlAr), since no etTort was 
made to maximize observed rates. Phenyl acetate is considerably 
superior to the others. However, acetylcholinesterase is a very active 
enzyme. Under many conditions the others may be quite adequate 
for assay purposes. Compounds 11, 111, and IV  have the marked 
advantage of very high water solubility without the attendant loss 
of stability toward hydrolysis as found, for example, in the quino- 
linium acetates (Table IV). Compound 1, on the other hand, is con- 
siderably more resistant to hydrolysis. Hence, it may have utility 
in studies at  elevated pH. Compounds H I  and LV have. in addition, 
large values of At. Hence, their kinetic constants can be determined 
with precision, so they may find use in kinetic and mechanistic 
studies. Finally, with all of the substrates reported here, the products 
of hydrolysis are nonacidic. Hence, the observed velocities (AA/Ar) 
are relatively independent of pH, except insofar as the enzyme 


with So. 


Table IV-Nonenzymatic Hydrolysisa 


Compound koHb, M-I sec.-l r l ,?,  sec. 


I 
I1 


I11 
IV 
Phenyl acetate 


Benzyl acetate 


0.43,O. 50, [O. 381 
7.3,7.96,[6.36] 346, 315 
2.42.12.441 1040 


5040, 5820 


720 
- 


3.48" - 
3.14[3.24] 


(Reported0.13 X rate - 
(reported 3.7y 


of phenyl acetate)d 
Acetylcholine (Reported 2.17)' - 
1-Methyl-6-acetoxy- [280]' - 


quinolinium iodide 
~ ~~ ~~~ ~~~ ~~ ~~~ ~~~~ ~~ 


4 Measurement made at pH 10.44, 25", buffer VII (0.1 M ) ;  rate con- 
tribution of buffer ignored. b  OH values calculated from initial slopes 
have been placed in brackets. c T. C. Bruice, A. F. Hegarty, S. M. Fel- 
ton, A. Donzel, and N. G. Kundu, J .  Amer. Chem. Soc., 92, 1370 
(1970). dE. Tommila and C. N. Hinshelwood, J .  Cheni. Soc., 1938, 
1801. e M. R. Wright, J .  Chem. Soc., B, 1968, 545. f Calculated from 
data in A. K. Prince, Arch. Biochem. Biophys., 113, 195(1966). 
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Figure 2-Curve A,  absorbance spectrum of Compound 111; curve B, 
difference spectrum between hydrolyzed products arid substrate. 
Buffer (VI)  (0.1 M) ,pH 6.61, 25”; concentration 1.59 X M was 
used. For the difference spectrum, absorbance at 310 nm. was arbi- 
trarily set at 0.3. 


ABSO R B ANCE 


ki k2 
enzyme + ester e enzyme’ester + enzyme-acetyl + enzyme 


k-1 + + alcohol acid 
Scheme I 


activity is pH dependent. With phenyl acetate, Ae is highly sensitive 
to small changes in pH. 


Enzyme Kinetics-Acetylcholinesterase functions kinetically in 
a three-step reaction (Scheme I). Michaelis-Menten kinetics are fol- 
lowed (I  and references cited therein); however, the kinetic con- 
stants are complex functions (Eqs. 5 and 6): 


where kl ,  k-l, kz, and k ,  are rate constants; v is the observed rate 
of product formation; and Eo and S are the concentrations of en- 
zyme and substrate, respectively. 


Per the discussion in Reference I ,  it is noteworthy that the ratios 
of Vnl(compound)/vm(phenyl are high and yet not greater than 1. 
For phenyl acetate, current evidence suggests that deacylation is 
the rate-limiting step and that kz >> k 3  (7). Hence, if the three-step 
mechanism is valid, the V,,, for acetate esters cannot exceed the 
V,,, for phenyl acetate. These results conform to  the three-step 
mechanism. The high V,,, ratios indicate that both acylation and de- 
acylation steps are sufficiently close in rate that they both contribute 
to the observed rate constant. If one assumes that Vm(pheny1 acetste) 


is directly proportional t o  k ,  and that k ,  is identical for all 
of the substrates, one can calculate k2/k3  for each compound from 
the V,,, ratios using Eqs. 5 and 6. Further, one can calculate the value 
of K, from the observed Kmcapp)  and the values of k2 and k, .  Finally, 
if one assumes that the “intrinsic” reactivity of each ester is mea- 
sured by its reactivity toward hydroxide, one can examine the kinetic 
specificity of the enzyme. In Table V, the values of k2/k3 ,  K,, and 
kz/k3/koE are listed for Compounds I, 111, IV, and V and phenyl 
acetate. 


The values of K,  for the three uncharged compounds, I, V, and 
phenyl acetate, are approximately 50 times greater than those of the 
two positively charged compounds, 111 andIV, which is in conformity 
with the binding selectivity of acetylcholinesterase. However. the 
rate of the transfer step, k2, is higher for I and V than for the charged 
compounds. In terms of reactivity toward hydroxide (k2/k3/kOE), 
the transfer rate for both I and V is considerably superior, being 
10 and 14 times greater than that for I11 and IV, respectively. Such 
differences in relative kz values have been variously attributed to  
preferred orientation of the acetyl group at  the esteratic subsite- 


Table V-Kinetic Constants for Enzymatic Hydrolysis 


Substrate 


I 1 10-2 2.15 
111 0.54 3 . 5  X 0.223 
IV 0.54 1.5 x 10-4 0.155 
V 


Phenyl acetate l@ 10-2 
1 . 3  9 x 1 0 - 3  -3. 2a 


- 


Q Calculated from data in E. Tornmila and C. N. Hinshelwood, J .  
Chem. Soc., 1938,1801. * Reference 7. 


permitting easier passage into the transition state-as a result of 
different positions of binding to  the protein of the charged and 
uncharged “alcohol ends” of the respective molecules (9), t o  the 
competitive inhibition of substrate hydrolysis by catalytically un- 
productive additional modes of binding by the substrate t o  the 
enzyme (lo), and to conformational accommodation of the enzyme 
protein upon binding with the substrate in the initial (or subsequent) 
Michaelis complex (11). Whether any or all of these explanations 
apply in thls case, we cannot say. However, the results do demon- 
strate considerable kinetic selectivity for the uncharged substrate 
by the enzyme. 


Finally, these results represent a further critical study of neutral 
substrates of acetylcholinesterase. Leiiz and Hein (12) pointed out 
that phenyl acetate may be an anomaly in that it is an uncharged 
substrate with kz > k, ,  and they suggested its reexamination for 
this reason. The high values of kr for neutral Compounds I and V 
provide additional examples of this phenomenon and, hence, sug- 
gest that it is a general property of the enzyme and not one uniquely 
limited t o  a single anomalous substrate. 
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Determination of Nifurpipone in Urine 


F. FONTANI., E. MASSARANI, D. NARDI, and A. TAJANA 


Abstract Nifurpipone (5-nitrofuraldehyde-N'-methylpiperazino- 
acetylhydrazone) in urine was selectively adsorbed and eluted from 
cationic resin with methanolic ammonium hydroxide solution. The 
drug in the eluate was determined colorimetrically or spectrophoto- 
metrically. 


Keyphrases 0 Nifurpipone-isolation from urine, analysis 0 
5 - Nitrofuraldehyde - N' - methylpiperazinoacetylhydrazone - iso- 
lation from urine, analysis 0 Ion-exchange chromatography- 
analysis of nifurpipone in urine 


change resin and could be eluted from the resin with 
diluted aqueous methanolic ammonium hydroxide solu- 
tion. The present paper describes a procedure for analy- 
sis of nifurpipone added to  urine and from urine col- 
lected from subjects following a single oral administra- 
tion of 100 mg. of the drug. 


EXPERIMENTAL 


5-Nitrofuraldehyde-iV'-methylpiperazinoacetyl hydra- 
zone (nifurpipone, I), a nitrofuran derivative, was syn- 
thesized and shown to  be a useful antibacterial agent in 
urinary tract infections (1-3). An analytical procedure is 
needed to analyze this drug in the urine for studying the 
urinary excretion of the drug. Conklin and Hollifield 
(4, 5) used nitromethane to extract nitrofurantoin (or 
furazolidone), without extraction of its metabolite(s), 
from urine and alkalized the extract to  produce a visible 
color. Chloroform was shown to be the more effective 
solvent for extraction of nifurpipone, but all attempts to  
obtain satisfactory recoveries from urines containing 
usual clinical amounts of the drug were unsuccessful. 


The colorimetric method proposed by Buzard et al. 
(6 )  for determination of nitrofurans in plasma was based 
on the formation and colorimetric estimation of 5- 
nitro-2-furaldehyde phenylhydrazone. To overcome the 
interference in the assay of nitrofurantoin in urine, 
Bender et al. (7) placed urine samples on an activated 
clay '-diatomaceous earthz mixture to  separate the 
drug from interfering pigments and then applied the 
colorimetric method of Buzard et al. (6).  This technique 
required selected and standardized adsorption material, 
especially the activated clay. Furthermore, during our 
work the columns ran so slowly that they had to  be dis- 
carded frequently. 


It was found that because of the aminic characteristics 
of nifurpipone, it could be adsorbed on a cation-ex- 


o , N Q c H  = ~ N H C O C H , - N ~ N - - C H ,  


I 


Materials-Nifurpipone is a yellow powder which melts with de- 
composition at 167-168". It is very soluble in methanol and chloro- 
form; soluble in ethanol, acetone, and benzene; and insoluble in 
ethyl ether. Its solubility in water is 0.2%. The UV spectrum of ni- 
furpipone in water shows two maximum peaks at 360 and 253 nm. 
The resin selected3 was chromatographic grade. All other chemicals 
and reagents used were analytical or reagent grade. 


Methods-A glass chromatographic column (20 X 1.5 cm.) was 
filled with 2.5 ml. of the resin and washed with 100 ml. of water. 


o.6 I 
0.5 


0.4 


0.2 


0.1 t I I I 
250 300 350 400 


WAVELENGTH, nm. 


Figure 1-Spectropllotometric curoes. Key: I ,  pure nifurpipone (I0 
mg.11.); and 2,  nificrpipone from a urine sample. 


1 Filtrol. 
2 Celite. 


3Amberlite G C  50 (H+), type I (10k120 mesh), Rohm and Haas 
c o .  
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Table I-Comparison of Results Obtained with Colorimetric and 
Spectrophotometric Analyses of the Eluates after Ion-Exchange 
Chromatography of Urines with Added Nifurpipone 


Table 11-Recoveries from Urines with Added Nifurpipone and 
Analyzed with Ion-Exchange Chromatography and 
Spectrophotometric Assays of the Eluates 


Nifurpi- 
pone ---Recovery, mcg./rnl. (Mean f. SO+ 


Added, Number Colorimetric Spectrophotometric 
mcg./ml. of Assays Method Method 


100 10 99.70 3~ 4.89 96.81 =t 3.10 
Mean of differences =t SD = 2.97 f. 4.95 
t = 1.89 


Ten milliliters of urine sample, previously diluted with water to 50 
ml.. was passed through the resin, and the column was washed with 
at  least 50 ml. of water. Nifurpipone was eluted with 45 ml. of 50% 
(v/v) aqueous methanolic ammonium hydroxide (1.5 M )  at  a flow 
rate of 1.5 ml./min. The eluate was collected in a 50-ml. volumetric 
flask, containing 3.8 ml. of glacial acetic acid for neutralization of 
the ammonium hydroxide, and cooled in an ice water bath. Aqueous 
methanol (50% v/v) was added to the column and the eluate was 
collected u p  to the mark. The eluate was filtered through Whatman 
No. 42 filter paper. Nifurpipone in the eluate was then determined 
by the following methods. 


Colorimetric Method-The procedure of Buzard et a/. (6) was 
used. An aliquot of the eluate was diluted with water to obtain a 
concentration of 2-10 mcg./ml. of nifurpipone. To 3 ml. of this 
solution were added 1 ml. of 5 N HCI and 1 ml. of 1.5% aqueous 
phenylhydrazine hydrochloride solution. After heating in a water 
bath at 70” and then cooling to  room temperature, the solution was 
extracted with 5 ml. of toluene. The extract was filtered through 
anhydrous sodium sulfate, and the absorbance of the extract was 
read at  430 nm. The amount of nifurpipone was calculated from a 
standard curve. 


Spectropliotometric Method-The absorbance of the eluate, which 
had been filtered through Whatman filter paper, was read at  360 
nm.; the amount of nifurpipone was calculated using 58.2 as the 
absorptivity (u) for nifurpipone. 


The blank for colorimetric and spectrophotometric methods was 
prepared with urine containing no nifurpipone. 


RESULTS 


Figure 1 shows the UV spectra obtained from a standard nifur- 
pipone solution (10 mg./l.) and from urine with added nifurpipone 
and analyzed with the described procedure. As can be seen, the 
shapes of both curves are closely coincidental. The results obtained 
with the colorimetric and the spectrophotometric procedures are 
shown in Table I. There was no statistically significant difference 
between the results obtained with the two procedures. The mean 
recovery of nifurpipone added (from 50 to  150 mg./ml.) to urine by 
the ion-exchange chromatographic and spectrophotornetric proce- 
dures was 97.5 :< (Table 11). By using as the blank a urine sample 
collected prior to drug administration, nifurpipone from 10 urine 
samples collected from volunteers 2 hr. after oral administration of 
100 mg. of the drug was determined with the colorimetric and spec- 
trophotometric procedures and found to  be in the range of 40.8- 
159.7 mcg./ml. The values obtained with the two procedures were 
not significantly different. The figures obtained with the microbio- 


Nifurpipone Recovery, mcg./ml. 
Added, mcg./ml. Number of Assays (Mean f. S D )  


50 
100 
150 


5 
10 
5 


48.12 f 0 .83  
98.56 f 2.68 


144.30 f 2.80 


logical assay, using Bacillus siibtilis as the test microorganism and 
the USP procedure (8). were in the same range. 


DISCUSSION 


The resin adsorbed nifurpipone quantitatively from aqueous solu- 
tion. The possible metabolite, 5-nitro-2-furaldehyde, was not ad- 
sorbed, while N-methylpiperazinoacetylhydrazide, another possible 
metabolite, was adsorbed on the resin and eluted with ammonium 
hydroxide solution. However, N-methylpiperazinoacetylhydrazide 
showed no absorption at  360 nm. and did not produce color by 
applying the method of Buzard et ul. (6); therefore, it did not bias 
the result. 


Nifurpipone was retained at  the top of the adsorbent as a yellow 
color band which was not eluted with water. The color band moved 
to the bottom of the column during the elution with the first 10-ml. 
fraction of the eluent. The second 10-ml. fraction eluent was suffi- 
cient to elute all the nifurpipone from the column. Using 50 ml. of 
eluent in the recommended procedure gives a larger safety margin. 
The sensitivity of the colorimetric procedure is 5 mcg./ml. of the 
drug in the urine, while the sensitivity of the spectrophotometric 
method is 25 mcg./ml. Both of these values are lower than the ther- 
apeutically active levels and the clinically found amounts of nifur- 
pipone in the urine (50-200 mcg./ml.). 
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Table 111-Ascorbic Acid Analysis 
~~~ ~ 


Amount 
Declared 
per Dose, --Mean Amount (mg.) + SD-- 


Product mg. TCEb Method Independent Method 
~ 


A 100 115.13 =I= 2.78 111.81 f 11 .3F  
B 100 97.77 =k 5.36 102.98 + 6.3& 
C 75 77.98 f 2.78 79.32 =I= 2 . 9 9 ~  
D 75 76.32 f 2.09 80.74 =I= 2.65” 
E 5015 ml. 54.10 f 0.44 53.81 f 0.20d 
F 60/0.6 ml. 61.41 0 .52  62.00 =I= 0.21d 


Calculated on basis of five doses; each assayed by TCE and in- 
dependent method. b Tubular carbon electrode method. c Reference 8. 
d Re.ferences 9 and IO. 


Several compounds commonly used as antioxidants undergo 
oxidation at  carbon electrodes (7), but no interference by these com- 
pounds with the ascorbic acid assay is expected for two reasons: 


1. The concentrations of antioxidants is usvally low and will not 
be detectable in the samples diluted (usually 1 : 10,000) for analysis. 


2. The half-wave potentials for most (7) antioxidants differ suffi- 
ciently from that of ascorbic acid to  permit separation of the waves. 


The absence of interferences in the multivitamin products used in 
this study is indicated by the fact that the shapes of the current- 
voltage curves for the products were identical t o  those for standard 
ascorbic acid solutions. 


The vitamin content of the products studied is given in Table I. 
No alterations of the ascorbic acid current-voltage curves resulted 
from the other vitamins contained in these products. Table 111 
shows the mean ascorbic acid content of these products determined 
by assaying five doses of each. Aliquots of each dose were assayed 
using both the tubular carbon electrode and the methods indicated 
in the table. The data for the solid dosage forms show variations in 
the content of the tablets as well as the relative precision of the 
methods used, while the data for the liquid dosage forms indicate 
only the relative precision of the methods. From this study it may 
be concluded that the tubular carbon electrode method gives com- 
parable or superior precision and accuracy when compared to  other 
methods commonly used in the analysis of ascorbic acid. The re- 
producibility of the response of the tubular carbon electrode was 
determined by assaying a single sample dilution five times. A stan- 
dard deviation of the mean of 0.91 


A recorder trace of limiting current uersus time for a series of 
standard ascorbic acid solutions is shown in Fig. 3. This recorder 
trace indicated the time required to  assay a single sample. Once the 


was found. 


TLC of Coumarin Anticoagulants 


C. A. LAU-CAMA and I. CHU-FONG 


sample solutions had been prepared, between 25 and 30 ascorbic 
acid determinations could be performed each hour. Although auto- 
mation was not employed in the present study, the flowing stream 
methodology could readily be incorporated in automated or semi- 
automated systems. 


In comparison to the tubular carbon electrode method, the iodine 
titration was less specific while the colorimetric methods involved 
several manipulative steps and thus required a much longer time. 
In summary, it is concluded that the method introduced in this 
paper has comparable precision, accuracy, and freedom from inter- 
ferences when compared with methods presently available for the 
analysis of ascorbic acid in multivitamin products. In addition, the 
method is faster and less complicated to perform. 
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Keyphrases 0 Coumarin anticoagulants-TLC separation and 
identification 0 Anticoagulants, c o u m a r i n - ~ ~ ~  separation and 
identification TLC-separation, identification of coumarin anti- 
coagulant s 


Abstract 0 A simple, rapid, and reproducible TLC procedure for 
the separation and identification of five 4-hydroxycoumarin 
derivatives used as anticoagulants and rodenticides is presented. 


The separation and identification of couma.rin deriva- 
tives used as anticoagulants and rodenticides are of 
interest t o  the forensic toxicologist and the analytical 


chemist. Internal heniorrhages found in corpses upon 
autopsy is often considered presumptive evidence of 
death arising from intoxication by coumarih anticoagu- 
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Ether 60 
Chloroform 30 
Acetone 1 


0 
t-, 


.d I-' :,? 
1 2 3 4 5  


ather 60 
Benzene 50 
Acetone 10 
Acetic Acid 1 


-4 I 0 
.-a 


1 2 3 4 5  


Toluene 50 
Acetone 1 
Acetic Acid 1 


'I 
I I . .* 


0 0 
, 
1 2 3 4 5  


Toluene 80 
tert-Butyl Acetate 2C 
Acetic Acid 1 
- 


1 2 3 4 5  


Figure 1-TLC of 4-hydroxycoumarin anticoagulants on silica gel HFzsa. Key: I ,  dicumarol; 2, phenprocoumon; 3, acenocoumarol; 4 ,  ethyl 
biscoumacetate; and 5 ,  warfarin. Dotred outlines indicate that the spot is  fluorescent under 36S-nm. UV light. 


lants. Several commercial rodenticides contain between 
0.5 and 1% of a coumarin derivative as the active in- 
gredient (1). In these instances, the problem resides in 
the proper characterization and identification of these 
substances by sensitive and reliable procedures (2). 


TLC (2-7) and paper chromatography (1, 7-9) have 
been applied to the analysis of coumarin anticoagulants 
following their isolation from biological materials and 
commercial products. TLC has proven particularly 
advantageous for routine work owing to its simplicity, 
speed, and high resolving power, coupled with a great 
versatility and small sample requirement (2-7). 


The only work dealing with the TLC analysis of the 
five coumarin derivatives listed in Table I appears to be 
that of Kamm (3). In this study, separations were ac- 
complished on silica gel G plates with either of two sol- 
vent mixtures: (a) n-butanol-amyl alcohol (1 : 1) satu- 
rated with 25 ammonia, or (b)  incorrectly reported as 
dioxane-toluene-isopropanol-25 % ammonia (1 : 2 : 1 : 4 : 
2) [the correct composition is dioxane-xylene-toluene- 
isopropanol-25 ammonia (1 : 2 : 1 : 4 : 2)l]. Chroma- 
tography with these solvents requires several hours, and 
spots are generally elongated. Furthermore, the two- 
dimensional chromatographic procedure proposed by 
Kamm for the resolution of a mixture of various cou- 
marin anticoagulants is also considerably lengthy (ap- 
proximately 7 hr.). 


The present article reports on the TLC of five cou- 
marin anticoagulants (Table I) on layers of silica gel 
GFz54 and silica gel HF,,, by the ascending technique in 
conjunction with several solvent systems and detection 
procedures. 


Personal communication from Dr. G.  Kamm, University of Mar- 
burg, Germany. 


Table 14-Hydroxycoumarin Anticoagulants 


Drug Name Chemical Name 


Acenocoumarol 3-(a-Acetonyl-p-nitrobenzyl)-4- 
hydroxycoumarin 


DicumaroP 3,3 '-Methylenebis[4- 
hydroxycoumarin] 


Ethyl biscoumacetate (4-Hydroxy-2-oxo-2H- 1- 
benzopyran-3-y1)acetate 


Phenprocoumon 34a-Et hyl benzyl)-4-hydroxycoumarin 
Warfarin 3-(a-Acetonylbenzyl)-4- 


hydroxycoumarin 


(1 Formerly named bishydroxycoumarin. 


EXPERIMENTAL 


Materials-Acenocoumaro12, ethyl bisco~macetate~, dicumaro14 
(bishydroxycoumarin), warfarin', p h e n p r o c o u m ~ n ~ ~ ~ ,  and cou- 
marin' were used. Phenprocoumon was also obtained from the 
commercial tablets as follows. Tablets sufficient to yield 20 mg. of 
coumarin derivative were reduced to a fine powder in a mortar, the 
powder being thoroughly extracted by trituration and shaking with 
methylene dichloride-methanol(9 : 1). The solution was filtered and 
evaporated to dryness in uacuo. The residue was dried over anhy- 
drous silica gel for 24 hr. All solvents and chemicals were of analyti- 
cal reagent grade and were used without further purification. 


Preparation of Plates-The plates (20 X 20 cm.) were coated with 
silica gel GFzs4* or silica gel H F d  according to the procedure of 
Randerath (1 1). The layers (250 p thick) were activated at 110" for 3 
hr. and stored in a desiccator over anhydrous silica gel for 1 hr. prior 
to use. 


* Sintrom, Geigy Pharmaceuticals, Ardsley, N. Y. 
4 Abbott Laboratories, Chicago, Ill. 


Tromexan, Geigy Pharmaceuticals, Ardsley, N. Y. 


Liquamar, Organon Inc., West Orange, N. J. 
Marcoumar. obtained from Dr. G .  Kamm, University of Marburg, 


Germany. 
7 Pfaltz & Bauer, Inc.. Flushing, N. Y. 
8 E. Merck, Brinkmann Instruments Inc., Westbury, N. Y. 
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Table IL-Solvent Systems for TLC of Coumarin Anticoagulants 


Solvent 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


~ ~~~ 


Composition" 


Ether-acetic acid (99: 1) 
Ether-chloroform-acetone (60: 30: 1) 
Ether-ethyl acetate-acetic acid (80:30: 1) 
Ether-benzene-acetone-acetic acid (60: 50: 10: 1) 
Ether-benzene-acetone (60:30: 10) 
Ether-benzene-acetic acid (60:40: 1) 
Toluene-acetone-acetic acid (50 : 1 : 1) 
Toluene-ethyl acetate-acetic acid (20: 5 :  1) 
Toluene-p-dioxane-acetic acid (50: 10: 1.5) 
Toluene-ether-acetic acid (50:7 : 1) 
Toluene-tert-butyl acetate (80:20) 
Toluene-rerr-butyl acetate-acetic acid (80: 20: 1) 
Benzene-ethyl acetate-acetic acid (70:30:0.5) 


a All ratios are expressed in volume. 


Table 111-RJ X 100 Values of Coumarin Anticoagulants on 
Silica Gel HFlsr  


_ _ _ _ ~  Solvent System------- 7 


Compound 1 2 2= 3 4 5 6 7 8 9 10 11 11a 12 13 


Coumarinb 87 58 61 62 62 58 50 24 46 47 34 40 35 40 47 
Dicumarol 60 9 6 41 52 12 54 44 68 56 53 17 13 41 41 
Phen- 95 60 53 68 64 66 58 24 55 40 29 40 35 49 46 


procoumon 
Aceno- 83 42 31 56 51 50 44 7 30 26 9 7 7 12 31 


coumarol 


acetate 
Ethyl biscoum- 10 3 2 11 11 4 52 24 25 24 15 0 0 5 14 


Warfarin 91 84 54 65 57 58 22 11 35 32 10 14 11 16 37 


0 Silica gel GF254 plates. b Internal standard. 


Chromatographic Procedure-Compounds were applied (3 pl. 
of a 0.2 w/v solution in chloroform) by means of a micropipet, at 
2 cm. from the lower edge of the plate and at intervals of about 1.5 
cm. Coumarin was used as the internal standard. The plates were 
developed to a distance of 12 cm. from the point of application in a 
rectangular chromatographic chamber fully lined with Whatman 
No. 1 filter paper and saturated with solvent vapors for 15 rnin. 
prior to use. All operations were conducted at ambient temperature 


Developing Systems-The chromatographic behavior of the vari- 
ous coumarin anticoagulants was studied utilizing five types of sol- 
vent systems: (a)  single solvents: acetone, p-dioxane, ether, ethyl 
acetate, isopropanol, methanol, fert-butanol, cyclohexanone, chloro- 
form, terf-butyl acetate, and cyclohexane; (b) binary solvent systems: 
acetone-chloroform, acetone-methanol, acetone-benzene, acetone- 
ether. acetone-rerf-butyl acetate, acetone-toluene, ether+thyl ace- 
tate, ether-chloroform, ether-methylene dichloride, ether-toluene, 
ether-p-dioxane, ether-ethyl benzoate, ether-isopropyl palmitate, 
ether-tert-butyl acetate, ethyl acetate-methylene dichloride, ethyl 
acetate-cyclohexane, ethyl acetate-benzene, methanol-rert-butyl 
acetate, toluene-ethyl benzoate, toluene-terr-butyl acetate, toluene- 
isopropanol, toluene-p-dioxane, benzene-tert-butyl acetate, and 
benzene-methanol; (c) ternary solvent systems: ether-acetone- 
chloroform, ether-methanol-benzene, et her-et hyl acetate-methanol, 
ether-ethyl acetate-benzene, ether-acetone-benzene, toluene-ace- 


(25-26'). 


tone-ether, toluene-p-dioxane*ther, toluene-p-dioxane-acetone, 
and toluene-ether-methanol; (d) basicsolvent systems: ethyl acetate- 
pyridine (99: l), acetone-pyridine (99 : l), and ether-pyridine (99: 1); 
and (e) acidic solvent systems : cyclohexane-ethyl acetate-acetic 
acid, toluene-ethyl acetate-acetic acid, toluene-ether-acetic acid, 
toluene-acetone-acetic acid, toluene-p-dioxane-acetic acid, tolu- 
ene-isopropanol-acetic acid, ether-acetic acid, ether-methanol- 
acetic acid, ether-ethyl acetate-acetic acid, ethcr-acetone-acetic 
acid, ether-acetone-benzene-acetic acid, ether-benzene-acetic acid, 
acetone-acetic acid, acetone-formic acid, ethyl acetate-acetic acid, 
p-dioxane-formic acid, ethyl acetate-methylene dichloride-acetic 
acid, benzene-isopropanol-acetic acid, benzene-ethyl acetate-acetic 
acid, p-dipxane-ethyl acetate-acetic acid, p-dioxane-ether-acetic 
acid, and toluene-fert-butyl acetate-acetic acid. 


In solvent types (b), (c), and (e), the ratios of each component 
were varied to achieve a satisfactory separation and well-defined 
spots. 


Deteclion-Following development, thechromatoplates were dried 
in an oven at 70" for 5 rnin. and then viewed under 254- and 365-nm. 
UV light. Compounds were also detected by exposing the chromato- 
grams to iodine vapors for 5 min. in a closed chamber. A more per- 
manent record was obtained by spraying the plates with 2,6-dichloro- 
quinonchloroimide reagent ( I )  (2). Alternatively, anisaldehyde- 
sulfuric acid reagent (11) (1  2) and diazotized sulfanilic acid reagent 
(111) (2 ,8)  were also employed. 


RESULTS AND DISCUSSION 


Table I1 presents those solvents found most suitable for the sepa- 
ration and identification of the five coumarin anticoagulants ex- 
amined. Table 111 gives the average RJ X 100 values for the dif- 
ferent compounds. Table IV summarizes the colors obtained for 
each coumarin examined with the various chromogenic reagents as 
well as their fluorescences under long wavelength UV light. 


Of the two adsorbents used, silica gel GFz. ,~  and silica gel HFza4, 
better separations and slightly higher RJ values were obtained with 
silica gel HF2ba. Moreover, the time of development with this ad- 
sorbent (approximately 20 min. with most of the solvents) was 
shorter. 


Excessive streaking of materials on the plates was observed with 
the majority of the binary systems and with all the basic solvents 
tested. In the first case, the addition of 0.1-lz of either formic 
acid or glacial acetic acid improved the chromatography and re- 
sulttd in almost circular spots. Sharpness of separation was de- 
creased with higher concentrations of acid. 


Occasionally, ethyl biscoumacetate and warfarin were accom- 
panied by a blue fluorescent spot with a higher RJ than either of the 
two coumarins. This finding confirms a previous report indicating 
that degradation products of warfarin, arising from the action of 
light on this compound during its TLC analysis, may be detected on 
thin-layer plates (7). Since, in our experience, these additional spots 
were only observed with sample solutions in p-dioxane and not in 
chloroform, it is assumed that the solvent used in the preparation of 
the sample for chromatography can also contribute to the degrada- 
tion of the solute. Welling et uf. (7) previously showed that solutions 
of warfarin in either 1,Zethylene dichloride or acetone are light 
sensitive. On the other hand, we observed that if warfarin or any of 
the other coumarin anticoagulants are spotted on a chromatoplate, 
allowed to remain on the starting line for a few hours, and then de- 
veloped, several additional spots with higher and lower RJ values 
can be detected under 365-nm. UV light or after visualization with 


Table IV-Color Reactions and Fluorescences of CHydroxycoumarin Anticoagulants 


Compound 


Coumarin" 
Dicumarol 
Phenprocoumon 
Acenocoumarol 
Ethyl biscoumacetate 
Warfarin 


r Ib  
Immediately After 10 rnin. After 1 hr. I I" 


Bluish-green Pale-blue Blue - 
Pale-violet Violet-brown Blackish-brown - 
Blue Purple Purplish-brown - 
Yellow Reddish-brown Blackish-brown - 
Pale-orange Emerald-green Greenish-blue Pink 
Pale-orange Purple, then Reddish-brown Pink-violet 


reddish-brown 


IIId Fluorescencee 


- Pale-violet- blue 
Orange-yellow Whitish-pink 
Pale- yellow Violet-blue 
Pale-yellow - 
Orange-yellow Whit ish-blue 
Pale-yellow 


a Internal standard. b 2,6-Dichloroquinonchloroirnide reagent. c Anisaldehyde-sulfuric acid reagent. d Diazotized sulfanilic acid reagent. 
c Under 365-nm. UV light. 


Vol. 61, No. 8, August 1972 0 1305 







detecting reagents. Degradation was perceived by the gradual ap- 
pearance of a yellow color at the point of sample application. 
In conjunction with the R f  values, further verification of the iden- 


tity of the anticoagulants considered in this study was ascertained by 
spraying the chromatograms with either I or 11. The first reagent 
gave characteristic colors with each of the coumarins, whereas the 
latter only reacted with ethyl biscoumacetate (pink color) and war- 
farin (pink-violet color). In addition, certain spots were easily identi- 
fied by their characteristic appearance under 365- and 254-nm. UV 
light after development with Solvent 2 ,4 ,7 ,  or 12 (Table IT and Fig. 
1). As little as 1 mcg. of sample could be detected with iodine vapors, 
I, or 11. The detection limit for phenprocoumon was about 2-3 mcg. 
111 was the least sensitive of all the reagents tested. 


The excellent one-dimensional chromatographic separation ob- 
tained with the majority of solvents obviates the use of the two-di- 
mensional technique for the resolution of a mixture of coumarin 
anticoagulants. In general, separation was better than has been re- 
ported in other laboratories and the time of development with the 
solvents employed was much shorter. 


This work may be useful as an adjunct tool for the rapid identifi- 
cation and confirmation of coumarin anticoagulants in experimental 
pharmacology, biochemistry, and quality control as well as in foren- 
sic and clinical medicine. 
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Fluorometric Determination of 
Ethinyl Estradiol in Tablets 


THERON JAMES 


Abstract A fluorometric procedure, based on the Liebermann- 
Burchard reaction, was developed for assaying ethinyl estradiol in 
tablets. A chloroform extract of ethinyl estradiol is reacted with 
acetic anhydride and sulfuric acid, and the resulting fluorophor is 
measured at 400 nm. while exciting at 324 nm. Fluorescence versus 
concentration is linear up to 10 mcg./ml.; the lower limit of de- 
tection is 0.5 mcg./rnl. under the conditions studied. Replicate 
analyses showed good agreement, and an average recovery of 
100.0 f 0 .94z  was obtained for 10 analyses of a synthetic mixture. 
Assay results on eight different commercial samples (0.01-0.50 
mg./tablet) are reported. 


Keyphrases 0 Ethinyl estradiol tablets-fluorometric analysis, 
Liebermann-Burchard reaction 0 Spectrophotofluorometry- 
analysis, ethinyl estradiol tablets, Liebermann-Burchard reaction 


Commercially available tablets of ethinyl estradiol are 
usually of very low dosages (0.01-0.05 mg./tablet). 
Consequently, quantitative analysis of these products 
has been difficult. The USP (1) colorimetric procedure, 
a modification of the Kober reaction, has several dis- 
advantages : 


1. Ethinyl estradiol is only slightly soluble in iso- 
octane, so it may not be completely extracted in the 
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the 
the 


USP procedure. Indeed, the first 
USP XVIII. official in November 


supplement to 
197 1, modified 


original isooctane extraction by using an isooctane- 
chloroform mixture instead. 


2. The method involves numerous transfers and ex- 
tractions, making it both time consuming and cumber- 
some. 


3.  There are several very critical variables in the color 
formation (moisture, purity of reagents, preparation 
of the sulfuric acid-methanol reagent, etc.). 


Other colorimetric procedures (2-6), which are also 
variations of the Kober reaction, suffer similar handi- 
caps. 


UV (7) and GLC (8, 9) methods for determining 
ethinyl estradiol also have been reported. These meth- 
ods require extensive cleanup procedures. Furthermore, 
the GLC methods usually involve derivatization. 


The sensitivity of fluorescence prompts an investiga- 
tion of its application to the analysis of ethinyl estradiol. 
Fluorescence methods reported to date (1O-14), how- 
ever, are again extensions of the Kober reaction. Little 
work has been done on the natural fluorescence of 
ethinyl estradiol or other forms of‘ induced fluorescence. 
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Organic Reactions in Steroid Chemistry, Volumes I and 11. Edited by 
JOHN FRIED and JOHN A. EDWARDS. Van Nostrand Reinhold Co., 
450 W. 33rd St., New York, NY 10001, 1972. 15 X 23 cm. Price: 
Vol. I (xv + 510 pp.) $26.00; Vol. I1 (xii + 466 pp.) $24.00; for 
the 2-volume set $45.00. 
This work consists of up-to-date critical reviews of the mechanism 


and scope of a number of types of transformations which have 
proven to be particularly useful in steroid chemistry. Most authors 
are experts in the areas which they discuss and, in consequence, they 
are able to offer many practical suggestions. Selected experimental 
procedures are given for all recommended reactions. While other 
authorities might occasionally question the procedures recom- 
mended by a given author, those presented are typically procedures 
which have proven to be particularly reliable. 


Volume I begins with a discussion by Dryden of metal-ammonia 
reductions and reductive alkylations. The excellence of this chapter 
is marred only by the lack of any mention of related reactions in 
higher amines or in trimesitylborane. Following authoritative re- 
views of ketone reductions by hydride reagents, diborane, and irid- 
ium complexes by Wheeler and Wheeler and of hydrogenation by 
Augustine, TGke‘s and Throop present a definitive account of tech- 
niques which have been used for selectively deuterating steroids. 
Rasmusson and Arth then give a particularly lucid account of selec- 
tive oxidation of hydroxyl groups in polyfunctional steroids. A long 
(109 pages), but selective, chapter by Beard provides a good overview 
of methods for introducing double bonds. This chapter includes a 
discussion of the preparation of haloketones which is generally 
quite useful but which does slight several methods and which fails to 
make clear that 21-halo-20-ketones readily rearrange to 17a-halo- 
20-ketones. Both of these deficiencies are rectified in a chapter by 
Oliveto in Volume I1 (but without cross-referencing or adequate 
indexing). A chapter by Gardi and Ercoli gives a thorough coverage 
of a number of methods for selectively protecting carbonyl and 
hydroxyl groups but fails to even mention the use of tert-butyl 
ethers and silyl ethers for the protection of hydroxyl groups or of the 
tetramethyl bismethylenedioxy group for the protection of the di- 
hydroxyacetone side chain. The first volume concludes with an ex- 
cellent review by Josef Fried and N. A. Abraham of methods for 
introducing fluorine into steroids. 


Volume I 1  begins with a chapter by Matthews and Hassner on the 
synthesis of oxiranes, aziridines, and episulfides. This is followed by 
a review by Laurent and Wiechert of methods for selectively intro- 
ducing alkyl and methylene units into steroids. The Wittig reaction 
is considered in the following chapter, by Oliveto, which focuses on 
methods for interconverting androstanes and pregnanes and on 
procedures for oxygenating the side chain of pregnanes. Heusler and 
Kalvoda contributed a chapter on functionalization of angular 


methyl groups and on the conversion of C-19 functionalized steroids 
to 19-norsteroids. The photochemistry of c hromophores containing 
the carbonyl group is reviewed by Schaffiier. Ring expansion and 
simultaneous ring contraction-ring expansion reactions are reviewed 
by Boswell, and ring contraction reactions are covered by Scribner. 
Although the material presented by Oliveto, Boswell, and Scribner 
is excellent, it is to be regretted that none of them included a discus- 
sion of the sequences which have been developed for converting 
D-homosteroids to 20-ketopregnanes. 


The utility of these books, particularly for the nonsteroid chemist, 
could have been improved by a more thorough indexing. Despite 
this lack, all steroid chemists and any others who may be concerned 
with analogous reactions (provided that they are put off neither by 
the title nor by the cost) will want these volumes at their desks. 


Reviewed by Alan J. Solo 
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School ojPhurmacy 
State University of New York at Buffalo 
Buffalo, N Y  14214 


Civilization & Science in Conflict or Collaboration? A Ciba Founda- 
tion Symposium. American Elsevier, 52 Vanderbilt Ave., New 
York, NY 10017,1972.227pp. 16 X 24crn. 
The symposium was held in late June 1971, and was attended by 


scientists, politicians, economists, and historians from several na- 
tions. They attempted to review the origins of today’s conflict and 
reexamine the traditional lack of value orientation in science. The 
antiscience movement is considered along with such problems as 
scientific involvement in politics and the effects of social conflicts 
and recent cutbacks in funds on the creative work of scientists. 


Stuff Review 


Analytical Emission Spectroscopy, Vol. I, Part 11. Edited by E. L. 
GROVE. Marcel Dekker, Inc., 95 Madisox1 Ave., New York, NY 
10016,1972. ix f 570pp. 15 X 23 cm. PriceS35.75. 
This book contains four sections on excitation of spectra, flame 


spectrometry, qualitative and semiquantitative analysis, and quan- 
titative analysis. Each chapter covers a parlicular area and coordi- 
nates the earlier basic developments with the more recent work in 
the field. 
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Potential Hypotensive Compounds: Substituted 
3-Aminopropionates and 3-Aminopropionohydroxamic Acids 


D. F. BIGGS', R. T. COUTTS, M. L. SELLEY, and G. A. TOWILL 


Abstract 3 As a continuation of a previous study, a series of 
substituted methyl 3-aminopropionates and 3-aminopropiono- 
hydroxamic acids were prepared and evaluated for their ability to 
lower blood pressure of rats. Many of the compounds possessed 
hypotensive properties but of very short duration. Some of the 
compounds were screened for their ability to protect mice against 


lethal dose of diisopropyl fluorophosphate but none was active. 


Keyphrases D 3-Aminopropionates, methyl-synthesis, screened 
as potential hypotensive agents 0 3-Aminopropionohydroxamic 
acids- -synthesis, screened as potential hypotensive agents 
Hypolensive agents, potential-synthesis, screening of methyl 3- 
aminopropionates and 3-aminopropionohydroxamic acids 


Some studies were already reported ( I ,  2) on the 
synthesis of certain methyl 3-aminopropionates (I) and 
3-aminopropionohydroxamic acids (II), in  which the 
substituents R, and R2 were alkyl groups, or an alkyl 
group and a hydrogen atom, or a ring system; R3 was 
a hydrogen atom; and Rc  was a hydrogen atom or a 
methyl group. Some of these compounds possessed 
potent hypotensive properties in rats and cats, and it 
was shown that the nature of the groups R,, R2, and 
R I influenced significantly the magnitude and duration 
of the fall in blood pressure produced. 


The results so far obtained prompted a continuation 
of this study to see if more potent hypotensive com- 
pounds could be produced. In particular, the result on 
hypotensive activity of varying the nature of groups K, 
and R 2  i n  1 and 11 was sought. In  all of the compounds 


+ 
R 1 Rz NHC HR3C HR4COOC H3 X - 


I 


R 1 RPNHCHR 3C HRd CONHOH 


11 


+ 
C1- 


111 


1v 


synthesized, the substituents R3 and R4 were hydrogen 
atoms or one of these substituents was a methyl group. 
I n  addition, three diesters of general Structure 111 were 
synthesized, in which R ,  was a benzyl or phenethyl 
group and  Ra was a hydrogen atom or a methyl group. 


Coe (3) synthesized a number of quaternary pyridin- 
iun i  hydroxarnic acids of Structure IV and found them 
effective in the prophylaxis and treatment of organo- 


phosphate poisoning. For this reason, all of the hy- 
droxamic acids and some of the esters prepared in  this 
study were evaluated for their ability to protect mice 
against lethal doses of diisopropyl fluorophosphate. 
None was active. 


CHEMISRY 


The 3-aminopropionate esters (I) prepared in this study (Tables 
I and 11) were obtained in two ways. Most were the products of the 
addition of an amine across the a,O-double bond present in methyl 
acrylate, methyl methacrylate, and methyl crotonate. When equi- 
molecular quantities of the amine and the a,fl-unsaturated ester 
were interacted, the major product was the desired one (I). Yields 
varied but were generally fair. The products were oils but, in some 
instances, small amounts of colorless solids precipitated during the 
reaction. They were presumed to be amides (2) but were not 
characterized. 


When excess methyl acrylate was reacted with benzylamine or 
phenethylamine, two molecules of the ester reacted with one 
molecule of the amine, and monobasic diesters were the result. 


A few amino-esters ( I )  were obtained by the interaction of an 
amine (2 moles) with a 3-bromopropionic ester ( 1  mole). The 
hydrogen bromide liberated during the reaction was trapped by 
the excess amine. Yields of amino-esters using this method of 
synthesis were generally good. 
In most instances, the esters were readily purified by fractional 


distillation under reduced pressure. With some high boiling amino- 
esters (Table I, Compounds 41-45), purification was difficult 
because distillation resulted in the decomposition of the desired 
product. Dibenzylamine, for example, combined with methyl 
methacrylate, as evidenced by the gradual diminution of the 
N-H band in the IR spectrum of the reaction mixture. However, 
during distillation, dissociation of the molecule occurred, and the 
starting materials, dibenzylamine and methyl methacrylate, were 
regenerated. Similar difficulties were encountered when attempts 
were made to distill the diesters (Table 11). McElvain and Stork 
(4) previously reported that condensations of amines with un- 
saturated esters are reversible, and Harper er [I/. ( 5 )  suggested a 
mechanism to explain the decomposition of tertiary amino-dicsters 
during distillation. 


The synthesis of the 3-aminopropionohydroxamic acids (Table 
111) was accomplished by treating the appropriate amino-ester with 
hydroxylamine (base or hydrochloride) in methanol. Products 
were invariably contaminated with varying amounts of the hydro- 
chloride salts of the amino-ester precursors, and lengthy purification 
procedures were required. In many instances, hydroxamic acids 
were oils and could not be purified. These acids were not investi- 
gated further. 


PHARMACOLOGY 


The effect of intravenous administration of the aminohydroxamic 
acid hydrochlorides (Table I l l )  and many of the amino-ester salts 
(Tables I and 11) on the blood pressure of anesthetixd rats was 
investigated. Most were inactive ( i .e . ,  a dosc of 4 mg./kg. caused no 
fall in blood pressure), and those that showed activity (Table IV) 
had only an evanescent effect. Some of these were examined for 
muscarinic and ganglion-blocking activity. 


Only one compound, N,N-di-(2-carbomcthoxyethyl)phenethyl- 
amine hydrochloride (Compound 47), exhibited muscarinic prop- 
erties. Activity was abolished by the administration of scopolamine. 
Most of the others were ganglion blockers (Table IV), as shown by 
their abilities to abolish the pressor response to nicotine but not 
noradrenaline. None of the compounds had any adrenergic neuron- 
blocking activity on the rabbit ileum preparation. 
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EXPERIMENTAL' 
Table IV-Effect of 3-Aminopropionohydroxamic Acid 
Hydrochlorides and Methyl 3-Aminopropionate Salts on the 
Blood Pressure of the Anesthetized Rat 


Esters-Esters were prepared in a variety of ways. 
Method I .  Secondary Amino-Esters (Table I)-(a) Methyl meth- 


acrylate, methyl acrylate, or methyl crotonate (0.25 mole) was added 
to a solution of the appropriate primary amine (0.25 mole) in 
anhydrous methanol (50-100 ml.). The reaction mixture was 
maintained at room temperature with stirring or was heated 
under reflux until the reaction was judged complete by the absence 
or near absence of a C=C stretching band near 1630 cm.-I in the 
IR spectrum of the crude reaction mixture. The solvent was re- 
moved, and the residual oil was fractionally distilled under reduced 
pressure. ( b )  The appropriate 3-bromo-ester (0.25 mole) was dis- 
solved in anhydrous benzene (50-100 ml). To this solution, the 
appropriate primary amine (0.50 mole) was added dropwise with 
stirring. The reaction mixture was heated under reflux with stirring, 
and the accumulated precipitate of amine hydrobromide was 
removed from time to time. Whep precipitation was complete, 
the solvent was removed and the residual oil was fractionally 
distilled under reduced pressure. 


Method II. Tertiary Amino-Esters (Table +These were prepared 
at reflux temperature using Method Ia, except that a 50-100% 
excess of methyl acrylate, methyl methacrylate, or methyl crotonate 
was added to a methanolic solution of the appropriate secondary 
amine and the reaction was judged complete when the IR spectrum 
of an aliquot from the reaction mixture exhibited no N-H stretch- 
ing band near 3400 cm.-1. 


Method III .  Amino-Diesters (Table II)-Excess methyl acrylate 
(0.60 mole) was added dropwise to a stirred solution of benzylamine 
or phenethylamine (0.25 mole) in  anhydrous methanol (50-100 
ml.), and the solution was cooled in an ice bath. The reaction mix- 
ture was allowed to come to room temperature and was then heated 
under reflux until the IR spectrum of an aliquot from the reaction 
no longer showed an N-H stretching band near 3400 cm-1. 
Solvent and excess methyl acrylate were removed under reduced 
pressure. Attempts to distill the products resulted in decomposition, 
so the products were purified and characterized as hydrochlorides. 


Method IV.  N - (2 - Carbomethoxyethyl) - N - ( 2  - carbometlioxy- 
propyl)benzylamitw (Table I I ,  Conipoutid 48)-Methyl acrylate (25 
9.) was added dropwise to a stirred solution of methyl 2-methyl-3- 
benzylaminopropionate (26.5 g.) and the solution was chilled in an 
ice bath. The mixture was heated under reflux for 48 hr. and then 
treated as described in Method 111. 


Method V. Salts-The hydrochlorides and hydrobromides of the 
amino-esters were obtained by gassing a solution of the appropriate 
amino-ester in anhydrous diethyl ether with hydrogen chloride 
or hydrogen bromide dried by passage through concentrated 
sulfuric acid. The precipitated salts were recrystallized from 
anhydrous methanol-ether or acetone-ether. 


In some cases, both the hydrochloride and hydrobromide salts 
were oils, so the acid oxalate was prepared for characterization 
purposes. The appropriate amino-ester was dissolved in methanol 
containing an exactly equivalent quantity of oxalic acid. The 
solution was chilled, and the resulting precipitate was collected and 
recrystallized from methanol. 


All salts were characterized by their IR spectra and melting 
points, and they were colorless compounds. 


Hydroxamic Acids-These were prepared by two methods. 
Method I--A previously reported method (1) was used except 


that the reactants were allowed to stand at room temperature from 
1 day to 5 weeks and the reaction was judged complete by the 
absence, or significant reduction in intensity, of the strong C=O 
stretching band near 1730 cm.-l (due to ester starting material) in 
the IR spectrum of the reaction mixture. Most aminohydroxamic 
acid hydrochlorides were recrystallized from anhydrous methanol- 
ether or acetone-ether. 


If the IR spectrum of the crude hydroxamic acid hydrochloride 
showed appreciable contamination with ester hydrochloride, the 
crude product was dissolved in a few milliliters of distilled water, 
and dilute sodium hydroxide solution (1Oz) was added until the 


~~ _____ 


Average 
Fall 
in 


Compounda mg./kg. % min. Action 


Blood Average Mechanism 
Dose, Pressure, Duration, of 


62 


63 


68 


69 


70 


71 


72 


73 


5 


14 


16 


22 


25 


31 


32 


33 


1 
2 
4 
1 
2 
4 
1 
2 
4 
1 


4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
I 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
0.5 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
4 
1 
2 
5 


25 


8 2 
14 3 
26 3 
11 3 
17 4 
24 5 


5 2 
10 3 
13 7 
2 1 
4 1 
8 1 
5 <1 
7 < I  


10 < 1  
4 1 
9 4 


12 5 
4 2 
7 4 
8 8 
9 1 


15 1 
17 1 
a 1 


I 1  1 
14 1 
15 3 
13 7 
13 6 
9 1 


I 1  I 
7 2 
7 2 ~ 


10 3 
14 7 
13 6 
26 7 
52 12 


Ganglionic 
blockade 


Ganglionic 
blockade 


Ganglionic 
blockade 


Ganglionic 
blockade 


13 <1 
19 1 
24 3 
21 < I  
26 1 
30 2 
14 < I  
15 < I  
19 1 
25 1 


34 


41 


44 


45 


47 


28 < I  
30 < I  
14 1 


Ganglionic 
blockade 


Ganglionic 
blockade 


Partly 


Partly 


ganglionic 
blockade 


ganglionic 
blockade 


Muscarinic 


9 <1 
37 1 
63 < I  
4 < I  


15 < I  
29 < 1  
19 1 
26 2 
31 2 
4 <1  


15 < 1  
45 < I  
50 1 


Melting and boiling points are uncorrected. The former were 
determined on a Thomas-Hoover capillary apparatus. IR spectra were 
recorded in mineral oil mulls or KBr disks on  a Beckman IR-10 
spectrophotometer, and NMR spectra were recorded on a Varian A- 
60D spectrometer. Microanalyses were performed by Mr. W. Dylke, 
Faculty of Pharmacy and Pharmaceutical Sciences, and in the Micro- 
analytical Laboratory, Department of Chemistry, University of Alberta. 


a Each compound was tested at  least twice in separate animals. 
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solution was basic (pH approximately 8). The basified aqueous 
solution was extracted with ether to remove any amino-ester 
present; the aqueous layer was acidified with dilute hydrochloric 
acid and then concentrated under reduced pressure. Precipitated 
sodium chloride was removed by filtration, and the solution was 
concentrated further to yield a crude hydroxamic acid hydro- 
chloride. This was recrystallized several times from anhydrous 
methanol to remove any sodium chloride still present and was 
finally recrystallized from anhydrous methanoldher.  


Mr.r/ioc/ I1 -A previously reported method (2) was employed 
except that stirring was continued until the IR of an evaporated 
portion of the reaction mixture lacked ester carbonyl absorption 
(about 1730 cm.-') and instead exhibited a lower frequency hy- 
droxamate carbonyl absorption (about 1640-1680 cm.-l). Methanol 
was removed under reduced pressure, and the resulting oil was 
dried in a vacuum desiccator over anhydrous calcium sulfatez. 
The resulting semisolid was purified as described in Method I of 
this section. 


All hydroxamrc acids were characterized by IR spectra which 
exhibited either one or two strong absorption bands due to carbonyl 
stretching within the range of 1630-1688 cm.-l. If present, the lower 
carbonyl absorption band was generally of equal or lower intensity 
than the higher carbonyl band. 


The N M  R spectra of all hydroxamic acid hydrochlorides were 
run in fully deuterated dimethyl sulfoxide. These showed a 3- 
proton or 4-proton broad band in the 68.05-1 1.10 range due to the 
one or two protons of rhe NH'- or NH2+ groups, respectively, and 
the two  protons of the NHOH group. These protons exchanged in 
deuterium oxide. 


Pharmacolugical ,~ethods-Aiiesr/ierize(~ Rat Experiments . - 
Rats weighing between 160 and 530 g. were anesthetized with 
urethan ( I  . Y  g./kg. i.p.). The surgical procedures were similar to 
those given by D'Amour et a/. (6). The blood pressure (carotid 
artery) was measured by means of a transducer3 coupled to an 
amplifier and pi:n recorder4. The drugs were dissolved in saline 
immediately before use and introduced uia a cannula inserted into 
either a femoral or jugular vein. 


Isolafrd Rabbit Iirtesriiie Experinients -A rabbit was killed and a 
length of ileum was taken with the mesenteric attachments intact. 
Portions 2- 3 cm. in length were cut to which the mesenteric blood 
and nerve supply could be clearly seen. Threads were attached 
to this and to each end of the piece of intestine, and the tissue was 
suspended in a jacketed 300-ml. organ bath. The mesentery was 
then threaded through electrodes connected to a stimulator5. 
A modified Krebs solution was used of the following composition in 
grams per liter of distilled water: NaCI, 6.9; KCI, 0.35; CaClr. 
6Ht0, 0.36; .MgSOI.iH20, 0.29; NaHC03, 2.1; KH?PO,, 0.16; 
and glucose. 1.0. The solution was equilibrated with 95% oxygen 
and 5:; carbon dioxide, and the temperature was maintained at 
37". The spontaneous contractions of the muscle were recorded by 
means of a strain gauge or an isotonic myograph transducera 
connected to an amplifier and pen recorder'. 


Ecaliiarioir 01 Musraririir Acticiry---The compound (4 mg./kg.) 
was adniinistercd intravenously to at  least two scopolamine-treated 
rats to determine if the hypotensive action was muscarinic in 
nature. Acetylcholine (0.05,0.1, and 0.2 mcg.) was given, followed by 
a suitable dose of the active compound. Scopolamine hydrobromide 
(1 mg.) was then given, and the procedure was repeated. Responses 
to acetylcholine were completely abolished, as were responses to 
some compounds, indicating that they cause hypotension by a 
muscarinic action. 


Efect 01 Niroriiie arid Norepiriephrine oiz Blood Pressure of Rats 
Trocired wiili Artice Nonmriscariiiir Conipourids-All nonmuscarinic 
active compounds were screened in the following manner. The 
anesthetized rat was given small intravenous doses (generally 
20 40 mcg.) of nicotine. producing a rise in arterial blood pressure. 
Three doses of norepinephrine (0.05, 0.1, and 0.2 mcg.) were then 
administered. 'The rats were injected with the test compound 
(generally 5, 10, or 25 mg./kg.), and the administration of nicotine 
was repeated. An additional dose of test compound was given, 
and administration of norepinephrine was repeated. 


I t  was found that in several cases the nicotine-induced rise in 


'' Dricritc. 
I E & M  model P-101)-A. 
I E & M  phys.ograph desk model DMP-4A. 


:I Hrrrvard ApDaraIus Co. model 240. 


arterial blood pressure was completely blocked (but returned after 
a period of time), while only a partial block was observed in 
other cases. The response to noradrenaline was undiminished in all 
cases. In a few cases, both nicotine and noradrenaline responses 
remained undiminished after administration of the test compound. 


Determitiatiotr of Eflertioeness o f  Anibioliydrosoinir Acids 
againsr Diisopropyl Fluoropliospliare Poisoiriirg iii Mica--Male 
Alas strain mice, weighing 20-25 g. each, were used. The LD:x 
of the diisopropyl fluorophosphate intraperitoneally in these mice 
was found to be 2.38 (2.09-2.71 ) mg./kg.?. The diisopropyl fluoro- 
phosphate was dissolved in distilled water and diluted such that 
0.1 ml. contained 5 mg./kg. when administered intraperitoneally. 
Each aminohydroxamic acid was made up as a solution i n  distilled 
water so that 0.2 or 0.3 ml. contained the desired dose on sub- 
cutaneous injection. The general procedure was to inject groups 
of mice with the desired dose of the compound under investigation, 
followed either 20 or 30 min. later by an injection of diisopropyl 
fluorophosphate. In each set of experiments, one group of mice in 
which distilled water instead of an aminohydroxamic acid had been 
injected was used as a control. 
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detecting reagents. Degradation was perceived by the gradual ap- 
pearance of a yellow color at the point of sample application. 
In conjunction with the R f  values, further verification of the iden- 


tity of the anticoagulants considered in this study was ascertained by 
spraying the chromatograms with either I or 11. The first reagent 
gave characteristic colors with each of the coumarins, whereas the 
latter only reacted with ethyl biscoumacetate (pink color) and war- 
farin (pink-violet color). In addition, certain spots were easily identi- 
fied by their characteristic appearance under 365- and 254-nm. UV 
light after development with Solvent 2 ,4 ,7 ,  or 12 (Table IT and Fig. 
1). As little as 1 mcg. of sample could be detected with iodine vapors, 
I, or 11. The detection limit for phenprocoumon was about 2-3 mcg. 
111 was the least sensitive of all the reagents tested. 


The excellent one-dimensional chromatographic separation ob- 
tained with the majority of solvents obviates the use of the two-di- 
mensional technique for the resolution of a mixture of coumarin 
anticoagulants. In general, separation was better than has been re- 
ported in other laboratories and the time of development with the 
solvents employed was much shorter. 


This work may be useful as an adjunct tool for the rapid identifi- 
cation and confirmation of coumarin anticoagulants in experimental 
pharmacology, biochemistry, and quality control as well as in foren- 
sic and clinical medicine. 
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Fluorometric Determination of 
Ethinyl Estradiol in Tablets 


THERON JAMES 


Abstract A fluorometric procedure, based on the Liebermann- 
Burchard reaction, was developed for assaying ethinyl estradiol in 
tablets. A chloroform extract of ethinyl estradiol is reacted with 
acetic anhydride and sulfuric acid, and the resulting fluorophor is 
measured at 400 nm. while exciting at 324 nm. Fluorescence versus 
concentration is linear up to 10 mcg./ml.; the lower limit of de- 
tection is 0.5 mcg./rnl. under the conditions studied. Replicate 
analyses showed good agreement, and an average recovery of 
100.0 f 0 .94z  was obtained for 10 analyses of a synthetic mixture. 
Assay results on eight different commercial samples (0.01-0.50 
mg./tablet) are reported. 


Keyphrases 0 Ethinyl estradiol tablets-fluorometric analysis, 
Liebermann-Burchard reaction 0 Spectrophotofluorometry- 
analysis, ethinyl estradiol tablets, Liebermann-Burchard reaction 


Commercially available tablets of ethinyl estradiol are 
usually of very low dosages (0.01-0.05 mg./tablet). 
Consequently, quantitative analysis of these products 
has been difficult. The USP (1) colorimetric procedure, 
a modification of the Kober reaction, has several dis- 
advantages : 


1. Ethinyl estradiol is only slightly soluble in iso- 
octane, so it may not be completely extracted in the 
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the 
the 


USP procedure. Indeed, the first 
USP XVIII. official in November 


supplement to 
197 1, modified 


original isooctane extraction by using an isooctane- 
chloroform mixture instead. 


2. The method involves numerous transfers and ex- 
tractions, making it both time consuming and cumber- 
some. 


3.  There are several very critical variables in the color 
formation (moisture, purity of reagents, preparation 
of the sulfuric acid-methanol reagent, etc.). 


Other colorimetric procedures (2-6), which are also 
variations of the Kober reaction, suffer similar handi- 
caps. 


UV (7) and GLC (8, 9) methods for determining 
ethinyl estradiol also have been reported. These meth- 
ods require extensive cleanup procedures. Furthermore, 
the GLC methods usually involve derivatization. 


The sensitivity of fluorescence prompts an investiga- 
tion of its application to the analysis of ethinyl estradiol. 
Fluorescence methods reported to date (1O-14), how- 
ever, are again extensions of the Kober reaction. Little 
work has been done on the natural fluorescence of 
ethinyl estradiol or other forms of‘ induced fluorescence. 
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Albers and Lowry (15), using a modification of the 
Liebermann-Burchard reaction, developed a fluoro- 
metric procedure for cholesterol. They also examined 
other steroids under similar conditions. Several steroids 
exhibited fluorescence, but they differed from choles- 
terol and from each other both in intensity and spectral 
characteristics. 


Since estrone was among those steroids quoted, this 
approach was investigated for its applicability to the 
analysis of ethinyl estradiol. In the proposed method, a 
portion of the powdered tablet is incorporated into an 
acid-base column. After a preliminary wash, ethinyl 
estradiol is eluted with chloroform and the residue from 
this chloroform extract is subjected to the Liebermann- 
Burchard reaction. The resulting fluorophor is linear up 
to 100 mcg. ethinyl estradiol in the final solution. 


EXPERIMENTAL 
Apparatus-A recording spectrophotofluorometer’ with 1-cm. 


cells was used. with the following instrument parameters: xenon 
lamp; meter multiplier, 0.3; sensitivity, 20-29; 1P21 photomulti- 
plier; slit arrangement No. 4; excitation wavelength, about 324 nm.; 
and emission wavelength, about 400 nm. 


Reagents-Redistilled heptane, spectrograde chloroforma (alco- 
hol free), reagent grade concentrated sulfuric acid (96z) ,  and acid- 
washed diatomaceous earth3 were used. A chloroform-acetic anhy- 
dride reagent (5 : l )  was prepared by mixing 5 parts chloroform 
with I part fresh or recently opened acetic anhydride. 


Standard Preparation-Prepare a solution containing about 10 
mcg. of ethinyl estradiol USP, accurately weighed, per milliliter in 
chloroform. Pipet a 4.0-ml. aliquot into a 125-ml. conical flask 
and evaporate to dryness. Proceed as in Procedure, beginning with: 
“Pipet 10.0 ml. of chloroform-acetic anhydride reagent into the 
flask. . . .” 


Procedure-Place a pledget of glass wool in the base of a chro- 
matographic column. To 3 g. of diatomaceous earth in a beaker, 
add 2 ml. of 10% sodium hydroxide, mix until fluffy, and pack 
moderately in the column. 


Grind at  least 20 tablets t o  pass a 60-mesh sieve. Accurately 
weigh a portion of powder equivalent t o  about 40 mcg. of ethinyl 
estradiol, and transfer to a 100-ml. beaker, Add 2-3 ml. of 2 N HCl, 
swirl to effect solution, and place in an ultrasonic bath for about 
15 min. Finally. add 3 g. of diatomaceous earth, mix until fluffy, and 
add to the chromatographic column, packing moderately. Place a 
pledget of glass wool above the column packing and wash the 
column with 100 ml. of tt-heptaiie. Discard the heptane wash. 


Change the receiver t o  a 125-ml. conical flask, and elute the 
ethinyl estradiol with 100 ml. of water-washed chloroform. Evapo- 
rate the chloroform eluate to dryness and cool. Pipet 10.0 ml. of 
chloroform-acetic anhydride reagent into the flask, swirl to mix, 
and let stand 15 min. Add exactly 0.5 ml. concentrated sulfuric acid, 
stopper, mix, and let stand 2 hr. ‘Read within 30 min. after 2-hr. 
development time. 


Adjust the spectrophotofluorometer to about 70% fluorescence 
intensity at 400 nm. with the standard solution. Scan the sample 
and standard solutions from 350 to  550 nm., reading the maximum 
at about 400 nm. Use 10 ml. of chloroform-acetic anhydride and 
0.5 ml. sulfuric acid as a blank. 


RESULTS AND DISCUSSION 


Initial investigations, using freshly prepared reagents, resulted in 
inconsistent and nonreproducible spectral intensities for standard 
solutions. The chloroform used in these early experiments con- 
tained 1 % ethanol, which apparently caused the erratic results; 
alcohol-free chloroform produced a more stable and reproducible 
fluorophor. Spectrograde chloroform or chloroform that has been 


1 Aminco-Bowman spectrophotofluorometer, American Instrument 


* Spectroquality chloroform, Matheson, Coleman & Bell, Los An- 


3 Celite 545, Johns-Manville Corp., New York, N. Y. 


Co., Inc., Silver Spring, Md. 


geler, Calif. 


Table I-Recovery of Ethinyl Estradiol from Various 
Weights of a Placebo 


Ethinyl 
Placebo Estradiol 


Weights, mg. Added, mcg. Recovery, % 


50 46 98.4, 99.6 
100 46 99.9, 99.6 
300 46 99.7,99.6 
500 46 101.1, 101 .o  
800 46 101.6, 100.0 


Average = 100.0 
SD = 0.94% 


passed through silica gel4 is suitable for the analysis. In addition, it 
was discovered, fortuitously, that allowing the chloroform-acetic 
anhydride reagent to stand at least 20 hr. resulted in stable, repro- 
ducible spectra. If the chloroform contains ethanol, the ethanol will 
react with acetic anhydride on prolonged standing, thereby effec- 
tively eliminating it as an interference in the final solution. 


Fluorescence intensity reaches a maximum in about 2 hr. and is 
fairly stable for 30 min. Fluorescence is proportional to concentra- 
tion from 0.5 to 10 mcg./ml. (Fig. l ) ,  and ordinary tablet excipients 
do  not interfere. As suggested by Albers and Lowry (IS), however, 
there does appear t o  be some photodecomposition on prolonged 
irradiation. 


The column cleanup procedure eliminates several sources of 
errors or interferences: 


I. The strong acid neutralizes basic tablet excipients and acidifies 
the sample mixture, thereby permitting better extraction of ethinyl 
estradiol. 


2. The sodium hydroxide layer serves as a trap to prevent loss 
of ethinyl estradiol in the heptane wash. 
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Figure 1-Standard curve for the Jiiorometric determination of 
ethinyl estradiol by the Lirbennuiiri-Birrchard reaction. 


4 Silica Gel lndicating (Ct6 mesh), E. H. Sargent & Co. 
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Table n-Assay of Commercial Ethinyl Estradiol Tablets 


-Ethinyl Estradiol, mg./Tablet- 
Sample Manufacturer Declared Found 


1 A 0.01 0.009,O. 009 
2 B 0.02 0.019,0.018 


0.019 
3 C 0.02 0.020, 0.020 


0.019, 0.020 
4 D 0.02 0.018,0.018 
5 A 0.05 0.045,0.043 
6 D 0.05 0.053.0.055 
7 E 0 .1  


8 D 0.5 


0.099: 0.099 
0.100, 0.098 
0.495,O. 503 


3. The heptane wash removes some organic tablet excipients 
and coating material. 


4. The acid-base column retains water-soluble dyes and coloring 
agents. 


A placebo was prepared to contain some common tablet excipi- 
ents (e.g., lactose, starch, and magnesium stearate). Several different 
weights of this mixture, each approximating sample weights of com- 
mercial tablets, were spiked with a known amount of ethinyl estra- 
diol and the assay was performed. The results are shown in Table I. 
The average recovery was 100 + 0.94%. 


Multiple analyses were performed on eight different commercial 
samples of varying potencies. These samples represent five different 
manufacturers, and three of the samples were coated tablets. Agree- 
ment between replicate analyses was good, and all samples assayed 
90% or better (Table 11). 


The Liebermann-Burchard reaction is a general reaction for 
steroids and sterols. However, each differs in fluorescence character- 
istics, sensitivity, and time of reaction. Consequently, the proposed 
method does ofer a degree of specificity. Additionally, the sensi- 
tivity is such that single-tablet analysis, even at the lowest dosage 
form, is quite feasible. 


The method presented here is not applicable to progestin-estrogen 
preparations. Because they are present in much higher concentra- 
tions than ethinyl estradiol, progestational steroids produce a color 
in the Liebermann-Burchard reaction that quenches the fluores- 
cence of ethinyl estradiol. An adequate separation of the two compo- 
nents would resolve this problem. 


Preliminary investigations indicate that an additional cleanup 
procedure appears to give the desired separation. This cleanup con- 
sists of diluting the concentrated chloroform extract with isooctane, 
extracting ethinyl estradiol with sodium hydroxide, and reextracting 


ethinyl estradiol into chloroform. Optimum parameters and exact 
details have not been established, but work is continuing along these 
lines. 


SUMMARY 


A fast, facile, fluorometric method for determining ethinyl estra- 
diol in tablets is described. The procedure, based on the Lieber- 
mann-Burchard reaction, is sensitive enough for the lowest dosage 
forms available and offers a certain degree of specificity. It is appli- 
cable to a variety of commercially available, single-component 
preparations, and ordinary tablet excipients and coating materials do 
not interfere. 
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BOOKS 


REVIEWS 


Organic Reactions in Steroid Chemistry, Volumes I and 11. Edited by 
JOHN FRIED and JOHN A. EDWARDS. Van Nostrand Reinhold Co., 
450 W. 33rd St., New York, NY 10001, 1972. 15 X 23 cm. Price: 
Vol. I (xv + 510 pp.) $26.00; Vol. I1 (xii + 466 pp.) $24.00; for 
the 2-volume set $45.00. 
This work consists of up-to-date critical reviews of the mechanism 


and scope of a number of types of transformations which have 
proven to be particularly useful in steroid chemistry. Most authors 
are experts in the areas which they discuss and, in consequence, they 
are able to offer many practical suggestions. Selected experimental 
procedures are given for all recommended reactions. While other 
authorities might occasionally question the procedures recom- 
mended by a given author, those presented are typically procedures 
which have proven to be particularly reliable. 


Volume I begins with a discussion by Dryden of metal-ammonia 
reductions and reductive alkylations. The excellence of this chapter 
is marred only by the lack of any mention of related reactions in 
higher amines or in trimesitylborane. Following authoritative re- 
views of ketone reductions by hydride reagents, diborane, and irid- 
ium complexes by Wheeler and Wheeler and of hydrogenation by 
Augustine, TGke‘s and Throop present a definitive account of tech- 
niques which have been used for selectively deuterating steroids. 
Rasmusson and Arth then give a particularly lucid account of selec- 
tive oxidation of hydroxyl groups in polyfunctional steroids. A long 
(109 pages), but selective, chapter by Beard provides a good overview 
of methods for introducing double bonds. This chapter includes a 
discussion of the preparation of haloketones which is generally 
quite useful but which does slight several methods and which fails to 
make clear that 21-halo-20-ketones readily rearrange to 17a-halo- 
20-ketones. Both of these deficiencies are rectified in a chapter by 
Oliveto in Volume I1 (but without cross-referencing or adequate 
indexing). A chapter by Gardi and Ercoli gives a thorough coverage 
of a number of methods for selectively protecting carbonyl and 
hydroxyl groups but fails to even mention the use of tert-butyl 
ethers and silyl ethers for the protection of hydroxyl groups or of the 
tetramethyl bismethylenedioxy group for the protection of the di- 
hydroxyacetone side chain. The first volume concludes with an ex- 
cellent review by Josef Fried and N. A. Abraham of methods for 
introducing fluorine into steroids. 


Volume I 1  begins with a chapter by Matthews and Hassner on the 
synthesis of oxiranes, aziridines, and episulfides. This is followed by 
a review by Laurent and Wiechert of methods for selectively intro- 
ducing alkyl and methylene units into steroids. The Wittig reaction 
is considered in the following chapter, by Oliveto, which focuses on 
methods for interconverting androstanes and pregnanes and on 
procedures for oxygenating the side chain of pregnanes. Heusler and 
Kalvoda contributed a chapter on functionalization of angular 


methyl groups and on the conversion of C-19 functionalized steroids 
to 19-norsteroids. The photochemistry of c hromophores containing 
the carbonyl group is reviewed by Schaffiier. Ring expansion and 
simultaneous ring contraction-ring expansion reactions are reviewed 
by Boswell, and ring contraction reactions are covered by Scribner. 
Although the material presented by Oliveto, Boswell, and Scribner 
is excellent, it is to be regretted that none of them included a discus- 
sion of the sequences which have been developed for converting 
D-homosteroids to 20-ketopregnanes. 


The utility of these books, particularly for the nonsteroid chemist, 
could have been improved by a more thorough indexing. Despite 
this lack, all steroid chemists and any others who may be concerned 
with analogous reactions (provided that they are put off neither by 
the title nor by the cost) will want these volumes at their desks. 


Reviewed by Alan J. Solo 
Department of Medicinal Chemistry 
School ojPhurmacy 
State University of New York at Buffalo 
Buffalo, N Y  14214 


Civilization & Science in Conflict or Collaboration? A Ciba Founda- 
tion Symposium. American Elsevier, 52 Vanderbilt Ave., New 
York, NY 10017,1972.227pp. 16 X 24crn. 
The symposium was held in late June 1971, and was attended by 


scientists, politicians, economists, and historians from several na- 
tions. They attempted to review the origins of today’s conflict and 
reexamine the traditional lack of value orientation in science. The 
antiscience movement is considered along with such problems as 
scientific involvement in politics and the effects of social conflicts 
and recent cutbacks in funds on the creative work of scientists. 


Stuff Review 


Analytical Emission Spectroscopy, Vol. I, Part 11. Edited by E. L. 
GROVE. Marcel Dekker, Inc., 95 Madisox1 Ave., New York, NY 
10016,1972. ix f 570pp. 15 X 23 cm. PriceS35.75. 
This book contains four sections on excitation of spectra, flame 


spectrometry, qualitative and semiquantitative analysis, and quan- 
titative analysis. Each chapter covers a parlicular area and coordi- 
nates the earlier basic developments with the more recent work in 
the field. 
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Table I-Additional References on Preservatives 


Reference Topic 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


Effect of various surfactants on water-soluble ger- 
micidal compounds 


Effect of various types of modern ointment excipients 
on the bacteriostatic and fungistatic activity of 
preservatives 


Investigation of dimethyldodecylbenzylammonium 
chloride as an eyedrop preservative 


Effects of several commonly used insoluble powders 
on eight preservatives in aqueous solutions 


Inhibition of theantimicrobial and antifungalactivities 
of sorbic acid by methylcellulose and, to a lesser 
extent, by sodium alginate, polyvinylpyrrolidone, 
and tragacanth 


Brief review of the factors affecthg the deteriora- 
tion of drugs and the incompatibility of the pre- 
servative with the other ingredients of a formula- 
tion 


Review of preservatives and the physicochemical as- 
pects of their formulation 


Use of sorbic acid for the preservation of 13 different 
drugstore medicinal preparations 


Use of benzalkonium chloride, chlorhexidine acetate, 
or phenylmercuric nitrate as 'preservatives for 
ophthalmic solutions in the hospital 


Mixture of 0.07z methylparaben and 0.03 propyl- 
paraben inadequate for sterilizing ophthalmic 
preparations containing 1 
chloramphenicol 


Preservation of certain ophthalmic solutions with 
phenylmercuric borate 


resorcinol or 0.5 


areas of pharmaceutical sciences are published else- 
where. This is the 10th annual survey of the series (1-9). 
To compile it, numerous periodicals and selected sec- 
tions of Chemical Abstracts were abstracted. 


The review was prepared to provide an opportunity 
for reviewing the research of the past year in specific 
areas of pharmaceutical sciences and to supply a con- 
venient source of references to articles of preferred in- 
terest, To maintain continuity, the well-accepted format 
of last year's review was retained. 


GENERAL PHARMACY 


Preservatives-A dialysis method was used to esti- 
mate the distribution of preservatives between the oil 
phase and the aqueous phase of an emulsion and the 
total concentration of preservatives needed to provide a 
given free concentration in the aqueous phase as deter- 
mined from a plot of the distribution data on a three- 
dimensional graph (10). The data obtained from par- 
enteral toxicity studies with benzyl alcohol suggested 
that the contents of a 30-ml. vial containing 0.9% 
benzyl alcohol can be given to healthy adults with no 
problem of alcohol intoxication or toxicity (1 1). The 
antifungal activity of methylparaben against Saccharo- 
myces cerevisiae in vitro was found to be increased by 
theobromine sodium salicylate (Diuretin) and procaine, 
decreased by sodium phenobarbital, potassium guai- 
acolsulfonate (Thiocol), polysorbates (Tweens), methyl- 
cellulose, and gum arabic, and little affected by gum 
tragacanth or polyvinyl alcohol (12, 13). The capacity 
to depress the fungicidal effect of methylparaben was 
directly related to the hydrophilic-lipophilic balance 
of a surface-active compound. In a similar study of the 
effectiveness of preservatives in some fluid pharmaceu- 
ticals, the activity of both methylparaben and a mixture 


of methyl- and propylparabens was reported to be 
highest in citric acid syrup and potassium guaiacolsul- 
fonate syrup (14). The adsorption of benzalkonium 
chloride onto different filter media during bacterio- 
logical filtration depended on the porosity of the filter, 
on the volume of the solutions used, and on the salts, 
buffers, and other additives (15). Similarly, the bac- 
tericidal activity of benzalkonium chloride in light 
kaolin suspensions was reduced because of adsorption 
of the preservative by the kaolin (16). In contrast, the 
activity of m-cresol as a preservative in the suspensions 
was not affected. 


The interaction of a number of commonly used pre- 
servatives with the nonionic surfactant, cetomacrogol, 
was investigated. Binding parameters determined from 
a Scatchard plot in the concentration range of free pre- 
servative necessary for antimicrobial activity were used 
to calculate the total concentration of preservative 
needed in the surfactant system (17). Tests of the in- 
activation of preservatives by the added anion-active 
surfactants showed that inactivation occurred only after 
a certain ratio of surfactant to preservative concentra- 
tion was reached. These ratios were used to determine 
whether the concentration of preservative is sufficient 
at a certain concentration of surfactant (18). 


Other articles of interest related to the subject of pre- 
servatives are listed in Table I. 


Flavor, Aroma, and Color-A general discussion of 
flavoring pharmaceuticals and dietary products, in- 
cluding some of the problems encountered, was pre- 
sented (30). Flavor, considered by von Sydow (3 1) to be 
primarily a psychophysical concept and secondarily a 
chemical factor, was discussed, together with methods 
to classify flavor and taste of food products. Organ- 
oleptic testing, with particular reference to taste as a 
production control procedure, was described (32). The 
difference of tastes associated with D-mannose was 
found to be solely due to the slight difference in the 
molecular structure between a-D-mannose and p-D- 
mannose, supporting the conjecture that taste recep- 
tors exhibit a high degree of physical-chemical stereo- 
specificity (33). The characteristics of cold-pressed and 
steam-distilled citrus essential oils from various sources 
were established using instrumental analyses (34). 


The comprehensive evaluation of the literature in the 
perfumery materials field by Bedoukian (35) was con- 
tinued in his 27th annual review. The role of oleo- 
resins in perfumery was discussed, and their imagina- 
tive use for creating fragrance compositions with novel 
effects was proposed (36). Problems concerned with the 
thermodynamic compatibility of a perfume in a fin- 
ished cosmetic product, together with the retention of 
the intrinsic character of the perfume, were explored 
(37). The stereochemical theory of odors correlates the 
odor of various compounds with the size and shape of 
their molecular models, while the vibrational theory 
relates the odors to certain absorption peaks in their far 
IR spectra. It may be finally possible to compare the 
relative success of the two theories of odor specificity 
directly, since it was reported by Amoore (38) that he 
intends to apply his stereochemical theory to the same 
set of compounds that was used as a basis of the vibra- 
tional theory. The odor distinctiveness of the enantio- 
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mers R-( -)- and S-(+)-camone, the sensory constit- 
uents in oil of spearmint and oil of caraway, respec- 
tively, was ably demonstrated by several groups of 
workers (39-42). A representation of sensory impres- 
sions by single uniform perfumes as standard reference 
substances was presented in a review of aromas and 
fragrances by Zausch (43), in which natural and syn- 
thetic olfactory key components were discussed. 


The application and usage of colors in pharmaceutical 
and cosmetic products were reviewed (44). The charac- 
terization of nacreous and interference pigments used to 
impart pearl luster to many items, including cosmetics, 
was accomplished by measurements of their optical 
properties which make possible their comparison in 
terms of quality (45). 


Stability-The concentration of nonstabilized tuber- 
culin solutions was found to be greatly decreased by 
adsorption of the tuberculoprotein to the glass walls 
(46). The addition of 5 p.p.m. of polysorbate 80 (Tween 
80) to the tuberculin solution was reported to prevent 
this loss in potency. The activity of prostaglandin Ez 
solutions for clinical use was found to deteriorate on 
storage in saline solution. Brummer (47) reported that 
this can be prevented by preparing these compounds as 
concentrated alcoholic solutions in ampuls which can be 
kept for long periods at -20" and diluted with sterile 
isotonic saline as required within 24 hr. of use. The pro- 
gression of oxidation of a-methyldopa and its accept- 
ability to interruption by chelation with borate ion were 
investigated (48). The oxidation product resulting from 
this chelation with borate ions was shown to be resis- 
tant to further oxidation and to be soluble for extended 
periods of time. In studies on hydroxyethyl starch as a 
plasma extender, material with higher molecular weight 
was found to be more resistant to hydrolysis in the 
blood (49). The mode of hydrolysis was also discussed 
in connection with the stability of the hydroxyethyl 
starch in blood. An investigation of the use of sodium 
carboxymethylcellulose to chelate trace metals, which 
are frequently the cause of discoloration of medicinal 
tablets, showed that the discoloration of such tablets 
was markedly reduced by this agent (50). 


In an investigation of the color deterioration of 
pharmaceutical preparations containing aminophylline, 
ephedrine hydrochloride, and amobarbital (amylo- 
barbitone), it was found that mixtures containing 
aminophylline and ephedrine hydrochloride were del- 
iquescent and much less stable than either compound 
stored separately (5 1). The observed color changes were 
accelerated by heat and humidity. Irradiation at 254 
nm. of aqueous solutions of 5-ethyl-, 5-propyl-, and 5- 
isopropyluracil (or their nucleosides) was observed to 
form uracil or its nucleoside by cleavage of the 5-alkyl 
substituents (52). Neither the color of the glass ampuls 
nor the duration of storage was found to have any 
effect on the antibilharzial activity and toxicity of 
potassium antimonyltartrate (53). Human plasma 
stored for 2-5 years in plastic containers was evaluated 
(54). The overall changes detected suggested that plasma 
could still be usable after 4-5 years of storage at room 
temperature, although the use of frozen plasma ap- 
peared to be more effective. In a study of particle-size 
problems, the external surface areas of iodochlorhy- 


droxyquin (Clioquinol), hydrocortisone, and pred- 
nisone powders were found to be stable under changes 
in temperature, relative humidity, and storage time 


Stability studies on sulfonamides, reported by 
Schittenhelm and Hermann (56), showed that their 
relative instability increased with the increasing ali- 
phatic nature of the side chain and that aromatic 
character in the side chain and substitution with posi- 
tive conjugation stabilized the molecule as a whole. 
In stability studies performed on sterile, unbuffered, 
1 % solutions of pilocarpine hydrochloride stored in 
plastic and borosilicate containers at elevated tempera- 
tures, it was found that the solutions were stable in the 
pH range between 3 and 4 (57). The stability of the 
gel-like product formed from the interaction of sali- 
cylic acid with cetrimide in the presence of additives 
was investigated, and the effect of the additives on the 
viscosity of the gel-like product was discussed (58). 
Some of the complexities of making compatibility 
studies in hyperalimentation solutions were discussed 
in relation to the problems associated with the ex- 
perimental design of such a scientific study (59). 
Stability results indicated that the degradation of te- 
comine is dependent on the pH of its solution and that 
antioxidants are beneficial in minimizing its deter- 
ioration (60). The major degradation product of meth- 
oxamine in aqueous solution under air was found to 
be 2,5-dimethoxybenzaldehyde (6 1). 


Other papers of interest related to the topic of sta- 
bility are listed in Table 11. 


Stability Kinetics-Methods for predicting the sta- 
bility of a pharmaceutical composition at a given tem- 
perature from accelerated stability studies using the 
kinetics of the degradation reactions and the Arrhenius 
relationship were reviewed by many authors (99-108). 
Application of these principles to the prediction of 
pharmaceutical stability of parenteral solutions was 
presented by Ho (109) to aid the professional pharma- 
cist in interpreting the current literature on the sta- 
bility of clinically important parenteral admixtures. 
For cases where the decomposition of drug is less than 
10 %, the application of zero-order kinetics in the 
Gauss-Newton method to accelerated data, including 
extrapolation to room temperature shelflife, was 
demonstrated (1 10). For products whose loss rate 
constant is related to temperature by the Arrhenius 
relationship, a single virtual temperature was deter- 
mined for 30 cities in the United States and elsewhere, 
at which the loss rate is equivalent to that of the chang- 
ing monthly pattern of temperature (1 11). These data 
were reported to serve as guides in selecting the standard 
temperature for use in the laboratory stability test 
protocol of such products. Shelflife predictions for 12 
parenteral formulations, extrapolated from short- 
term accelerated stability test data, were compared with 
the results of long-term storage tests and were found, 
in most instances, to be correct (112). The use of an 
analog computer to simulate and interpret data ob- 
tained from linear nonisothermal stability studies was 
discussed (1 13). A program for predicting the degrada- 
tion of lyophilized coenzyme BIP (114) and phenobar- 
bital (1 15) in pharmaceutical preparations was pre- 


(55) .  
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Table 11-Additional References on Stability 


Reference Topic 


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 


Stability and physicochemical properties of perlapine 
Resistance of dihydrotrivine pamoate and ethion- 


amide to y-ray irradiation 
Effect of some stabilizing agents on apomorphine hy- 


drochloride solutions 
Degradation of cyclobarbitone in the solid state due 


to autoxidation 
Stability of tablet formulations containing aspirin in 


the presence of various excipients 
Equation for the evaporation of thermolabile sub- 


stances relating the decomposition rate to operat- 
ing parameters of the process 


Effect of storage conditions on stability of protamine 
sulfate solution 


Stabilization of anesthesia1 ether by various anti- 
oxidants 


Stability of various contraceptive steroids in a tablet 
formulation at various temperatures 


Stability of emetine hydrochloride injectable solu- 
tions 


Evaluation of stability of certain medicines kept at 
ambient temperature for 34 years 


Thermal stabilities of the reineckates of quinine, bet- 
aine, hordenine, and pholcodine 


Stability of scopolamine in sterile solutions 
Review of reserpine stability in various drug forms 
Review of aspirin stability in liquid and solid drug 


forms 
Determination of stability of nitrofurantoin in basic 


solutions 
Decomposition of Purpurea glycosides A and B dur- 


ing storage of tablets 
Decomposition of amidopyrine-analgin systems 
Chemical stability of hydrocortisone acetate in var- 


ious ointment bases 
Stability and physicochemical properties of flupen- 


thixol dihydrochloride 
Limited storage stability of a freshly prepared sodium 


nitroprusside solution 
Determination of stability of an ophthalmic homa- 


tropine hydrobromide solution 
Rational conditions for storage of some pharma- 


ceutical materials 
Practical relationships of stability data to expected 


shelflife of a product 
Review of effect of electromagnetic radiation on 


drugs and pharmaceutical preparations 
Review of hygroscopic properties of norsulfazole and 


pyramidon and their influence on the stability of 
drugs 


Stability of hexahydroadiphenine, ethionamide, and 
aminophylline in various lipophilic suppository 
bases 


Review of stability testing in pharmaceutical formula- 
tions 


Stability of glucose, atropine sulfate, and ephedrine 
hydrochloride solutions for injection as a function 
of sterilization conditions 


Comparative stability study of hypodermic tablets of 
nitroglycerin packaged in common prescription 
containers 


Compilation of incompatibilities of multiple additives 
to intravenous infusion solutions 


Physical and chemical incompatibilities of drugs in 
infusion admixtures 


Discoloration of amino drugs in solid dosage form 
induced by lactose 


Effect of moisture on stability of pyraminal and cal- 
cium theobrosal iodide tablets 


Stability of arginine-malic acid infusion solutions 
Review of deterioration of pharmaceuticals due to  


physical and chemical properties of the drug 
Review of accelerated tests for physical stability of 


pharmaceutical products 


sented, using temperatures of 80, 90, and 100" and re- 
quiring only a few days for completion of the tests. 
The results were comparable to those obtained using 
lower accelerated temperatures and longer time periods. 


In a study of some linear free energy relationships 
which have been used in ester solvolysis, the use of 
alcohol and phenol dissociation as a model process for 
ester solvolysis was explored (116). It was found that 
correlation of substituent effects with reactivity for 
acyl-substituted benzoate esters was successfully ac- 
complished using the Hammett equation. However, 
neither the Hammett equation nor the alcohol and 
phenol dissociation model was entirely effective in 
correlating structure with activity when considering a 
variation in the alkyl portion of the ester molecule. 
In an investigation of the relative substituent effects on 
alkaline solvolysis of 0-lactams and amides, it was found 
that substituent effects in the 0-lactams could be 
quantitated using the Taft equation and that a greater 
sensitivity to polar effects existed in the 0-lactams as 
compared to the model linear amides (1 17). The kinetics 
of lactonization of coumarinic acids and hydrolysis 
of coumarins was elucidated by Garrett et al. (1 18) and 
Lippold and Garrett (1 19). The acid-catalyzed lacton- 
ization was an apparent first-order reaction, while the 
coumarin was hydrolyzed by a specific hydroxyl- 
ion-catalyzed solvolysis. The effect of the substituents 
on the reaction rates was also described. In a similar 
manner, the kinetics of hydrolysis of canrenone and 
lactonization of canrenoic acid were studied (120). 
Based on the kinetic parameters obtained, maximum 
concentrations of canrenoic acid salt to maintain 
elegant pharmaceutical preparations were stated as a 
function of pH. 


The kinetics of drug decomposition for a number of 
compounds were reported by Pawelczyk and his co- 
workers (121-125). The decomposition of carbazo- 
chrome sodium sulfonate in aqueous solutions was 
found to be an apparent first-order reaction, and the 
shelflife of the drug at pH 5.15 and room temperature 
was estimated to be about 9 years (121). An investiga- 
tion of the kinetics of autoxidation of sodium sulfanil- 
thiocarbamide in alkaline solution showed that the 
reaction depended on concentration, pH, and the degree 
of filling of the reaction vessel (122). The decomposition 
rate was approximately first order, but at lower con- 
centrations the order of the reaction changed. The 
photooxidation of sodium nalidixate in alkaline buffer 
was found to be a zero-order reaction (123). Resistance 
to higher temperatures and atmospheric oxygen was 
afforded solutions buffered in a pH range of 8.5-11.0. 
The degradation of thioridazine in aqueous solutions 
in the presence of light and air was found to be due to 
photooxidation, and its reaction rate was dependent 
on the initial concentration, solutions of higher con- 
centration being more stable (124). Studies of the 
autoxidation and hydrolysis of sodium phenylbutazone 
solutions demonstrated that zero-order kinetics were 
followed in the presence of ammonium acetate, borate, 
and phosphate buffers under constant oxygen pressure 
(125). The acid-catalyzed hydrolysis of a number of 
sulfanilamidopyrimidine derivatives was found to be a 
first-order reaction (126). The effect of methyl groups 
substituted at positions 4 and 6 and of methoxy groups 
at position 5 on the hydrolysis rate of 2-sulfanilamido- 
pyrimidine was also recorded. The hydrolytic degrada- 
tion of sulfacetamide under anoxic conditions was 
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reported to be essentially independent of pH over the 
range of 5-11, but it was subject to catalysis by 
buffer constituents ; below pH 4, specific hydrogen-ion 
catalysis occurred (127). On the basis of calculated 
activation parameters, it was concluded that sulfacet- 
amide solutions could be satisfactorily autoclaved pro- 
vided they were not subsequently refrigerated. 


The degradation of a series of imidazolidinone 
derivatives was examined kinetically (128-130). Upon 
examination of these results, it was indicated that the 
2-substituted derivatives were comparatively unstable 
and that the substituent introduced into the phenyl 
ring attaching at the 3-position of the imidazolidinone 
ring affected the decomposition rate (13 1). The oxidative 
degradation of isoniazid catalyzed with Cu+* or Mn+2 
was examined kinetically, and the mechanism of the 
reaction was elucidated (132, 133). A few compounds 
were investigated as stabilizers for the system; it was 
found that ethylenediaminetetraacetic acid was the most 
effective, but that citric acid had some effect also. 
In a somewhat similar study, the degradation of iso- 
nicotinic acid hydrazide sodium methanesulfonate was 
examined in aqueous solution in the pH range of 3.0- 
9.0, and the mechanism of the reaction was established 
(134). Sodium hydroxymethanesulfonate was found to 
be a more effective stabilizer for the system than iso- 
niazid, sodium bisulfite, or formaldehyde. 


A series of articles on the hydrolytic behavior of a 
number of classes of water-soluble corticosteroid 
derivatives was reported (135-138). The degradation of 
16 kinds of hydrocortisone 2 l-hemiester derivatives in 
an alkaline aqueous solution was examined kinetically 
(135). All of the derivatives were found to undergo ap- 
parent first-order hydrolysis by the catalytic effect of the 
hydroxyl ion, a reaction influenced by the steric effects 
of substituents and the position of the terminal car- 
boxyl group. Eleven different kinds of water-soluble 
hydrocortisone 2 l-aminoalkylcarboxylates in an acid 
aqueous solution were found to undergo hydro- 
lysis by an apparent first-order reaction (136). Data 
were reported which indicated that the apparent pKa 
values of the derivatives may have a more important 
effect on stability than the steric effect of the substit- 
uents. Kinetic examination of the hydrolysis reaction 
of hydrocortisone 2 l-o-sulfobenzoate and 2 l-m-sul- 
fobenzoate in aqueous solution showed that the de- 
composition reaction of both compounds followed 
first-order kinetics and that greatest stability occurred 
at about pH 3 (137). The stability of hydrocortisone 21- 
sulfate was found to be maximum at around pH 5-6. 
Kinetic examination of the alkaline hydrolysis of 
prednisolone 2 l-hemisuccinate, hemiphthalate, and 
hemimaleate esters in aqueous solution indicated that 
the hydrolysis progressed by the apparent first-order 
reaction catalyzed by the hydroxyl ion (138). It was 
also reported that the hydrolytic degradation of pred- 
nisolone 21-phosphate proceeded by an apparent 
first-order reaction and that the stability of the drug 
was greater in the alkaline than in the acid region. 


The increase in stability of benzocaine and homa- 
tropine solubilized with 3-15 % polyoxyethylene lauryl 
ether and polysorbate 80 was kinetically examined by 
Hamid and Parrott (139). The logarithm of the specific 


rate constants for the alkaline hydrolysis of benzo- 
caine and homatropine was linearly related to the per- 
cent of the surfactant. Moreover, the specific rate 
constant for the hydrolysis of benzocaine was linearly 
related to the reciprocal of the apparent solubility of 
benzocaine in the two solubilizing agents. The hy- 
drolysis of 4,4'-diformamidodiphenylsulfone was ex- 
amined kinetically, and the reaction was described as 
proceeding in two steps, both of which followed ap- 
parent first-order kinetics (140). The kinetics of neutral 
and alkaline hydrolysis of barbituric acid derivatives 
were elucidated by Garrett et al. (141). The degrada- 
tion of urea in concentrated aqueous solutions was 
studied at accelerated temperatures, and it was dis- 
closed that the degree of degradation was extremely 
small and that the overall process conformed to a 
first- and a second-order reversible reaction (142). 


The acid-catalyzed hydrolysis of rifampicin in 0.1 N 
HCl was found to obey pseudo-first-order kinetics, 
and the heat of activation (19 kcal./mole-degree) was 
reported (143). The solvolysis of the orally active ace- 
toxymethyl and pivaloyloxymethyl cephaloglycin esters 
in 10% human serum was found to proceed rapidly to 
yield the active cephaloglycin (144). The half-lives of 
hydrolysis of these esters at pH 7.45 and 37 O were 5 and 
10-20 min., respectively. The effect of cupric ion on the 
stability and antibacterial activity of benzylpenicillin 
and 2,6-dimethoxyphenylpenicillin in phosphate buffer 
solution and phosphate broth kept at pH 5.0 was found 
to obey first-order kinetics to produce the correspond- 
ing penicillenic acids (145). The catalytic and complex- 
ing effects of cupric ion on the stability of penicillins 
were also described. The decomposition of sodium 
cloxacillin in aqueous solution was described as a 
function of pH, buffer species, ionic strength, and tem- 
perature (146). A rate expression describing four pos- 
tulated reactions in the overall degradation was also 
reported. 


Other references relative to the subject of stability 
kinetics are listed in Table 111. 


Antibiotic Stability-The stability of sodium am- 
picillin, sodium methicillin, sodium nafcillin, and so- 
dium oxacillin solutions at pH levels from 3 to 10, 
stored at 25 and 4" for 24 hr., was investigated (170). 
The semisynthetic penicillins in this study showed a rea- 
sonable degree of stability over 24 hr. at the pH ranges 
and temperatures considered. In a study of sodium 
ampicillin solutions in the frozen and liquid states, it 
was found that freezing at from -20 to -78" generally 
increased the degradation of 1 % sodium ampicillin 
solutions and decreased the degradation of 25% solu- 
tions (17 1). The concentration of sodium ampicillin in 
solution and the type of vehicle used, but not the pH 
of the solution, were reported to be the major factors 
controlling the degradation. Solution stability profiles 
for the refrigerated and room temperature storage of 
sodium cephalothin, cephaloridine, potassium pen- 
icillin G (buffered), and vancomycin hydrochloride in 
5 % dextrose, 0.9 % saline, and water for injection were 
reported (172). The relative thermal stabilities of lin- 
comycin hydrochloride monohydrate, lincomycin cycla- 
mate, potassium cyclamate dihydrate, and sodium 
cyclamate were characterized using differential thermal 
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Table III-Additional References on Stability Kinetics Table IV-Additional References on Antibiotic Stability 


Reference Topic 
~~ 


Reference Topic 


147 
148 
149 


1 50 


151 


152 


153 


154 


155 


156 


157 


158 
159 
160 


161 


162 


163 
164 


165 


166 


167 
168 


169 


Kinetic study of Fezatione in an ethanolic solution 
Stability of Levamisole in aqueous solution 
Photolytjc stability of some parenteral solutions in 


reserpine 
Estimation of shelflife of solutions of vitamins Be, 


Bla, and K3 and glucose by accelerated aging 
Kinetic examination of stabilities of 3-morpholino- 


sydnonimine and its N-ethoxycarbonyl derivative 
Stability of promethazine hydrochloride complexed 


with diethanolamine methylmyristyl sulfate in 
aqueous solutions 


Kinetics of reaction of primary amines with the food 
preservative, dehydroacetic acid 


Kinetics of inactivation of d-cycloserine in highly 
concentrated aqueous solutions 


Degradation kinetics of parenteral solutions of atro- 
pine sulfate, ascorbic acid, and thiamine hydro- 
chloride 


Evaluation of stability of freeze-dried diphtheria 
toxoid using degradation kinetics 


Kinetic examination of hydrolysis of adiphenine and 
cycloadiphenine 


Stability of an injectable dexamethasone solution 
Study of copper-catalyzed oxid'ation of cysteine 
Stabilization of procaine hydrochloride solutions with 


l,Cbutanediol, 1,3-butanediol, or 2,3-butanediol 
Kinetic study of stabilizing activity of polyols added 


to aqueous solutions of procaine hydrochloride 
Kinetic model describing decomposition behavior of 


germine-3,lGdiacetate in aqueous solution 
Stability studies of nystatin in selected ointment bases 
Kinetic studies of reversible cleavage of thiazolium 


salts 
Degradation behavior of thiamine monohydro- 


chloride and L-ascorbic acid with amorphous 
silicic acid in multivitamin capsules 


Thermal degradation of vitamin D3 in aqueous 
drinkable solutions 


Stability of hamycin in 19 different eye ointment bases 
Kinetic parameters of interaction of penicillinase 


with penicillins 
Kinetic study of stability of oxacillin solutions 


analysis and thermogravimetric procedures (173). An 
evaluation of the effect of protective packaging on the 
activity of antibiotic-containing tablets and capsules 
under the conditions of high heat and humidity of a 
tropical zone was presented (174, 175). A silica gel 
insert in glass containers was used as protection against 
atmospheric humidity. The characteristics of a new 
suppository base suitable for the tropics was also 
described (176). 


The preparation of stable aqueous gels containing 
neomycin sulfate was accomplished by adsorbing the 
drug molecule onto a cation-exchange resin prior to 
incorporation into the gels of synthetic polymers con- 
taining polyionic or polar reactive sites (177). The 
activity of the drug resin was demonstrated, and the 
binding capacity of the drug for the polymers was 
determined. The rate of lactose-induced discoloration 
of neomycin tablets was found to be inversely propor- 
tional to the initial hydroxyl-ion concentration of the 
tablets (178). The browning reaction was retarded or 
prevented by the addition of sodium bisulfite. In an 
investigation of the photodecomposition of various 
tetracyclines, it was learned that calcium tetracycline 
was the most sensitive and 7-chlorotetracycline was the 
most stable (179). The stability of tetracycline hy- 
drochloride solutions was found to be increased by the 
addition of carboxymethylcellulose and, to a lesser 


186 Review of antibiotics 
187 Stability of tetracycline 3,4,S-trimethoxybenzoate 


in a tablet formulation 
188 Effect of vitamin content on tetracycline hydrochlo- 


ride stability in a formulation 
189 Stability of freeze-dried penicilloylpoly-L-lysine prep- 


arations 
190 Formulation of methicillin solutions with improved 


stability 
191 Stability of thiamphenicol in aqueous solutions and 


a syrup 
192 Hydrolysis of chloramphenicol palmitate by lipase at 


pH 6.2 as a function of particle size in the crystal- 
line state 


degree, by the addition of polyvinyl alcohol or methyl- 
cellulose; however, pectin, polyvinylpyrrolidone, and 
gum tragacanth showed no such beneficial action 
(180). At therapeutic concentrations of gentamicin and 
penicillins, no significant inactivation occurred in the 
serum at 37"; but in infusion fluids, carbenicillin and 
ampicillin produced a rapid fall in gentamicin con- 
centrations at room temperature (181). It was recom- 
mended that where large doses of the penicillin are 
being administered by continuous intravenous infusion, 
gentamicin should be given by intramuscular or bolus 
intravenous injection. 


The effect of nonionic surfactants on the stability of 
chloramphenicol in solution was examined, and it was 
reported that the stability of chloramphenicol in- 
creased with an increasing concentration of either 
polysorbate 20 (Tween 20) or polyoxyethylene alkyl 
ethers (Brij 35) up to 0.517; under the same condi- 
tions, either polysorbate 80 (Tween 80) or polyoxy- 
ethylene stearic acid esters (Myrj 59) produced the 
opposite effect (182). Incubated aqueous solutions of 
chloramphenicol at a pH range of 1-14 were found to 
yield detectable amounts of p-nitrobenzaldehyde (an 
oxidation product) and arylamine (a reduction prod- 
uct), and evidence was presented on the role of water 
in this new degradative pathway of chloramphenicol 
(1 83). In other studies, the photodegradation products 
of chloramphenicol in aqueous solutions were identi- 
fied by Shih (184). Evidence was presented suggesting 
that chloramphenicol in water under the influence of 
light undergoes oxidation, reduction, and condensation 
reactions. A study of one amorphous and three crys- 
talline polymorphs of chloramphenicol palmitate 
indicated that only the biologically active a-form had a 
high degree of stability in the solid state or in aqueous 
suspensions with or without wetting agents (185). 


Additional references on antibiotic stability are pre- 
sented in Table IV. 


Vitamin Stability-Stability studies of ascorbic acid 
in the presence of various flavors indicated that banana 
caused the least destruction of ascorbic acid while 
vanilla caused the maximum degradation (193). The 
other flavors tested that showed appreciable destruc- 
tion of ascorbic acid were raspberry, cherry, chocolate, 
and pineapple. A kinetic study of the hydrolysis of 
ascorbic acid 3-phosphate showed that the degradation 
followed first-order kinetics with respect to the un- 
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reacted phosphate (194). The kinetic parameters were 
evaluated and applied to a mechanistic discussion of the 
degradation reaction. The anaerobic degradation of 
aqueous solutions of ascorbic acid in the presence of 
D-araboascorbic acid was examined kinetically, and a 
stabilizing effect of D-araboascorbic acid on the de- 
composition of ascorbic acid was not observed 
(195). Accelerated stability studies on seven typical 
liquid multivitamin formulations indicated that thi- 
amine, riboflavin, pyridoxine, niacinamide, and folic 
acid were fairly stable over normally expected storage 
periods, but vitamin A and cyanocobalamin in the for- 
mulation were highly unstable (196). 


A study of vitamin A stability in micellar solution 
showed that the degradation of vitamin A solubilized 
with oil by polysorbate 80 depended on the peroxide 
values of the oil; but when the vitamin A was solu- 
bilized by polysorbate 80 pretreated with hydrogen 
peroxide, the decomposition depended on the peroxide 
values of the polysorbate 80 (197). The oxidative deg- 
radation of ergocalciferol, vitamin Dz, was studied, 
and the characteristics of the degradation products 
were described (198). A combination of 0.1 cysteine 
and 0.1 thiourea was found to provide the most 
effective stabilization of calcium gluconoascorbate 
solutions, but lyophilized samples of calcium glucono- 
ascorbate without the use of stabilizers were superior in 
both color and ascorbic acid content (199). In a study 
designed to determine the stability of N,N-diethyl- 
nicotinamide solution, no degradation was detected in 
samples stored for 2 years and exposed to artificial and 
natural daylight (200). In an investigation of ointments 
containing fat-soluble vitamins, ointments containing 
5z vitamin F showed a better storage stability when 
synthetic vehicles such as polyethylene glycol were 
used instead of vehicles of plant or animal origin (201). 
The addition of 0.05% hydroquinone or 0.03z a- 
tocopherol was found to increase the shelflife of the 
ointment. 


Additional references on vitamin stability are listed in 
Table V. 


PHARMACEUTICAL TECHNOLOGY 


Progress in the field of pharmaceutical technology was 
comprehensively reviewed by Chalabala et al. (207). 
Galenical problems in drug development (208) and 
current aspects of pharmaceutics (209) were also re- 
viewed. Mathematical optimization techniques were 
demonstrated as an approach to solving pharmaceutical 
processing problems (210). A review of antacids in- 
cluded a discussion of factors to  be considered in their 
evaluation (21 1). The solubilization of water-soluble 
materials, such as aqueous solutions of ascorbic acid, in 
nonpolar liquids by the use of appropriate surfactants 
was demonstrated by Morse et al. (212). The manu- 
facture and properties of pharmaceutical gelatins, as 
well as their numerous applications to pharmaceutical 
products, were extensively reviewed by Jones (213, 214). 
The properties and pharmaceutical applications of 
acrylic acid polymers, polyvinylpyrrolidone, and poly- 
ethylene glycols were described in a series of review 
articles (215-217). 


Table V-Additional References on Vitamin Stability 


Reference Topic 


202 Carbonyl-type degradation products of vitamin A 


203 Instability of ophthalmic drops containing vitamins 
204 Review of ascorbic acid and methods for increasing 


205 Increasing stability of multivitamin preparations 


206 


palmitate 


its stability in pharmaceuticals 


derived from natural products 
Study of folk acid stability in injectables 


The control of microbial contamination in raw mate- 
rials used in oral and ophthalmic pharmaceutical 
products was examined (218). In a discussion of the 
antimicrobial activity of some oral and topical prod- 
ucts, many cases were cited in which the activity was 
destroyed or greatly diminished under conditions of 
use (219). The detection and control of nonbacterial 
contaminants in raw materials and in the processing 
of pharmaceutical dosage forms were also considered 
(220, 221). A survey of a laboratory building for air- 
borne antibiotics was reported (222), which is indica- 
tive of the type of environmental monitoring necessary 
to assure that other products are not contaminated by 
antibiotics from this source during their manufacture. 


Parenterals-The various factors affecting the solu- 
bility of a drug were discussed in relation to developing 
a parenteral dosage form (223). A report on the ther- 
modynamic and kinetic aspects of parenteral benzo- 
diazepines included a description of solubilization by 
the use of cosolvents and complexation and showed 
that stability prediction for the benzodiazepines in 
solution was possible by means of the Arrhenius re- 
lationship (224). The complicating factors which must 
be considered in manufacturing parenteral radio- 
pharmaceuticals were reviewed and discussed (225). 
The design of new production processes for hypo- 
dermic needles to reduce coring of rubber was re- 
viewed, and the coring effect of the lateral force of 
entry and the sharpness effect of the new lubricating 
process for the needle were described (226). The utiliza- 
tion of parenteral hyperalimentation fluids was re- 
viewed; the formulas and procedures for preparing 
satisfactory solutions were described, along with a 
discussion of some of the problems encountered (227, 
228). A report by Deeb and Natsios (229) indicated 
that the contamination of hyperalimentation fluids 
during use occurred more frequently than with other 
commonly used intravenous solutions but that the risk 
of contaminating hyperalimentation solutions or other 
intravenous solutions during preparation in the phar- 
macy was low when vigorous aseptic techniques were 
practiced. 


A study of particulate matter in intravenous in- 
fusion solutions of four manufacturers showed that the 
amount of particulate matter in solution varied widely 
among manufacturers and among different solutions 
made by the same manufacturer; additives and ad- 
ministrative sets contributed to the level of particulate 
matter, and final filtration sets were effective in re- 
moving particulate matter (230). An automatic machine 
detection of particulate matter in parenteral solutions 
by image projection was compared with a manual 
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Table VI-Additional References on Parenterals 


Reference Topic 


238 


239 


240 
24 1 


242 


243 


244 


245 


246 


247 


248 


Intravenous formulation of poly(inosinic acid)- 


Review of pharmaceutical aspects of pyrogenic con- 


Injectable suspension of Ae-tetrahydrocannabinol 
Review of interactions between closures and liquid 


Sorption of methylparaben from aqueous solutions 


Factors affecting the overage needed in containers of 


Preparation of stable sodium bicarbonate infusion 


Review of lyophilization procedures for mixtures of 


Preparation of a lyophilized formulation of me- 


Cryoscopic studies of a mixture of aminophenazone 


Effect of freezing conditions on the lyophilization of 


poly(cytidy1ic acid) copolymer 


tamination of parenteral solutions 


pharmaceuticals 


by Buna S rubber closures 


injectables 


solutions 


incompatible drugs 


picycline 


and allobarbital 


pharmaceuticals 


inspection method (23 1). The machine inspection was 
found to be more reproducible and selective than the 
visual inspection of a specific set of control ampuls and 
was considered feasible and practical for further testing 
of its performance on a production line with the actual 
product to be inspected. A method of detecting partic- 
ulate matter in injectable solutions was reported that 
involved placing an ampul in a liquid whose refractive 
index approximates that of glass and detecting the 
particulates by a photomicroscopic method (232). 


Rowles el al. (233) studied the losses of I4C-labeled 
benzyl alcohol, phenol, and thiamine hydrochloride 
from different solutions exposed to natural, butyl, and 
neoprene rubber closures and the permeabilities of the 
closures using a technique combining autoradiography 
and air scrubbing towers. The results showed that: (a) 
natural and neoprene rubber closures sorbed sub- 
stantially more preservative than the butyl rubber for 
each solution studied, (b) thiamine hydrochloride 
sorption was low for all solutions and closures tested, 
and (c) solution additives influenced benzyl alcohol 
sorption but not phenol or thiamine hydrochloride 
sorption into each of the studied closures. Also, the 
results of the air scrubbing tower analysis indicated 
that more preservative was released to the atmosphere 
by natural and neoprene than by butyl rubber closures. 
Present knowledge of cleaning techniques for rubber 
closures indicated that the procedure should start with 
closures boiled in distilled water in a steam autoclave 
followed by mechanical washing with detergent (234). 


Natural rubber latex vulcanized by irradiation was 
reported to be more resistant to sterilization and 
storage than rubber vulcanized with sulfur (235). 
Freeze drying of four ternary solutions was examined, 
and the mechanism of collapse during a freeze-drying 
procedure was discussed in relation to the eutectic 
temperature and collapse temperature of the solute 
matrix (236). The conditions for low temperature vacuum 
drying of sterile parenterals from ethanol were pre- 
sented for two antineoplastic agents (237). The drying 
was accomplished at -40" for the first 24 hr., and then 
the temperature was slowly increased until the final 


drying temperature of 20°, which was maintained for an 
additional 8 hr. 


Other papers of interest in the category of parenterals 
are listed in Table VI. 


Sterility-The importance of the determination and 
subsequent reduction of the environmental microbial 
load in production facilities was emphasized with regard 
to sterilization and sterility test procedures (249). The 
benefit of constructing a unitized sterile enclosure 
around a sterile manufacturing operation, as opposed 
to  installing the operation in an expensive sterile room, 
was discussed in relation to the elimination of con- 
tamination from personnel working in the area (250). 
In clean-room work, constant vigilance in enforcing 
rigid clean-room work rules was described as the price 
of contamination control (25 1). Factors to ensure 
microbiological purity of pharmaceuticals were pre- 
sented as guidelines and methods for use in a pharmaco- 
peia (252). 


According to Macek (253), greater emphasis should 
be placed on the development and use of standardized 
biological indicators to determine the adequateness of 
sterilization procedures. The various factors to be 
considered in developing a biological indicator for 
control of sterilization processes were discussed by 
several authors (254-257). These factors included the 
types of microorganisms on the products to be sterilized, 
the selection of a suitably resistant microorganism for 
the sterilization process used, rigid control for the 
manufacture of the inoculum, proper choice of the 
vehicles for the test piece, and rigid quality controls of 
the final biological indicators. An artificial resistance 
of the biological indicator to ethylene oxide was de- 
veloped by suspending microorganisms in a mixture of 
a plasticizer with a film former (258). The degree of 
resistance established was three times the resistance of 
freshly harvested spores of Bacillus subtilis var. niger. 
The solubility and resistance of the indicator were stable 
for at least 2 years under ambient conditions. 


The results from studying the removal of pyrogenic- 
ity from solutions of purified pyrogens and tap waters 
using ion-exchange resins suggested that the pyro- 
genicity due to purified pyrogen in solution may be 
removed or reduced by passage through suitable ion- 
exchange resins; the pyrogenic activity of tap waters 
may be removed by passing through a strongly basic 
ion-exchange resin, and different resins have different 
effects on various types of pyrogens (259). These data 
provided additional evidence to support the idea that 
the ion-exchange method in a sterilizable apparatus 
may be designed to provide sterile water suitable for 
use in parenteral products. The characteristics of a 
highly purified pyrogenic lipopolysaccharide were de- 
scribed ; the principal constituents found after hy- 
drolysis were galactose and mannose, plus unidentified 
fatty acids (260). A sensitive sterility test method for 
the detection of microbial contamination in petro- 
latum-based ophthalmic ointments was described by 
Tsuji et al. (261). Two of the authors also reported a 
somewhat analogous microcount method for petro- 
latum-based topical ointments containing waxes (262). 
A collaborative study of aerobic media showed that 
soybean-casein digest medium was superior to fluid 
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Sabouraud medium for sterility testing by membrane 
filtration (263). It was noted that this change was made 
in the USP XVIII and NF XI11 (first supplement). 


The level of ethylene oxide retained from the ster- 
ilization of polyvinyl chloride, natural rubber, poly- 
ethylene, or Teflon tubing that is toxic to tissue was 
studied (264). Tissue reactions to ethylene oxide in 
polyvinyl chloride and natural rubber were similar and 
correlated with the level of retained ethylene oxide. 
Little ethylene oxide was absorbed by either poly- 
ethylene or Teflon. The death of lyophilized Sal- 
monella senftenberg and Escherichia coli exposed to 
gaseous ethylene oxide was reported to follow first- 
order kinetics (265). Other aspects of the investigation 
indicated that the mode of action of ethylene oxide in 
causing the loss of cells to reproduce was that of al- 
kylation of the guanosine triphosphate component of 
DNA. In a study of the safe use of ethylene oxide steril- 
ization of rubber and plastic, it was found that 3-4 hr. 
of exposure to ethylene oxide at 49-57' and over 50% 
relative humidity, followed by adequate aeration to 
eliminate ethylene oxide, ethylene glycol, and ethylene 
chlorohydrin, was required (266). Ethylene oxide 
sterilization of contaminated hydrocolloid powder and 
fast-setting plaster was found to be effective and caused 
no change in the properies of the impression material 
(267). 


The concept, uses, advantages, and adverse effects 
of y-radiation sterilization of products were discussed 
by Ley (268) and Dietz (269) and were related to the 
physical facilities by which the sterilization was ac- 
complished. The effect of y-radiation on the physical 
and chemical properties of disposable injection needles 
and disposable plastic syringes was found to be slight, 
but all plastic parts showed some brittleness after ir- 
radiation at doses of 4.5-10 mrads (270, 27 1). A dose of 
lo6 rads of y-radiation was found to sterilize effectively 
levorin, nystatin, amphotericin B, sodium levorin, and 
sodium nystatin, with a potency loss of approximately 
10 (272). Dextran (molecular weight 40,000-70,000) 
was degraded by y-radiation at sterilizing doses of 1-5 
mrads (273-275). 


Other papers relative to the subject of sterility are 
listed in Table VII. 


Tablets and Capsules-The numerous publications 
dealing with pharmaceutical technology of tablets and 
capsules have been subdivided into the following clas- 
sifications to facilitate the search of the literature: com- 
minution, mixing, granulation, and drying; powder 
characteristics; compression ; effect of excipients ; and 
tablet coating. For a thorough review, consideration 
of the entire section is advised, since there is an ob- 
vious overlap in the subject matter of the subclassifica- 
tions. 


Comminution, Mixing, Granulation, and Drying- 
Ball milling of 32 kinds of powders was investigated, 
and the data were reduced to an equation describing 
the rate of increase of surface area (289). This rate of 
increase of surface area by ball milling was found to 
depend on such factors as coherency of powder parti- 
cles expressed as a function of surface energy, melting 
point, solubility in  water, and true density. In a study 
of single-impact crushing, it was shown that grain- 


Table MI-Additional References on Sterility 


Reference Topic 
~~ 


276 


277 
278 
279 


280 
28 1 


282 
283 


284 


~ ~~~ ~~ ~ ~ ~ 


Loss of chlorhexidine acetate by adsorption onto 


Detailed explanation of drug irradiation technology 
Bacterial contamination of intravenous fluids 
Effect of ethylene oxide sterilization on several sugars, 


sulfonamides, barbiturates, and alkaloid salts 
Inert gas flushing techniques 
Bactericidal activity of benzyl alcohol in radio- 


active injectable preparations 
Heat sterilization of sulfathiazole solutions 
Pyrogen-free water from filtration of tap water 


through ion-exchange columns 
Review of sterilization problems of synthetic biocom- 


different filter media 


patible materials 


brane filtration 
285 


286 
287 


Chronological survey of drug sterilization by mem- 


Recent developments in irradiation sterilization 
Discussion of radiation sterilization and preservation 


of cosmetics 
288 Review of the development of ethylene oxide steriliza- 


tion 


size distribution and mass-related load energy followed 
a logarithmic normal function ; distributions resulting 
from different impact energies were interrelated (290). 
In an effort to improve the efficiency of comminution 
by jet mills, the flow and comminution by impact of 
two solid-gas jets were studied for impact angles be- 
tween 45 and 180". Best comminution was found for a 
central impact and for small free distances between the 
end of the ejector and the impact point (291). 


The effects of adding various numbers of Lucite 
balls as mixing aids on the kinetics of mixing particulate 
solids in a rotating drug mixer were evaluated, and an 
empirical relationship between the number of balls 
added to the mixer and the diffusion coefficient was 
obtained (292). In a comparison of granules prepared 
by massing and screening and pan granulation, the 
action of the pan method was found inadequate to 
compact calcium phosphate but was highly effective 
with the less cohesive lactose. On the other hand, 
massing and screening provided the forces necessary 
for granulating calcium phosphate but failed to pro- 
duce a good lactose granulation (293). The use of a 
fluid bed granulator to prepare tablet granulations was 
thoroughly explored, and the effects of various process 
variables on the physical properties of the granulated 
product were reported (294). In a study of wet granula- 
tion, information was obtained on the relationship 
between the amount of binder and several character- 
istics representative of the granulation state and proper- 
ties of the granules; the amount of binder at the flection 
point of several characteristic curves was almost the 
same, but the amount of binder at this point was dif- 
ferent from the plastic limit measured by another 
method (295). 


The flow rates of some granulated pharmaceuticals 
were investigated by Danish and Parrott (296, 297) 
and Danish (298). By using granules of sodium chloride 
and lactose, an equation was presented relating the 
flow rate, the diameter of the particles, and the diam- 
eter of the orifice. The rate of flow was increased as 
the diameter of the orifice was increased; but as the size 
of the particles was decreased, the rate of flow from a 
given orifice was increased until a maximum rate was 
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Table Vm-Additional References on Comminution, Mixing, 
Granulation, and Drying 


Reference Topic 


303 


304 
305 
306 


307 
308 


309 


Effect of various granulometries of virginiamycin 
samples on in vitro dissolution rates at 37" 


Discussion of the wet method of granulation 
Evaluation of a liquid-phase granulation technique 
Procedure for uniform granulation by vibration-spray 


Procedure for spray drying kanamycin 
Kinetics of drying tableting preparations in a fluid- 


Kinetic evaluation of drying granulated materials in a 


congealing 


ized bed 


dense blowthrough layer 


obtained, after which further size reduction caused a 
slower flow rate. In other studies of the effect of con- 
centration and size of lubricant on the flow rate of the 
granules, these researchers found that at a constant 
concentration (< 1 %) in both systems (sodium chloride 
and lactose) the lubricants having a diameter of 0.0213 
cm. were the most effective. 


The radial migration of polyvinylpyrrolidone in 
spherical granules of magnesium carbonate during a 
controlled drying cycle and its effect on the physical 
properties of the granule were reported (299). Gum 
arabic, gelatin, polyvinyl alcohol, sodium carboxy- 
methylcellulose, methylcellulose, and polyvinylpyrro- 
lidone were studied as binders in aqueous slurries 
of synthetic aluminum silicate or magnesium carbonate 
which were spray dried (300). The finely agglomerated 
powders obtained by this procedure showed free-flow- 
ing properties and could be readily tableted as op- 
posed to the original powders. According to Fell and 
Newton (301), only the operational variables of the 
liquid feed rate affected any of the physical properties 
of spray-dried lactose produced in an experimental 
dryer under known conditions. Tablets prepared from 
spray-dried lactose dried at low inlet air temperatures 
were found to be stronger than those produced at 
higher inlet temperatures; this finding was attributed 
to the high content of the a-monohydrate form of 
lactose (302). 


References to additional literature on comminution, 
mixing, granulation, and drying are listed in Table 
VIII. 


Powder Characteristics-The effects of particle size 
and shape on the mixing of powder layers flowing down 
a chute were assessed; at constant particle size, the 
amount of mixing decreased with decreasing sphericity ; 
reducing the particle size of the upper layer increased 
the mixing rate and it was possible to pass into a zone of 
segregation of the smaller particles (310). In experiments 
designed for the determination of flow patterns and 


Table IX-Additional References on Powder Characteristics 


Reference Topic 


319 


320 


321 


Dynamic shape factors presented as a method of 
characterizing the shape of particles 


Determination and application of antibiotic powder 
characteristics to pharmaceutical manufacturing 
processes 


Effect of highly dispersed silicic acids on adhesion 
of various powders 


stress of granular materials on moving beds, it was 
indicated that: (a) granular materials flowing in the 
center part of a straight column flow down as if stuck 
together and break up only if the pressure exceeds their 
static load-carrying capacity, and (b) the boundary 
zone at the wall extends for from four to eight times the 
particle size and this is the region where abrasion of 
material occurs. It was further indicated that the height 
above the bottom where the uniform flow pattern be- 
gins to break down due to the orifice was very small 
when the material was choke-fed into a rotating table 
(311). A computer analysis of powder flow character- 
istics from shear test data was developed by Stainforth 
et al. (3I2), who suggested that this method will pro- 
duce more reliable hopper design solutions and will 
determine the essential powder flow properties with the 
precision necessary for a general classification of flow- 
ability. 


The flow factor of crystalline and spray-dried lac- 
tose was determined by shear cell measurements (313) 
and compared to the packing properties, the angles of 
repose, and the flow rate properties into die cavities 
for the same lactose powders (314). Grading of the 
powders by these two methods was in good agree- 
ment. Considering pubIished data and new evidence 
which he presented, Harwood (315) showed that both 
the flow factor and the shear index were in good agree- 
ment in predicting an increase in flow properties with 
an increase in bulk density. However, it was not sug- 
gested that the powder would be more free flowing 
when compacted than when in its normal state. The 
effect of moisture on the miscibility of powders was 
determined by measuring the distribution of substances 
in wheat starch-zinc oxide and talc-zinc oxide binary 
mixtures (316). In other studies, the relative absorptive 
capacity of zinc oxide and sulfur powder (previously 
adjusted to contain 0.2-4 % water) was determined for 
water and a nonpolar liquid, dioxane (317). The ab- 
sorptive capacity (Enslin number) was found to ex- 
hibit a very large drop in value for both solids at only 
0.2z moisture content. A study of the influence of 
viscosity of liquids on the absorbability of a powder 
showed that the Washburn equation for the Enslin 
number was valid only within a definite viscosity range 
(3 18). 


Other articles of interest concerning powder char- 
acteristics are listed in Table IX. 


Compression-The instrumentation of a rotary tablet- 
ing machine, including high speed movie photography 
in polarized light to record the fringes due to the radial 
stress in the die wall during compaction, was described 
and evaluated (322). Use of the total information thus 
obtained was shown to be applicable to establishing 
compression cycles on a rotary machine. An impact- 
rebound test method of estimating the hardness of a 
compact of powdered solid was evaluated by Hiestand 
et al. (323) and was shown to be applicable to the 
characterization of compacts of organic powders. 


The hardness of tablets using microcrystalline cellu- 
lose as a diluent was found to be markedly increased 
by increases in the compression pressure, but the dif- 
ferences in the physical properties of the tablets were 
found to have very little influence on their disintegrat- 
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ability (324). A study of the effects of moisture on the 
compression of particulate material showed that water 
apparently exerted a boundary lubricant effect in ad- 
dition to its hydrodynamic properties and, although it 
had a lower viscosity than light liquid paraffin, it was 
a more effective lubricant (325). The effect of particle 
size and the speed of compaction at a given pressure on 
the density changes in tablets of crystalline and spray- 
dried lactose was investigated (326). Changes in volume 
with load were found to be dependent on the particle 
size, the speed of compression, and whether the tablet 
volume was determined at pressure or after release of 
pressure. 


The total energy used in compressing sodium chloride 
tablets was found to be 13.6 cal./tablet, of which 7.5 
cal. was required for proper compression and 6.1 cal. 
for tablet ejection (327). A method for the determination 
and evaluation of force-displacement curves for the 
compression of pharmaceuticals, using a small digital 
computer, was described by DeBlaey and Polderman 
(328, 329). This method was used in a study of the effect 
of formulation, processing, and compression on the 
properties of sulfamethazine (sulfadimidine) tablets con- 
taining methylcellulose, potato starch, or gelatin as 
binders (330). Force-displacement curves were ob- 
tained for gross input, elastic deformation, net input, 
and radial hardness; in each case, tablets containing 
methylcellulose exhibited different behavior from those 
containing the other two binders. The disintegration 
and 50 dissolution times showed anomalies, in that 
slow disintegrations and dissolution occurred with low 
compression forces. Tablets formulated with gelatin 
or starch and compressed at 600 M N n 2  were sub- 
jected to in uiuo experiments using a urinary excretion 
procedure (33 I). Dissolution rate and urinary excre- 
tion data showed a difference in the availability of drug 
from the two tablets, both of which complied with the 
disintegration requirements of the BP. 


Additional articles relative to compression are listed 
in Table X. 
Effect of Excipients-The ratio of tablet diluent to 


drug was reported to have a decided effect on the dis- 
solution behavior of a poorly water-soluble quinazo- 
linone compound at pH 1.2 (342). The dissolution rate 
increase observed was found to be directly related to 
the dilution factor in the tablets tested. The changes in 
the physical properties of hydrochlorothiazide tablets, 
prepared with acacia, starch, and polyvinylpyrrolidone 
as granulating agents, after short-term storage at ele- 
vated temperatures correlated with the changes upon 
aging for 1 year at room temperature (343). Acacia was 
found to be an unsatisfactory granulating agent, be- 
cause the values of hardness, disintegration, and dis- 
solution times increased with aging. In further studies 
with hydrochlorothiazide tablets, the influence of 
polysorbate 80 in several dissolution media used in 
tablet disintegration and dissolution tests was found to 
be insignificant (344). The effectiveness of some fatty 
acids, alcohols, and hydrocarbons as lubricants was 
evaluated by determining the friction between the die 
wall and the tablet mass, the rise in temperature on the 
lateral and upper surfaces of the tablets during tableting, 
and the amount of ejection force needed to eject the 


Table X-Additional References on Compression 


Reference 


332 


333 


3 34 


335 


336 


337 


338 


339 


340 
34 1 


Topic 


Theoretical discussion of processes taking place 
during powder compression 


Factors influencing the compressibility of sub- 
stances, including tables of substances classified 
according to suitability for direct compaction 


Factors in the manufacture of tablets necessary to 
assure constancy of physical properties, ther- 
apeutic efficacy of the tablets, and economy of the 
processes 


Characterization of the compression properties of 
powders by determination of the work done in 
forming tablets 


Influence of compression force of aspirin tablets on 
their dissolution rate 


Work required for compressing medicinal tablets 
described by three independently derived formulas 


Interpretation of dissolution rate maxima for com- 
pressed tablets 


Preparation of stomachic tablets by a direct compres- 
sion method 


Direct compression of isoniazid tablets 
Discussion of physical properties of compressed 


tablets in terms of particle-to-particle bonds 


tablets from the die (345-347). The various methods of 
evaluation all yielded essentially the same results: (a) 
the straight chain fatty acids were the most effective 
die lubricants and the corresponding alcohols were, in 
turn, more effective than the hydrocarbons; (b) the 
optimum number of carbon atoms for both fatty acids 
and alcohol was 18; (c, the effectiveness of lubricants 
increased with increasing melting points; and (6) the 
optimal length of the carbon chain was not found for 
hydrocarbons. 


The effect of different disintegrating agents, lubri- 
cants, and surfactants on the dissolving rate and sta- 
bility of aspirin in compressed tablets was reported by 
Cid and Jaminet (348-350). Glycolys D was found to 
be the best disintegrating agent, and the stability of 
the aspirin was inversely related to the moisture content 
of the disintegrating agent, being least stable in the 
presence of Primogel, which had the highest moisture 
content (348). Lubricants having a weak viscosity 
caused a greater depression in the rate of dissolution 
than those having an elevated viscosity (349). The 
presence of the surface-active agents polysorbate 80, 
sodium lauryl sulfate, and cetrimonium bromide (Cetav- 
lon) improved the rate of dissolution of aspirin tablets, 
but this rate was diminished with storage time (350). 
Another study on the effect of some disintegrants on 
the properties of aspirin and other drugs showed that 
the results were influenced by the mode of granulation 
used, the nature of the disintegrating agent, and the 
solubility of the active agent (351). With insoluble 
disintegrating agents, the disintegrating time increased 
as the solubility of the active agent increased; but with 
soluble agents, the time increased as the solubility of the 
active agent decreased. 


The effect of the type of starch and its concentration 
and distribution on the pore structure of tablets was 
investigated (352). The maximum disintegration of 
magnesium carbonate tablets was produced when 10% 
potato starch was incorporated internally and the 
tablet was compressed to a porosity of 28 %. In studies 
of the mechanism of action of starch and other tablet 
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Table XI-Additional References on the Effect of Excipients 


Reference Topic 


363 


364 


365 


366 


367 


368 


369 


370 


371 


372 


373 


374 


375 


316 


371 


378 


319 


380 


381 
382 


383 


384 


385 


386 


381 


388 


389 


390 


39 1 


392 


393 


Comparative tests of binding substances in tablets 
containing norsulfazole and lactose 


Reduction of disintegration times by addition of 
sodium lauryl sulfate to phenacetin and ethoxid 
tablets 


Lubricating properties of polytetrafluoroethylene in 
compressed tablets 


Effect of sodium salts of some drugs on the disinte- 
gration of starch-containing tablets 


Influence of alginic acid on stability of pyridoxine 
hydrochloride tablets and their dissolution prop- 
erties 


Influence of ash wood flour and viscosity of binders 
on dissolution rate of sodium benzoate tablets 


Utility of ethylcellulose in making tablets of asco- 
phen, meprobamate, pyraminal, and sedaphen 


Use of Aerosil in tablet formulations of some hydro- 
phobic drugs 


Influence of the nature and proportion of some ad- 
juvants on physical properties of phenobarbital 
tablets 


Physical properties of tablets prepared with formal- 
dehyde-casein or microcrystalline cellulose 


Discussion of preparation, properties, and applica- 
tion of metal stearates in pharmaceuticals and 
cosmetics 


Effect of drug solubilitv and influence of various 
disintegrating agents -on disintegration time ~ of 
tablets 


Dissolution of drugs of low water solubility from 
tablet matrixes as a function of formulation and 
manufacturing variables 


Tablet formulation of methaqualone with improved 
release of the active ingredient 


Effect of starch with various binding agents on re- 
lease of drug from aminophenazone tablets 


Effect of various lubricating agents on release of 
aminophenazone from tablets 


Description of Celutab as a suitable excipient for drug 
tablets 


Use of Cordia myxa mucilage as a binding agent to 
prevent capping of amidopyrine tablets 


Discussion of types of excipients used in pharmacy 
Study of hysteresis in water vapor sorption and de- 


sorption on guar gum 
Improvement of certain properties of tablets by use of 


wood flour 
Use of wood flour as an ancillary substance in direct 


compression of tablets 
Study of lubricating efficiencies of powdered poly- 


ethylene glycol 6000 for various tablet granulations 
Investigation of in oiuo tablet disintegration times 


with use of Na131I 
Evaluation of drug availability from tablets and 


capsules by a disintegration test 
Discussion of several defects in empirically based tests 


for tablets 
Hygroscopicity of various preparations of erythro- 


mycin 
Description of a process for manufacturing tablets 


containing phthalazole, quiniophen, vitamins, 
bromisoval, and antistrumin 


Mechanism of action of disintegrating agents in com- 
pressed tablets 


Combined effect of active and inert ingredients in 
tablets on their porosity, hardness, and disintegra- 
tion time 


Diluent, lubricant, and surfactant effects on the re- 
lease of drug from hard gelatin capsules 


disintegrants, neither the effect on mean pore diameter 
nor porosity was found to be the mechanism of action 
in the disintegration of tablets under the experimental 
conditions employed (353). Tests made to determine 
the effect of starch on the disintegration and dissolu- 
tion of sodium salicylate tablets indicated that starch 
markedly delayed the release of the drug and the dis- 
solution of the tablets; the effect was independent of 


the compression forces used in preparing tablets (354). 
Tablets of amobarbital (arnylobarbitone) made with a 
vinylpyrrolidone-vinyl acetate copolymer were com- 
pared with tablets made with starch as a binder and 
were found to have better manufacturing properties 
and a higher dissolution rate which was independent 
of the compression pressure (355). Polycarboxylic acid 
ion-exchange resin adsorbates of methapyrilene, dex- 
tromethorphan, ephedrine, and pseudoephedrine were 
prepared and found to reduce the bitterness of the drugs 
in chewable tablets (356). The use of hydrocellulose 
prepared from absorbent cotton was found to be an 
effective disintegrant for tablets when mixed with 20- 
25% starch or alone at a concentration of 10-12z 


A thorough study was undertaken by Newton et al. 
(358) to establish the effect on drug release from cap- 
sules produced by adding lactose, magnesium stearate, 
and sodium lauryl sulfate (each at three levels of con- 
centration) to a 76-105-pm. particle-size fraction of 
ethinamate filled into capsules at low and high packing 
density. The results indicated that the effect produced 
by each additive was dependent on the presence and 
level of the other two additives. The interaction limited 
the conclusions, but the indications were that: (a) 10% 
diluent decreased drug release, whereas 50 % diluent 
increased the release; (b) the presence of 1% sodium 
lauryl sulfate was sufficient to enhance drug release; and 
(c) the additive effects were independent of the capsule 
packing density. The disintegration rate of gelatin cap- 
sules was found to be greatly increased by filling with 
electrolyte solutions (359). Comparative data were pre- 
sented to show that relatively insoluble drugs from 
different chemical and pharmacological classes, when 
formulated in soft elastic capsules, were released faster 
than from commercially available tablets (360, 361). 
Faster dissolution from the soft elastic capsules was 
attributed to the more rapid dispersion of the active 
ingredients. Exposure of hard and soft gelatin capsules 
to radiation caused an increase in the disintegration 
times due to hardening of the gelatin (362). 


Other references pertinent to the effect of additives 
on properties of tablets and capsules are listed in Table 
XI. 


Tablet Coating-The water vapor transmission prop- 
erties of free and applied polymer films, as well as a 
method of preparation of the free film, were thoroughly 
studied (394). The degree to which degradation of 
ascorbic acid was retarded by cellulose acetate phthalate 
films and the enteric-coating properties of the film were 
reported, An investigation of the effects of plasticizers 
on some physical properties of cellulose acetate phthal- 
ate films showed that the addition of plasticizers gener- 
ally lowered the water vapor transmission rate, water 
permeation, and moisture absorption but had little 
effect on tablet disintegration time (395). Examination 
of some forces responsible for the adhesive process in 
the film coating of tablets indicated that the surface 
free energy values are measures of the operative co- 
hesional forces in the tablet surfaces which are effec- 
tively interacting with the liquids (396). Such values were 
suggested as explaining and predicting the adhesion of 
film coatings to tablet surfaces better than the critical 


(357). 
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surface tension values. In research on film coating 
hydrochlorothiazide tablets, formulations were de- 
veloped incorporating ethylcellulose and shellac with 
polyvinylpyrrolidone (Plasdone) films to  reduce the 
hygroscopicity and tackiness associated with film- 
coating tablets by the pan-coating method (397). The 
coatings were physically stable and increased the re- 
sistance of the tablets to chipping and attrition. The 
use of gluten, gliadin, and gltitenin with an auxiliary 
substance such as dimethyl phthalate was found to  
produce suitable enteric coatings on tablets (398). A 
study conducted to determine the utility of a new poly- 
acrylic acrylate resin as an entleric-coating material for 
compressed tablets indicated that the resin (Carboset 
525)  should be considered for this purpose (399). 


Additional references on tablet coating are listed in 
Table XII. 


Suspensions-Recent advances in the rheology of 
pharmaceutical materials were (comprehensively covered 
in a review by Barry (404). Considerations of powders, 
suspensions, suspending agents, and other pharmaceu- 
tical applications were discussed. The literature de- 
scribing applications of the C'oultir counter for sizing 
and counting particles in suspensions and emulsions 
was reviewed, with emphasis placed on the precautions 
necessary to achieve reproducible results (405). Other 
reviews (406, 407) considered the theoretical and tech- 
nical aspects of suspension formulation and the rhe- 
ology of pharmaceutical thixotropic and antithixotropic 
dispersions. 


Aggregate formation, rheological properties, and 
suspension stability of chloramphenicol palmitate 
suspensions prepared by precipitation from solutions 
containing polysorbate 80 (Tween 80) were found to be 
dependent on the concentration of the wetting agent 
(408). At low concentrations of polysorbate 80 (Tween 
PO), suspensions with a high structural viscosity and a 
low sedimentation volume were produced due to the 
formation of coarse particles and large compact ag- 
gregates. The rheological properties of tragacanth- 
stabilized sulfamerazine suspensions were also found 
to be dependent on the concentration of polysorbate 80 
(Tween 80) present (409). The adhesion of particles of a 
chloramphenicol aqueous suspension to  the surfaces of a 
silicone-treated glass container was found t o  be inversely 
proportional to the contact angle of water (410). Thus, 
surfaces of containers for pharmaceutical suspensions 
should have a contact angle greater than 90" to inhibit 
the adhesion of suspension particles. Anionic sur- 
factants and some high polymers were found to prevent 
this adhesion, while nonionic: and cationic surfactants 
were found to promote it (41 1'). 


Rheological studies of sodium kaolinite dispersed 
with hexadecyltrimethylammonium bromide were con- 
ducted; values of yield stress, viscosity, and sedimenta- 
tion volume obtained for pH values of 4.7, 5.5 ,  and 8.5 
were found to be a function of the amount of surfactant 
adsorbed (412). In a study of Palygorskite clay dis- 
persed with cetylpyridinium chloride at various con- 
centrations, the stabilities, el'ectric polarizabilities, and 
{-potentials of the systems were evaluated; a correlation 
of the minimum colloid stabiility to the minimum elec- 
tric polarizability at  a rather high value of (-potential 


Table XII-Additional References on Tablet Coating 


Reference Topic 
~~~ 


400 


401 


Review of cellulose derivatives in the manufacture of 
tablets, emphasizing the use for enteric coatings 


Microcrystalline cellulose as an adjuvant in the sugar 
coating of tablets to hasten drying and facilitate 
use of automatic equipment 


Solubility of shellac films in artificial gastric and 
intestinal juices increased by addition of PVP, 
Span 20, or Tween 20 to the shellac 


Development of method for coating tablets with 
hydroxypropyl methylcellulose in a fluidized bed 


402 


403 


was observed (413). The use of low-angle laser light 
scattering to measure the state of agglomeration of dis- 
persed systems was described (414). The relation of 
light-scattering patterns obtained in a practical operat- 
ing procedure was explained in terms of light-scattering 
theory. 


In a study of the sedimentation of powders having low 
and high surface energies, it was found that the sedi- 
mentation behavior of powders having low surface 
energy depended on the surface tension of the liquid, 
while the sedimentation behavior of powders having 
high surface energy depended on the polarity of the 
liquid (415). The influence of the boundary effect on 
the rheological parameters for soda suspensions was 
evaluated (416). The thickness of the boundary layer 
was found to decrease with an increase in the concen- 
tration of the dispersed phase. The use of reflected 
@-radiation for evaluating the stability of 4% suspen- 
sions of barium sulfate, titanium dioxide, and aluminum 
oxide in water and 0.5-1 % aqueous methylcellulose 
(Tylose) solutions was described, and the results were 
reported as excellent (417). 


Rheological studies on dispersions of guaran by 
Kassem and Mattha (418) indicated a pseudoplastic 
flow behavior with highest stability at  pH 5-7. In 
further work on the effect of some additives on dis- 
persions of guaran, the dependency of the relative 
viscosity of the dispersion on electrolyte concentration 
was demonstrated (419). 


Other papers of interest on the subject of suspensions 
are listed in Table XIII. 


Emulsions-Emulsion stabilization by nonionic sur- 
factants, mainly derivatives of polyoxyethylene glycols, 
was reviewed in relation to relevant aspects of colloid 
stability theory (434, 435). In other reviews, the use and 
possible future development of some rheological tech- 
niques in pharmaceutical formulation (436) and various 
facets of current emulsion technology (437') were dis- 
cussed in connection with emulsion stability. Rheo- 
logical and electrophoretic techniques were used by 
Davis (438) to study the properties of emulsions con- 
taining mixtures of anionic surfactant and polyelec- 
trolyte. The addition of potassium arabate to emulsions 
stabilized by potassium laurate caused increased ag- 
gregation through a macromolecular bridging mecha- 
nism. Oil-water emulsions aggregated by the hydro- 
colloid potassium arabate were found to be deaggre- 
gated by shear and added surfactant but were unaffected 
by simple electrolytes (439). Potassium laurate was 
more effective than hexadecyltrimethylammonium 
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Table Xm-Additional References on Suspensions 


Reference Topic 


420 


421 


422 


423 


424 


425 


426 


427 


428 


429 


430 


43 1 


432 


433 


Effect of temperature of aging on the size of globules 
(about 17A) in an aluminosilicate hydrated gel 


Behavior of {-potential of particles as a function of 
the concentration of sodium oleate, oleic acid, and 
their mixtures dispersed in water 


Influence of pH and various inorganic ions on {- 
potential of coagulated kaolin suspension in water 


Properties of graphite and rutile powders dispersed 
in aqueous solutions of cationic and anionic sur- 
factants 


Rheological properties of aqueous suspensions of an 
abrasive powder using a special viscometer 


Stable aqueous suspensions of sulfadimethoxine using 
polyvinyl alcohol and Tween 80 


Study of the effect of 19 nonionic surfactants on 
stability of 10 triacetyloleandomycin suspensions 


Preparation of stable suspensions of sulfadimezine 
and norsulfazole 


Preparation, testing, and evaluation of some non- 
systemic antacid suspensions 


Preparation of Asaline and Asalei suspensions with 
Tween 80 and methylcellulose 


Rheological properties of xanthan gum, a glucose- 
derived hydrocolloid 


Rheological properties of various paraffin chain 
association colloids in aqueous solution 


Sedimentation rates of fine powders in air as a func- 
tion of air pressure and solids moisture content 


Review of sedimentation retardants, emphasizing the 
use of different types of cellulose for aqueous, oily, 
and suppository systems 


bromide or polysorbate 20 (Tween 20) in promoting the 
deaggregation, which was a very rapid process. To 
test the validity of the concept that aggregation occurred 
through hydrophobic interactions, the rheological 
properties of the emulsions stabilized by potassium 
laurate were measured at  different temperatures and in 
the presence of urea (440). The elasticity of the systems 
increased with increasing temperature and decreased 
with added urea, results that are consistent with hydro- 
phobic bonding. 


The rheological properties of emulsions stabilized 
with a combination of ionic or nonionic surfactants 
(sodium lauryl sulfate and cetrimide) and a fatty alcohol 
(cetyl or stearyl alcohol) were reported by Barry (441) 
and interpreted on the basis that a viscoelastic network 
exists in the continuous phase linking the globules of 
the dispersed phase and that the nature of this network 
controls the flow properties of the system. In studying 
the self-bodying action of alkyltrimethylammonium 
bromides-cetostearyl alcohol mixed emulsifiers, the 
strength of the emulsion network in each quaternary 
series was found to be related to  the influence of sur- 
factant chain length on the formation of smectic struc- 
tures (442). For equivalent concentrations of mixed 
emulsifiers, the consistencies of the ternary systems and 
emulsions increased as the quaternary chain length 
increased. The influence of temperature on the rheology 
of such mixed emulsifier systems as a function of qua- 
ternary chain length was also studied (443). The con- 
sistency of each emulsion prepared for the higher 
quaternary surfactants increased to a maximum as the 
temperature rose. Maximum consistency was observed 
at temperatures close to the transition temperature, 
at which each network melted from the frozen smectic 
to the liquid crystalline stage. 


Distribution characteristics of the dispersed phase 
of emulsions were estimated from theoretical considera- 
tions (444). Comparison of experimental data and calcu- 
lated data characterizing the fractional composition of 
sodium stearate, potassium oleate, and ammonium 
palmitate emulsions in benzene or olive oil showed 
that the differences of obtained results did not exceed 
3-5 %. The dielectric properties of water-in-oil emul- 
sions were found to be dependent on the nature of the 
emulsifier (445). Emulsions stabilized with nonionic 
emulsifiers showed anomalous dielectric behavior, 
while the use of magnesium stearate as an emulsifier 
exhibited a dielectric behavior which can be closely 
predicted by classical equations for interfacial polariza- 
tion. Emulsifiers with the same phase inversion tem- 
peratures were used to study the effect of the size and 
distribution of hydrophilic chain lengths of polyoxy- 
ethylene nonyl phenyl ether or polyoxyethylene lauryl 
ethers on the stability of oil-in-water or water-in-oil 
emulsions (446). Stability against coalescence increased 
remarkably with the size of the lipophilic and hydro- 
philic groups and showed maximum stability when the 
distribution of the hydrophilic groups was fairly broad. 
The structure of water in microemulsions was studied by 
electrical, birefringence, and NMR techniques and was 
found to be in agreement with the proposed mechanism 
of change in the structure of water from water spheres to 
water cylinders to  water lamellae (447). On the basis of 
physicochemical studies of emulsions prepared with 
various types of surfactants, it was reported that low 
interfacial tension and specific gravity and high viscosity, 
electrical conductance, and particle size favor emulsifi- 
cation and increase the stability of emulsions (448). An 
investigation of the processes of settling of suspensions 
and the phase separation of emulsions, which seem to be 
similar, indicated that the character of the settling 
processes was indeed quite different (449). 


A test of aluminum hydroxide prepared by different 
methods as a stabilizer for oil-in-water emulsions indi- 
cated that the degree of hydration of the aluminum 
hydroxide precipitate determined its stabilizing power 
(450). The stability of emulsions made with pectin, 
gelatin, agar, gum acacia, and gum tragacanth was ex- 
amined and correlated t o  changes in viscosity of the 
external phase and the hydration process of the hydro- 
philic colloids (451). The primary cause of stability 
was not the viscosity of the external phase containing 
the emulsifier. In a study of the effect of different types 
of meat protein on the stability of oil-in-water emul- 
sions, a highly significant correlation was found between 
protein surface activity and emulsion stability (452). 
In further studies, it was found that increasing the pro- 
tein concentration or oil phase volume increased the 
stability and viscosity of the emulsions, and that soy 
sodium proteinate gave greater stability than gelatin 
or sodium caseinate (453). 


Additional papers on the subject of emulsions are 
listed in Table XIV. 


Ointments and Creams-The formulation and rheol- 
ogy of some oil-in-water creams and an evaluation of 
the rheological properties of semisolids were reviewed 
by Barry (469, 470). Some semisolid lipophilic prepara- 
tions using white soft paraffin were examined by con- 
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tinuous shear and creep viscometry (471, 472). The 
creep curves were analyzed to estimate such parameters 
as storage and loss compliances, and the elastic prop- 
erties of the white soft paraffins were shown to influence 
the properties of the ointments made with them. The 
utility of this type of rheological examination of the 
ground state of semisolids was discussed in terms of 
correlation with sensory data for texture profile evalua- 
tion. Characterization of the viscoelastic properties 
of semisolid ointments and creams using nondestructive 
oscillatory testing was reported by Davis (473). Pre- 
sentation of the data as a “consistency spectrum” was 
recommended for pharmaceutical systems which could 
be applied directly to follow rheological changes in 
formulation, quality control, storage stability, radia- 
tion sterilization, and the action of mucolytic agents. 
The use of destructive oscillatory testing to  simulate 
the conditions of dermato1ogic;il usage of semisolid 
ointments and creams was also described (474). The 
first-order rate constant for the breakdown of visco- 
elastic structure under oscillatory shear was shown to be 
an important parameter in assessing consumer utiliza- 
tion of topical products. Modification of an apparatus 
and a method for its use in measuring the plasticity of 
ointment bases in terms of the surface covered by a 
standard volume of sample under influence of a specific 
force in a specific time were described (475). Statistical 
analysis of the results obtained from studies of various 
ointment bases showed the method to be sensitive 
enough to detect slight differences caused by only slight 
modifications in the composition. 


The effect of altering the relative amounts of ingre- 
dients present in a standard ointment base on the rheo- 
logical properties was studied; as a result, a composition 
with improved properties was obtained (476, 477). 
The rheological properties of ointment-based gels 
containing microcrystalline paraffin were found to 
depend on the concentration of the gel-forming solid 
phase and the nature of the liquid phase (478, 479). 
Evaluation of antibiotic ointments by three methods 
based on a gel diffusion test was discussed, with special 
emphasis on calculating values for the rate of anti- 
biotic release from the ointment (480). An investigation 
of the immobilization of the liquid phase in a starch- 
glyceryl -water hydrogel demonstrated the effect of the 
concentration and type of starch and the concentration 
of the plasticizer (glyceryl) on the binding capacity 
for water (481). It was also reported that relatively low 
temperature (75”) and long periods of heating or high 
temperatures and short periods of heating produced 
better gels than those prepared under more moderate 
conditions. Studies on flow crystallization from a melt 
showed that cetyl alcohol in liquid petrolatum forms a 
crystalline gel reticulum, but stirring the melt for 12 hr. 
with a high shearing velocity while cooling produces a 
liquid with ideal viscous flow behavior. Theoretical 
considerations of this mechanically disturbed system 
were described by Fuehrer (482). The release of tetra- 
cycline from petrolatum was found to be independent 
of the hydrophilic-lipophilic balance value as well as 
the rheological indexes of the bases and to be influenced 
by the presence of surfactants (483). However, the 
surfactants showed no effect on the stability of tetra- 


Table XIV-Additional References on Emulsions 


Reference Topic 


454 


455 


456 


451 


458 


459 


460 


46 1 
462 


463 


464 


465 


466 


461 


468 


Photomicroscopic method for evaluating particle 
size of liquid-liquid dispersions 


Effect of indifferent electrolytes on creaming of oil- 
water emulsions stabilized by long-chain quater- 
nary surfactants 


Rheological properties of concentrated emulsions 
based on 5 aqueous methylcellulose and hydroxy- 
propylcellulose 


Effectiveness of ethylpoly(oxyethy1ene) esters of 
fatty acids as emulsifying agents 


Stability of oil -water emulsions as a function of 
hydrophilic-lipophilic balance value 


Direct photomicroscopic observation of emulsion 
droplets under shear 


Emulsifier effectiveness of 22 systems found more 
dependent on concentration than on chemical 
nature of emulsfier 


Method for production of peppermint water 
Research methods used in the selection of an emul- 


sifier for an emulsion system 
Electron microphotographic study of gradual de- 


velopment of gel structures in oil-in-water emulsion 
systems 


Application of hydrophilic-lipophilic balance system 
to preparation of emulsions 


Influence of inorganic salt content on emulsifying 
properties of sodium lauryl sulfate 


Effect of prolonged ultrasonic irradiation on emul- 
sion systems stabilized with various surfactants 


Comparative efficiency of some lndian gums as emul- 
sion stabilizers 


Influence of phase-volume relationship of two im- 
miscible liquids on stability of emulsions stabilized 
by hydrophilic colloids 


cycline in the anhydrous ointments. The use of an 
electron microscope in assessing the dispersion of 
ointment bases was described (484). 


The advantages and limitations of improving the 
activity of high potency topical preparations, in  which 
the drug is in unusually low concentration, by dissolu- 
tion of the drug in a keratin-penetrating organic solvent 
and dispersion in the internal phase of an emulsion 
with a parafin ointment base were discussed by Senior 
(485), with a view that this method, demonstrated in  the 
corticosteroid field, may be of value with other topical 
agents. A study of the interaction of corticosteroid in 
antimicrobial agents used in topical therapy showed 
that the activity of fusidic acid and hamycin against 
some representative bacteria and yeast was markedly 
inhibited by hydrocortisone (486). The diffusion of 
atropine from four ointment bases containing water, 
alcohol, and dimethyl sulfoxide at  1, 2, and 5 concen- 
trations was determined to  be a zero-order process 
after 20 min. (487). The results indicated that, in some 
instances, the diffusion was affected by the concentra- 
tion of the liquid additive and the type of ointment base 
and that the rate constants appeared to correlate with 
the viscosities of each mixture. I n  a study on the effect 
of surfactants on the liberation of drug activity from 
ointment bases, it was found that the addition of hydro- 
philic surfactants increased the release of water-soluble 
citric acid from petrolatum ointment bases and de- 
creased the release of lipid-soluble salicylic acid, while 
hydrophobic surfactants produced the opposite effects 
(488). The transfer of citric and salicylic acids through a 
semipermeable membrane from lipid anhydrous oint- 
ment bases was found to depend on the kind of base 
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Table XV-Additional References on Ointments and Creams 


Reference Topic 


493 


494 


495 
496 
497 


498 


499 


500 
501 


502 


503 


504 


505 


506 


507 


508 


509 


Determination of factors affecting dispersion of coal 


Suitability of eye ointments containing drugs com- 


Rheological studies of suspension-type ointments 
Hydrogenated castor oil as an ointment base 
Comprehensive review classifying ointment bases and 


discussing their role in therapeutic evaluation of 
ointments 


Rheological studies of a 10% Ichthyol ointment 
containing 3 % methylcellulose 


Rheological studies of pharmacopoeia (USSR) oint- 
ment bases 


Rheological studies of 33% sulfur ointment 
Solution index of vaseline-emulsifier excipients giv- 


ing physically stable dispersions 
Resorption properties of some ointment bases con- 


taining Na131I 
Autosterilization of contaminated samples of oint- 


ments, observed occasionally, found dependent on 
the type of drug and the ointment vehicle 


Suitability of products from soapstock as an oint- 
ment base 


Experimental study of pH in ointments described in 
the Spanish Pharmacopeia IX 


Polyethylene gel found suitable for use in ophthalmic 
ointments containing pilocarpine hydrochloride 


Rheological study of oleaginous ointment bases con- 
sisting of bone fat, castor oil, and beeswax 


Formulations of hydrophobic and lipophobic pro- 
tective ointments 


Antiseptic ointment formulation based on tetra- 
donium, a quaternary ammonium compound 


tar and its color in ointments 


minuted in a vibratory apparatus 


and on the kind and concentration of acid (489). The 
highest transfer rate for citric acid occurred from 15- 
25% palm-kernel oil ointments, and the highest rate 
for salicylic acid occurred from 1% ointment using 
white petrolatum or palm-kernel oil. The highest release 
of ascorbic acid from the various ointments was shown 
by in uitro and in uiuo studies to occur when polyoxy- 
ethylene was used as a vehicle, but the vitamin was 
found to be unstable in all vehicles tested (490, 491). 
Sucrose esters as emulsifying agents in ointment bases 
were found to be generally useful; but certain sub- 
stances, particularly acids, were found to be unstable 
in the presence of the monoesters of sucrose (492). 


Other papers pertinent to the subject of ointments 
and creams are listed in Table XV. 


Suppositories-The drug release characteristics of 
sodium phenobarbital (sodium phenobarbitone) from 
various rectal suppository bases was evaluated by moni- 
toring the release of sodium ions through a dialysis 
membrane using a sodium-specific ion electrode ( 5  lo). 
The effect of lanolin alcohols and glyceryl monostearate 
on the release of aminopyrine (aminophenazone), 
methampyrone (noramidopyrine methanesulfonate), 
and carbostyril from cocoa butter suppositories was 
investigated (51 1). The increased drug release produced 
by emulsifiers was attributed to the decrease in surface 
tension. The lipophilic sorbitans (Spans) [alone or in 
combination with the hydrophilic polysorbates 
(Tweens)] were found to decrease the disintegration 
time and, hence, increase the release of aminopyrine 
(aminophenazone) from suppositories (5 12). The efficacy 
of spasmolytic and analgesic pediatric suppositories 
using fatty bases, as determined by in uitro and in uiuo 
studies, was also reported (513). 


The storage stability of suppositories based on poly- 
ethylene oxide was found to  be independent of molecular 
weight, but the breaking strength of the suppositories 
increased with the molecular weight ( 5  14). Some suitable 
suppository formulations based on polyethylene oxides 
of different degrees of polymerization were reported. 
A method for the coloration of suppositories by the 
means of lakes was described by Schrenzel and Hess 
(515). Milling of the organic pigments in a sand-grinder 
wascompared with other milling and dispersion methods. 
The effect of excipients on the properties of some ole- 
aginous suppository bases was noted (516, 517) and the 
properties of a number of glyceride excipients were also 
reviewed (518). 


Aerosols-Some of the interesting developments in 
containers and dispensing systems for aerosol products 
during the past few years were described by Dorland 
( 5  19). Other reviews of various technological aspects 
of preparing aerosol products included such subjects 
as aerosol propellant properties and their effect in 
products (520, 521), safety of aerosol propellants (522), 
physicochemical aspects of aerosol systems and their 
influence on product stability (523, 524), and recipes for 
aerosol formulations (525-527). The types of aerosol 
personal products which have been introduced were 
discussed, and hardware requirements necessary to 
develop new aerosol products were considered (528). 
The development of aerosol antiperspirant products, 
including many of the problems that were overcome, 
and the current basic formulation designs were reviewed 
by Rubino (529). The characteristics and mode of 
operation of deodorant and antiperspirant spray prep- 
arations and their effectiveness were also described 
(530). In a more specific case, the effect of moisture 
content, polarity, and particle size on the physical 
behavior of aluminum chlorhydroxide suspensions for 
aerosol antiperspirant formulations was discussed in 
relation to current theory (53 1). Various properties of 
silicones were described, and the beneficial effect of 
their incorporation in aerosol cosmetics was emphasized 
(532). 


The transformation of a simple aerosol face cream 
into a modern fruit cream involved a consideration of 
the various aspects of cosmetic aerosol manufacture 
and perfuming problems (533). Several requirements of 
a perfume designed for use in aerosols were discussed 
(534), and some reasons for investigating the stability 
of perfumed compounds in aerosol systems were out- 
lined (535). Aerosol formulations containing a stable, 
spray-dried, encapsulated fragrance were described and 
shown to release fragrance upon exposure to moisture 
under both in uiuo and in uitro conditions (536). It was 
shown that the release rate could be varied according to 
the liquid vehicle, the individual test subject, and the 
stimuli to which he was exposed. GLC was used to 
follow the stability of synthetic perfume compositions 
in the presence of ethanol and chlorofluorinated alkanes 
(537). Under conditions of the study, hydroxycitronellal, 
nonanal, and undecanal were transformed into diethyl 
acetals, but the 4-methoxybenzaldehyde and a-amyl- 
cinnamaldehyde remained unchanged. Stabilizing agents 
such as nitroparaffins, olefins, or thiols had no effect 
upon acetal formation, but 0.01% morpholine or o- 
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tolylbiguanide and 0.1 diphenylamine acted as 
inhibitors. In another study, addition of nitromethane- 
stabilized trichloromonofluoromethane to dichloro- 
difluoromethane was found to improve perfume sta- 
bility greatly in  aerosol systems and reduce corrosion 
ratings, but it was not effective for aldehydes and acetals 
(538). 


Aerosol formulations of five antinauseant dosage 
forms for oral inhalation were developed and their 
performance was evaluated (539). The results indicated 
that this type of an oral inhalation product was entirely 
possible and feasible. Centrifugation was used to deter- 
mine the number of equilibrium phases present in a 
system of water, mixed emulsifiers, and liquid propellant 
(540). Three different liquid phases and one liquid 
crystalline phase were observed. A new portable device 
for the administration of powdered drugs by inhalation 
was described (541). A study of its performance indi- 
cated agood degree of correlation of dose administration 
with inhalation into the inspired stream of air. 


Timed Release-One layer of a timed-release tablet 
containing proxyphylline and nitroglycerin was de- 
signed to contain a rapidly dissolving initial phase; 
the other layer, the depot phase, contained the proxy- 
phylline incorporated into the pores of an indigestible 
plastic skeleton of the matrix in  which nitroglycerin 
was dissolved. In uitro and in uiuo experiments showed 
that even though the loss of depot action for both drugs 
upon chewing of the tablet did occur, the nitroglycerin 
release was slow enough that no toxic side effects oc- 
curred (542). The bead polymerization technique for the 
preparation of timed-release dosage forms for oral 
administration was tested (543). Agglomeration of the 
polymer beads during manufacture was prevented by 
the addition of protective colloids or water and mono- 
mer insoluble inorganic powders. The technology for 
producing injection molded disks of epoxy resins soluble 
in gastric fluid and a crotonic acid-vinyl acetate co- 
polymer soluble in intestinal fluids was described, and 
the dissolution rate characteristics of the matrixes were 
found suitable for timed-release dosage forms (544). 
These disks did not keep a constant geometrical form 
during dissolution, so the determined dissolution rate 
deviated from the expected cube-root law. Encapsula- 
tion of lucanthone resinate by the coacervation tech- 
nique produced a more timed-release product and made 
possible its compression into tablets (545). Lucanthone 
was released at a first-order rate from both its encapsu- 
lated and unencapsulated resinates, but the calculated 
half-life was much higher for the encapsulated type. 
In uifro dissolution studies of gelatin coacervate 
microcapsules of sulfadiazine showed that first-order 
release characteristics were exhibited by all of the 
hardened materials (546). The dissolution of sulfa- 
diazine itself was indicated to be the controlling step, 
rather than the rate of diffusion through the micro- 
capsule wall. The in uitro diffusion rate of powdered 
progesterone-filled silastic implants in the uterus of 
of rabbits indicated that this type of capsule did not 
lend itself as a preparation for a sustained hormonal 
release (547). However, in another investigation, several 
steroids enclosed in a polydimethylsiloxane membrane 
exhibited in uitro release which followed Fick's law; 


but when implanted in experimental animals, absorption 
was increased by increasing the surface area regardless of 
membrane thickness (548). Several steroid hormones 
released from implants were considerably more effec- 
tive than when given in a one-a-day subcutaneous or 
oral dosage form. 


The in oitro dissolution behavior of some spray- 
congealed formulations of sulfamethizole prepared in a 
lipid-lipase matrix and compressed into tablets was 
studied in simulated fluids (549). The main portion of 
the drug was released through the hydrolysis of the 
substrate by lipase, and the amount of drug released 
after 1.5 hr. was dependent on the lipase activity. Four 
methods of preparing timed-release granulations were 
evaluated; a congealing method in which equal parts 
of sulfanilamide and melted retardant were mixed to 
give a uniform suspension, allowed to solidify, and 
then comminuted, was found to exhibit more retarda- 
tion of drug release in both alkaline and acid media than 
any of the other methods (550). It was also found that 
increasing the particle size from 500 to 1000 p sig- 
nificantly reduced the release rate due to a reduced 
total surface area of the larger particles (551). Studies 
of the variation in the type of dissolution retardant 
on the release pattern of sulfanilamide were also re- 
ported (552) .  Granulations made with spermaceti or 
cetyl alcohol using techniques of granulation, congeal- 
ing, and congealing in chloroform gave more rapid 
drug release in acid and alkaline pancreatin media than 
granulations made with hydrogenated castor oil or 
glyceryl tristearate. 


The release characteristics of caramiphen hydro- 
chloride and atropine sulfate from compressed tablets 
containing carboxypolymethylene (Carbopol 934) were 
determined by dissolution tests made in both simulated 
gastric and intestinal fluids (553). Evaluation of the 
data indicated that carboxypolymethylene (Carbopol 
934) may be a useful agent in  the preparation of 
timed-release drug forms. The release of sulfanilamide 
from long-acting tablets prepared by pressure molding 
(at three different pressures) of an admixture of lauric 
or palmitic acid or glyceryl monostearate was monitored 
potentiometrically in simulated gastric fluid for 10 hr. 
(554). The release of sulfanilamide with time was found 
to be linear, but the data for the three pressures studied 
were not significantly different. Apparently, even the 
lowest tableting pressure was sufficient to melt and fuse 
the components. The timed-release properties of tablets 
containing stearic acid appeared to increase with the 
increasing concentration of the hydrophobic material 
(555). In  further studies by the same authors, the effect 
of stearic acid and its glycerol esters on the release of 
drugs from prolonged-acting tablets was reported 
(556). The release rates of the retardants decreased in 
the following order: glyceryl monostearate > stearic 
acid > glyceryl distearate > glyceryl tristearate. 


Other references pertaining to timed release are 
listed in Table XVI. 


Cosmetics -The problem of microbiological con- 
tamination of many cosmetic products is a subject of 
increasing concern to the cosmetic industry. To make 
the literature references relevant to this critical problem 
more available, the subject of cosmetics has been divided 
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TaMe XVI-Additional References on Timed Release 


Reference Topic 


557 Description of a laboratory apparatus for produc- 
tion of timed-release granules by dispersion of a 
melted, active component into an immiscible 
liquid 


Comprehensive review of methods of prolonging the 
duration of action of drugs 


Investigation of pesticide-polymer combinations as a 
means of controlled release of a biodegradable 
pesticide over an appropriate time period 


Retardation of in Dirro dissolution rates of ephedrine 
hydrochloride and phenformin hydrochloride from 
tablets compressed with polyvinyl chloride 


Review of timed-release principle based on an inert 
plastic matrix 


Reduced xanthinol nicotinate release by the prepara- 
tion of tablets with sucrose monopalmitate and 
magnesium stearate as fillers and shellac as a 
binder 


558 


559 


560 


561 


562 


into the following subclassifications: microbiological 
contamination of cosmetics and aspects of formulation 
and technology of cosmetics. 


Microbiological Con tam ina t ion of Cosmetics- -A re- 
view of the problems of microbiological contamination 
of topical products by Bruch (563) pointed out the 
potential danger of causing serious infections and dis- 
cussed the efforts of the drug regulatory agencies and 
compendia to control the problem. I n  discussing the 
needs for microbiological testing of cosmetics, the types 
of testing required to assure the microbiological quality 
of the products were also presented (564). Various 
means of identifying, controlling, or eliminating micro- 
organisms which threaten cosmetic emulsions were 
described and included such areas as raw materials, 
equipment, environment and personnel, packaging 
and preservative systems (565). A method designed to 
simplify routine testing for microorganisms in cosmetics 
was divided into two phases: Phase 1 concerned only 
the enumeration of organisms present, and Phase 2 
involved the determination of the Gram characteristics 
and identification of the contaminating organisms 
(566). An investigation of the possible assimilation by 
various microorganisms of ingredients commonly 
used in the formation of cosmetic products demon- 
strated that mineral oil, oleyl alcohol, stearyl alcohol, 
propylene glycol, isopropyl myristate, 2-hexyldecyl 
myristate, oleic acid, and stearic acid were utilized 
as the sole sources of carbon by most of the test orga- 
nisms. The following materials were not utilized by 
the organisms: solid paraffin, multiwax, camellian, 
squalane, silicones, hexadecyl alcohol, polyethylene 
glycol, and di(2-hexyldecyl) adipate (567). 


Boehm and Maddox (568) reviewed the activity of 
preservatives in a number of typical cosmetic products, 
with emphasis on the effectiveness of a liquid preserva- 
tive mixture based on the esters of p-hydroxybenzoic 
acid in protecting cosmetics against a wide range of 
microorganisms. In addition to the usual capacity test 
for preservatives, they recommended a modified test 
claimed to represent the repeated contamination of 
cosmetics in actual use. Daily applications of a mixture 
of labeled hexachlorophene and triclocarban in a soap 
vehicle showed that the amount remaining on the skin 
after rinsing accumulated and appeared to approach an 


Table XW-Additional References on Microbiological 
Contamination of Cosmetics 


Reference Topic 


575 


576 


577 


578 
579 


580 
581 


582 


Suggested limit on microbial content for cosmetics 
and measures necessary for compliance 


Measures necessary to ensure marketing of sterile 
ophthalmic solutions 


Studies of 7-radiation sterilization of contaminated 
organic pigments in eye cosmetics and face powders 


Significance of pseudomonads in cosmetics 
Extensive new efforts and developments required for 


microbial control in the cosmetic industry 
Review of microbiology of cosmetics 
Review of preservatives used in cosmetics and dis- 


cussion of contamination sources 
Factors to be considered in formulating an oint- 


ment with a preservative 


equilibrium after the fourth application (569). These 
data were offered as a possible explanation of the ob- 
servation that the effect of antibacterial soap on the 
microflora of the skin is related to the number of ex- 
posures. The physicochemical, antimicrobial, and toxi- 
cologic properties were reported for a new bacteriostat, 
2,4,4’-trichloro-2’-hydroxydiphenyl ether, used in skin- 
care products (570, 57 1). Phenylethanol was found to 
enhance the effect of benzalkonium chloride on growing 
cultures of Pseudomonas aeruginosa, and a similar 
effect was shown for chlorobutanol, chlorhexidine 
diacetate, chlorocresol, thimerosal (Merthiolate), methyl- 
and propylparabens mixture, and phenylmercuric ni- 
trate (572). A series, updating information on preserva- 
tives previously reviewed, was completed by Gucklhorn 


Additional articles in the area of microbiological 
contamination of cosmetics are listed in Table XVII. 


Aspects of Formulation and Technology of Cosmetics- 
In a series of articles, Gucklhorn (583-586) discussed 
various aspects of cosmetic formulation and manu- 
facture such as filling trials, pilot plant scale-up factors, 
bulk handling problems, and principles of emulsion 
production, with the goal of describing some common 
errors and wasteful techniques that can be avoided. 
By use of a proposed skin-feel index, it was found 
impossible to quantitate the skin feel of cosmetics (587). 
Correlation of this index with the effects of molecular 
weight, oiliness, polarity, unsaturation, and chain 
branching was studied for 85 cosmetic emollients, and 
some definite trends were observed. However, in a 
separate study, no correlation was found between the 
spreading of various oils on water (as represented by 
the spreading coefficients) and the spreading on human 
skin (588). It was also not possible to draw any con- 
clusions from the spreading values as to the emulsion 
behavior of the oils. A study of myristyl stearate and 
isopropyl isostearate for cosmetology purposes showed 
a behavior similar to the dermal pharmacology of the 
well-known isopropyl myristate and isopropyl palmitate 
(589). A review of ethoxylated fatty acid amines in 
ethylenimine polymers used as emulsifying agents in 
skin-softening preparations included a discussion of 
their physical and chemical properties (590). The phase 
inversion temperature system, a guide to surfactant 
selection, was applied to polyoxyethylene alkyl ethers, 
and the effect of distribution of ethylene oxide chain 


(573, 574). 
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lengths and surfactant concentration on the phase 
inversion temperature was described (59 1). A relation- 
ship was also given which can be used in estimating 
phase inversion temperature for the practical production 
of an emulsion. 


One factor affecting the water absorption properties 
of lanolin was shown to be the presence of soap or 
detergent, and a method for determining low concen- 
trations (>0.04%) of five nonionic detergents of the 
ethoxylated alkyl phenol or ethoxylated linear alcohol 
type in lanolin or centrifuged wool grease was described 
(592). The bulk removal of these detergents from lanolin 
and wool grease by extraction with 45 isopropanol 
was demonstrated. The factors affecting the rates and 
extent of penetration of agents into the skin were re- 
viewed and found to be dependent primarily on the 
physical-chemical properties of the penetrant and 
secondarily on such factors as pH, concentration, 
particle size, and vehicles (593). The penetrant was also 
influenced by physiological variables such as the intact 
or injured condition of the skin, the skin age, the area 
of the skin involved, and the blood flow to that area. 
Some aspects of the role of skin appendages in percu- 
taneous absorption were the subject of a review, which 
indicated that skin appendages formed the major 
absorption pathway for brief but variable periods 
immediately after percutaneous application of the 
test substance (594). After this, the absorption occurred 
mainly through the stratum corneum. Active transport 
did not appear to be involved in absorption aiu the 
appendages. Examination of the terms used to depict 
emulsion behavior indicated that use of some of the 
terms was unwarranted, and an attempt was made to 
describe substitute terms which would better represent 
the stability behavior of an emulsion (595). Increasing 
thermal disorder with the rise of temperature was de- 
scribed as the basic characteristic of the solid state of 
all fatty chain substances (596). This property is re- 
sponsible for their polymorphism and is closely related 
to the interaction with water of all those lipids contain- 
ing free polar groups. 


The unique properties of colloidal polymer micro- 
crystals as suspensoids in water, water-miscible organic 
solvents, and oleaginous media were reviewed by Bat- 
tista (597). Unhinged polymer microcrystal dispersions 
made from the following polymer precursors were de- 
scribed: celluloses, amyloses, chrysotile mineral sili- 
cates, collagens, polyamides, polyesters, and polypro- 
pylenes. The effects of the presence of polymers and 
micellar surfactants on the rates of photochemical 
reaction involving many coloring agents and drugs were 
discussed, and examples were presented to illustrate the 
involvement in  photoreduction, photooxidation, coupled 
oxidation--reduction, photodimerization, and triplet- 
triplet energy transfer reactions (598). A comprehensive 
review of surface-active sugar esters, a class of sub- 
stances suitable for cosmetics, by Gerhardt and Lieb- 
scher (599-602) included synthesis and purification 
methods, physicochemical characteristics, cosmetic and 
pharmaceutical uses, and biological decomposition. 


Other papers related to aspects of formulation and 
technology of cosmetics are listed in Table XVIII. 


Packaging Guidelines for single-unit packages of 


Table XVm-Additional References on Aspects of Formulation 
and Technology of Cosmetics 


Reference Topic 


603 
604 


605 


606 
607 


608 


609 
610 


611 


612 


61 3 


614 


61 5 


616 


617 


618 


619 
620 


621 


622 


623 


624 
625 


626 


621 


628 


Review of fatty bases for cosmetic creams 
Review of physical chemistry of emulsion stability 


and suggestions for simple quality control tests 
Properties of silicones and their uses in cosmetics 


and pharmaceuticals 
Potential uses for anabolic steroids in cosmetics 
Review of properties and uses of white mineral oils 


for cosmetics 
Mechanisms of gas bubble formation in cosmetics 


and suggestions of some possible remedies 
Discussion of certified color additives for cosmetics 
Review of action on the epidermis, active agents used, 


and manufacture of pharmaceutical and medicinal 
soap 


In oioo study of interaction of ionic surfactants with 
human epidermis using a bioelectrometric tech- 
nique 


Hexachlorophene-induced changes in electrical re- 
sponse specificity of human epidermis for sodium 
and potassium ions 


Review of properties and uses of ampholytic sur- 
factants 


Use of some natural and synthetic phosphoric acid 
esters as emulsifiers in dermatocosmetic prepara- 
tions 


Discussion of properties and possible applications of 
licorice root derivatives in cosmetic products 


Review of composition and mode of action of hair 
lotions 


Description of physical properties and attributes of 
585 Cosmetic Liquid for use in cosmetic formula- 
tions 


Use of polyethylene glycols, fatty acid esters, iso- 
propyl alcohol, ethanol, phytoestrogens, p-hy- 
droxybenzoates, and algins in cosmetic applica- 
tions 


Use of eosinic acids in cosmetic industry 
Description of hexadecyl alcohol as an emollient in 


clear hydroalcoholic products 
New allantoin derivatives for cosmetic and dermato- 


logical use 
Discussion of pharmacological and cosmetic prop- 


erties of hydrogenated lanolin 
Ampholytic surfactants with a betaine structure and 


their use in deodorant products 
Utility of Veegum in eye makeup formulations 
Discussion of guar gum, its properties and applica- 


tions 
Discussion of reasons for change from natural to 


synthetic polymers in some cosmetic products 
Review of carnauba wax and its amended specifica- 


tions in the German Pharmacopeia 
Use of Irgasan D P  300 in personal deodorant aerosol 


products 


drugs were presented to encourage manufacturers and 
packagersto develop new packaging ideas and techniques 
(629). An investigation of the design and testing of 
safety packaging for the prevention of accidental poison- 
ing in children was described (630). By considering the 
requirements for more testing and the problems in- 
volved, a need for more action was pointed out. The 
field of plastics in  packaging during the past decade 
was reviewed by Briston (631). The quality control of 
high density polyethylene bottles for pharmaceutical 
products, together with governmental and nongovern- 
mental packaging requirements and proposals, was 
reviewed and discussed (632). After extended storage 
conditions of varying temperature and container size, 
the loss of chlorobutanol from polyethylene bottles 
was found to be slight in  refrigerated solutions, mod- 
erate in solutions stored at  room temperatures, and 
excessive in solutions stored at elevated temperature 
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Table XIX-Additional References on Packaging 


Reference Topic 


645 


646 
641 


648 


649 


650 


651 


652 


653 


654 


655 


Accelerated testing for drug permeability in poly- 
ethylene, polypropylene, and polystyrene con- 
tainers 


Light transmission of colored glass containers 
Review of permeability of plastic packaging materials 


to gas, water vapor, radiation, and bacterial pene- 
tration and sorption phenomena 


Study group report on hydrolytic resistance of 
pharmaceutical glass containers 


Description of use of films and laminates in packag- 
ing pharmaceuticals and cosmetics 


Prediction of loss of drug weight in plastic container 
by use of permeability coefficients 


Discussion of absorptive drying of air in packages 
with solid drying agents 


Review of corrosion in drug industry, including 
attack of plastic containers by pharmaceuticals 


Review of permeability of plastics used in packaging 
and microencapsulation of pharmaceuticals 


Problems associated with the various methods of 
printing and decorating packaging materials 


Effect of water permeability of container on tablet 
stability 


(633). In addition, it was found that the smaller the 
container, the greater the loss of chlorobutanol. Poly- 
vinyl chloride was found to  be a suitable plastic con- 
tainer for packaging syrups, liniments, and nasal 
solutions when examined in terms of its properties of 
permeability and chemical resistance (634). Irradiation 
sterilization of water for injection in polyethylene 
ampuls was reported to differ in hydrogen peroxide, 
dissolved oxygen, oxidizable matter content, and pH 
from water sterilized in glass ampuls (635). However, 
no differences in the biological effects of the solution 
were found. 


Differences in the potassium and sodium extracted 
from vials of injectable solutions [ 10% glucose, 5 % 
meperidine (Pethidine), 20 % theophylline, and water 
for injection], when heated in an autoclave at 121" 
for 20 min., were detected by flame photometry (636). 
There appeared to be a correlation between the mean 
values of potassium and sodium extracted and the 
size of the various glass containers. Other studies showed 
that 10-fold sterilization in an autoclave at 120" for 
30 min. had no harmful effects on the glass quality 
of the infusion bottles (637); but a comparison of the 
effects of two infusion solutions, 0.9% saline and 5 %  
glucose, on the surface resistance of the glass during 
sterilization showed a considerably greater manifestation 
of surface attack on the glass in the presence of saline 
(638). Procedures for washing parenteral glass con- 
tainers, which included a rinsing step of either a hydro- 
fluoric acid solution or ammonium bifluoride solution 
in the washing cycle, were reported by Hinson (639) 
to increase the effectiveness for removing particulate 
matter and enhance the chemical resistance of the glass. 


Several authors discussed the following subjects 
related to  packaging aerosols: evaluation of poly- 
propylene aerosol bottles containing fluorocarbons 
and ethanol (640), evaluation of the corrosion of alu- 
minum aerosol containers packed with ethyl alcohol- 
chlorofluorocarbon systems (641), accelerated aerosol 
stability tests (642), special fitments for pharmaceutical 


aerosols (643), and various causes of aerosol valve 
failure (644). 


Other articles related to  packaging are listed in Table 
XIX. 


Equipment-Progress in pharmaceutical engineering 
was comprehensively reviewed by Fowler (656). The 
topics discussed included size reduction, solid-solid 
separation, particle characteristics, solids handling, 
solids mixing, powder compression, and freeze drying. 
A series of articles designed to provide a broad view of 
various processing techniques and of the equipment 
available, together with typical examples of their use in 
manufacturing pharmaceuticals and cosmetics, was 
presented by McDonald (657-665). He discussed the 
following unit operations : mixing and blending (657), 
micronization (658), separation and filtration (659), 
molecular distillation (660), metering pumps (661), 
controlled powder feeding (662), grinding (663), mem- 
brane filtration (664), and dust control (665). A system 
for automatic monitoring and control of an entire 
tablet-coating procedure was thoroughly described 
(666). 


Instrumentation was described which provides a 
quantitative measure of granule-crushing strength for 
use in studies of granule strength as a formulation 
factor (667). A detailed evaluation of an instrumented 
pilot plant lyophilizer was found to  be almost essential 
in the development of optimum lyophilization cycles 
for production equipment (668). The effects of process 
variables such as binder solution addition rate, air 
pressure to  the binary nozzle, inlet air temperature 
during the granulation cycle, and binary nozzle position 
with respect to  the fluidized soIids in a fluidized-bed 
granulation technique were investigated (669). It was 
found that an increase in the rate of addition of the 
aqueous binder solution to  the fluidized bed of powders 
enhanced the ability of the solution to  wet and pene- 
trate the solids and resulted in a larger average granule 
size, a less friable granulation, a more fluid granulation, 
and a decreased granulation bulkiness. The effect of the 
other process variables was also described. An apparatus 
suitable for the size analysis of certain pressurized 
sprays by air sedimentation was described, and the 
effect of formulation variables on the sizing of some 
powder and liquid sprays was reported (670). 


Other references related to  equipment are listed in 
Table XX. 


PHYSICAL PHARMACY 


Seven different solid phases of fluprednisolone were 
characterized by IR spectra, X-ray diffraction, melting 
points, densities, heats of fusion, and heats of solution 
measurements (678). The existence of two low tem- 
perature forms of sulfathiazole was confirmed by the 
X-ray diffraction patterns and IR spectra. Since both 
these crystal forms are present in many commercial 
samples, the author expressed doubts regarding the 
previously published solubility studies on the drug 
(679). Polymorphic forms of sodium ampicillin prepared 
upon recrystallization from various solvent mixtures 
were identified, and it was shown that the most stable 
crystal form was obtained from a dioxane-water crystal- 
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Table XX-Additional References on Equipment 


Reference 


67 1 


67 2 


673 


674 


675 


676 


677 


Topic 


Evaluation of jet grinders to control particle size in 


Evaluation of mixing effect of a fluid-bed spray gran- 


It? cirro dissolution rate apparatus designed to mimic 


Description of a fluidized-bed apparatus and its 


Description of a vortical drier using vitamin prepara- 


Detailed technical description of pneumatic and 


Methods and machinery for crushing, grinding, or 


a fluidized-bed denitrator 


ulator 


human digestion and absorption 


evaluation 


tions 


mechanical methods of transporting solids 


comminution of pharmaceutical materials 


lizing solvent (680). The solubility and transition tem- 
peratures of two crystal forms of adiphenine hydro- 
chloride were reported (68 1). A differential scanning 
calorimetry study dealt with the phase transition tem- 
perature and enthalpy of fusion determinations of 
various alkali metal stearate samples with different 
thermal histories. Rubidium and cesium stearates 
were shown to be less sensitive to thermal history than 
the sodium and potassium salts (682). The use of the 
term polymorphism to describe solid forms of aspirin 
which differ in their melting points, heats of fusion, 
densities, and dissolution rates was questioned (683). 
Further clarification on this subject suggested that the 
observed differences in these physical properties of as- 
pirin may be due to polymorphism, crystal habit, or 
crystal defects (684). The structural differences in 
solution derived from two polymorphic aspirin forms 
were demonstrated through pKa values determined in 
dimethylformamide. The pKa differences were ascribed 
to differences in  intra- and intermolecular hydrogen 
bonding of the solute (685). 


Solvate formation of chloramphenicol and its applica- 
tion to size reduction were investigated by thermal analy- 
sis of the crystalline drug solvates. The drug-pyridine 
( 1  : 1) solvate was shown to be the most suitable solvate 
for size reduction, since it yielded about 3.0 m.2/g. 
specific surface area upon desolvation. For this solvate, 
a heat of desolvation value of 6.3 + 0.5 kcal./mole and 
an activation energy value of 20.6 f 1.6 kcal./mole 
were estimated (686). Factors influencing the particle 
size of the sulfadiazine produced by a solvent change 
(microprecipitation) method were studied. The most 
important variables appeared to be the degree of tur- 
bulence in the pipeline mixer equipment and the con- 
centration of the drug in the injection solution (687). 
A microcrystallization method applicable to drugs with 
greater solubility in  glycerin than in water was utilized 
for aspirin, mebutamate, and quinine sulfate. In this 
method, the hot saturated solution of the drug in glyc- 
erin, while being rapidly stirred, was diluted with cold 
water. Approximately 80-90 of the crystallized drug 
particles were below 10-p dimensions (688). 


Experimental microscopic observations of the aspirin 
crystal growth from a saturated ethanol solution sug- 
gested that the step system is the normal process of 
growth. Two-dimensional spherulites transformed upon 
heating at lO"/min. into crystals melting at 125" (689). 
Reversible sorption of the water molecules by the di- 


sodium cromoglycate crystals resulted in noticeable 
changes in the X-ray diffraction pattern, density, and 
other physical properties. Above 93 % relative humid- 
ity conditions, the crystal structure collapsed, with the 
formation of a lyotropic mesophase (690). The kinetics 
of crystallization of potassium bromide from aqueous 
solution were studied under different degrees of super- 
saturation and at different temperatures. The activation 
energy for the crystallization process was estimated to 
be 100.9 kJ. mole-', indicating that the rate-limiting 
step was the incorporation of the potassium bromide 
on the crystal lattice (691). Crystallization of calcium 
carbonate from supersaturated solutions showed an 
initial growth surge due to additional nucleation at the 
seed crystal surface and in the bulk of the solution. 
After the initial surge, the rate of crystallization was 
proportional to the product of calcium- and carbonate- 
ion concentrations (692). 


Flynn and Smith (693) designed and tested a new 
multifeatured diffusion cell. The cell has a high difTu- 
sional area to diffusional volume ratio, precisely con- 
trolled stirring planar with the diffusional plane, var- 
iable speeds, facile assembly, and other desired features. 
By using microscope slides for the diffusion grating, a 
glass diffusion cell was constructed for the determina- 
tion of absolute diffusion coefficients of y-ray emitting 
elements in aqueous solutions (694). The diffusivity of 
p-aminobenzoic acid in methylcellulose gels was studied 
as a function of polymer type, molecular weight, con- 
centration, and added inert solids. Diffusion data mea- 
sured as release of the drug from gels separated from 
aqueous vehicles by a Millipore membrane were fitted 
to square root of time functions to calculate the apparent 
diffusion coefficient values (695). Diffusion mechanisms 
in solid and molten polyethylene were investigated for 
small molecules like propylene, butane, and neopen- 
tane. The diffusion data showed an exponential tem- 
perature dependency, with an abrupt change occurring 
at  the melting point of the polymer (696). Based on the 
dissolution rate theory, diffusion coefficients for the 
salicylamide-micelle species were calculated from 
dissolution and solubility data; by using the Stokes- 
Einstein equation, the molecular weight of the micelle 
also was estimated. These values were shown to be in 
good agreement with the values determined by con- 
ventional methods (697). 


The importance of the partition coefficient as a 
meaningful and convenient physical phenomenon to 
match against biological activity was emphasized. The 
structural relationships between a large number of 
steroids and their ether-water partition coefficients 
were explored, and Hansch-like re values were estimated 
for a number of functional groups. The data allow 
calculation of partition coefficients of substituted 
steroids from stripped steroid skeletons (698). Par- 
titioning of the antimicrobial drug phenylmercuric 
nitrate in a gelatin-acacia coacervate system was deter- 
mined by the antibacterial action of the drug. The 
method seemed sensitive for the partitioning studies at 
microgram drug levels found in physiologic systems 
(699). A general role of the partitioning phenomena in 
the dosage form design and biopharmaceutical systems 
was discussed (700,701). 
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Table XXI-Additional References on Physical Pharmacy 


Reference Topic 


708 


709 


710 


711 


712 


713 


714 


715 


716 


717 


718 


Review describing membrane transport, sustained 
release, dissolution and solubility, surface interac- 
tions, complexation, polymorphism, and drug sta- 
bility 


Discussion of about 40 crystalline compounds with 
variations in therapeutic effect due to polymor- 
phism 


Potentiometric determination of the acid dissociation 
constants of barbiturates; correlations between 
normal and methylated barbiturates 


General discussion on crystallization process, crystal 
growth, nucleation, and crystal habit modifications 


Crystal growth of salicylic acid examined in the dry 
powder state and ih ointments after prolonged 
storage 


Mechanistic studies of linear single crystal growth 
rates of sulfathiazole and their inhibition by poly- 
vinylpyrrolidone; preparation and dissolution of 
high energy sulfathiazole-polyvinylpyrrolidone 
coprecipitates 


Phase diagram of cetomacrogol 1Wwater-benzal- 
dehyde in the presence of gallate antioxidants 


Pore size effect in the, freeze-drying process; drying 
rates related to the basic transport properties, 
thermal conductivity, and pore structure 


Use of diffuse reflection spectra to determine the 
specific surface of powdered substances;, a linear 
dependence of the Kybelka-Munk reflection func- 
tion found with the specific surface of strongly 
absorbing substances 


Description and application of scanning electron 
microscopy in surface studies 


Surface studies by electron diffraction including 
theoretical interpretation of the diffraction in- 
tensity and discussion of problems in analysis of 
surface structures, particularly at low energy 


The surface free energy values as parameters were 
considered in the prediction of adhesive bond strengths 
developed by the film coat on a tablet. These parameters 
included estimation of critical surface tension by the 
Zisman technique and calculation of operative dis- 
persion and polar force components of the surface 
free energies of liquids and solids. On the basis of the 
free surface energy components, it was possible to  
explain the strength of the adhesive bond and the 
qualities of the tablet film coating (702). A review relat- 
ing lubrication to the properties of surface-active com- 
ponents in forming lubricating boundary layers and 
dispersant was presented (703). Determination of the 
disintegration rates of tablets after exposure to reduced 
pressure environments seemed to confirm the capillary 
theory of tablet disintegration (704). Disintegration 
studies in water and in butanol solvents at various 
temperatures indicated that the disintegration was not 
related to the swelling process (705). 


Rates of water vapor sorption by granular cornstarch 
were measured gravimetrically. At lower moistures, the 
sorption occurred by intragranular diffusion ; at higher 
moisture content, the controlling factor was believed 
to be the dissipation of the heat of sorption, In evaluat- 
ing the intragranular diffusion coefficient for water in 
starch, it was suggested to consider the heat of sorption 
effect along with particle dimensions, swelling, and 
variable diffusivity (706). A method for the determina- 
tion of absolute vapor pressures of volatile drugs and 
drug-adjuvant mixtures was reported. The absolute 
vapor pressures of methamphetamine, propylhexedrine, 


and eucalypt01 were determined over a range of tem- 
peratures. These vapor pressure results were shown to 
correlate with the concentration emerging in the air 
stream from a nasal inhaler (707). 


Table XXI lists additional references on physical 
pharmacy. 


Dissolution-A mathematical approach for the com- 
putation of the temporal variation of pharmacological 
response intensity from the in uitro drug release testing 
that is functionally related to the in uiuo drug availability 
was described (7 19). Occurrence of progressive changes 
in the radius of a spherical particle upon dissolution or 
growth was calculated by the numerical computer 
integration of a differential equation. The effects of 
high mass flux, change of solubility with particle size, 
and change in solution concentrations can all be ac- 
counted for during the integration process (720). The 
dissolution rates of 7-acetyltheophylline pellets were 
studied in aqueous buffers. This compound hydrolyzed 
irreversibly in aqueous solution during the dissolution 
process. Theoretical considerations based on Krevelen's 
treatment of the rate of gas absorption by a liquid, 
where the gas reacts irreversibly with the liquid, agreed 
with the experimental results. According to the theo- 
retical and experimental findings, dissolution rates 
were shown to be influenced only when the chemical 
reactions occur at a much faster rate, with the half- 
lives less than the order of 0.1 sec. (721,722). 


Dissolution rates of 2-naphthol in nonaqueous mixed 
solvent systems were investigated by Dayal (723) to 
explore the influence of specific solvation reactions on 
the diffusion coefficient term in the Noyes-Whitney 
dissolution rate equation. Theoretical considerations 
of the mechanism of fluoride uptake by hydroxyapatite 
from acidic fluoride solution and a physical model 
for the formation of the CazFG layer at the solid interface 
were presented (724). The kinetics and mechanisms of 
reaction at  the tooth enamel surface in buffered solu- 
tions of high fluoride concentrations were determined. 
The mechanism of the reaction was explained on the 
basis of simultaneous diffusion, ionic equilibria, and 
the chemical equilibrium at the moving boundary (725). 
The dissolution rates of magnesium oxide pellets in 
dilute sulfuric acid were determined using the rotating- 
disk technique. Activation energies of 3.6 kcal. mole-' 
for the diffusion of hydrogen ion to  the oxide surface 
and of 13.0 kcal. mole-' for the chemical reaction at the 
oxide surface were estimated (726). 


The in uitro dissolution rates of the six crystalline 
phases of fluprednisolone compared favorably with the 
in uiuo dissolution rates from pellet implants in rats, 
but only a fair correlation was obtained with the animal 
weight loss and adrenal gland atrophy (727). A solvent- 
mediated phase transformation of aspirin crystals to a 
less soluble crystal form was observed during the dis- 
solution process in aqueous media.' The kinetic and 
thermodynamic parameters of the two crystal forms 
were determined using a rotating-disk method (728). 
Dissolution characteristics of four polymorphic forms 
of phenobarbital (phenobarbitone) were examined; 
of these, two forms seemed to  have equivalent dissolu- 
tion rates (729). 
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In  a review article (730) and several other publica- 
tions (73 l-733), Chiou and his coworkers described 
solid -solid fast-release dispersion systems and their 
methods of preparation, classifications, stability, and 
in uitro---in uiuo drug release characteristics. Some of the 
systems described were sulfathiazole-urea, chloram- 
phenicol-urea, and griseofulvin- polyethylene glycol 
polymers. A similar type of approach was applied to 
convert liquid drugs into solids by their dispersion in  
polyethylene glycol 6000 (734). Solid-solid interactions 
of polyvinylpyrrolidone with hydrochlorothiazide, 
salicylamide, sulfaethidole (sulfaethylthiadiazole), re- 
serpine, and griseofulvin were studied by diffuse re- 
flectance spectroscopy, solubility, and dissolution rate 
measurements. The results suggested primarily occur- 
rence of physical adsorption of these drugs onto poly- 
vinylpyrrolidone (735). Release rates of hydroxy and 
amino derivatives of benzoic acid compounds from 
polyvinylpyrrolidone tablets were studied. The number 
of hydroxyl groups, their position with respect to the 
carboxyl group of benzoic acid, and the tablet com- 
pression force were shown to have significant influence 
upon the drug release rates (736-738). Enhanced solu- 
bility and antitumor activity of the drug acronine 
(acronycine) were obtained with the drug-polyvinyl- 
pyrrolidone coprecipitates (739). Physicochemical 
parameters of a polymer system were evaluated to 
elucidate their effects on the dissolution of polymer 
and polymer-drug systems. The systems consisted of 
four molecular weight fractions of the free acid pre- 
pared from the copolymers of ethylene-maleic anhy- 
dride and three polymer-drug interaction systems using 
phenylpropanolamine as the drug. The effects of swell- 
ing, molecular weight, and pH on the dissolution of the 
polymer as well as polymer-drug pellets were studied. 
Possible application of such systems for regulating 
dissolution characteristics of dosage forms was sug- 
gested (740). 


The timed-release rates of drugs from methyl acry- 
late--methyl methacrylate copolymer matrix tablets 
were evaluated as a function of drug concentration, 
compressional force, heating, and exposure of the 
tablet surface to acetone vapors. Release rates were 
slower from the tablets exposed to acetone vapors, 
primarily due to an increase in  the tortuosity of the 
matrix (741, 712). Kelease characteristics of a steroid 
drug in solid form dispersed in a silicone elastomer 
matrix showed an initially linear and then a square root 
of time dependent release rates. The concentration and 
particle-size effects on the duration of the linear release 
suggested that the release was a dissolution- rather than 
diffusion-controlled process (743). A correlation be- 
tween the in oifro release rates of aspirin from wax- 
coated formulations determined in  the simulated in- 
testinal fluid and simulated gastric fluid and the 
melting point of the wax was reported (744). Relative 
iii uirro release rates of drugs from inert matrixes of 
various glyceryl esters of higher fatty acids were com- 
pared (745-747). 


Dissolution characteristics of methylprednisolone 
were improved by !.yophilization in the presence of a 
small quantity of polysorbate 80. This finding was 
attributed to the increased surface area and improved 


wettability of the drug (748). Certain relatively insoluble 
drugs, when adsorbed on the surface of an inert ex- 
cipient such as fumed silica by equilibration in an or- 
ganic solvent, showed faster rates of dissolution. The 
drugs studied included indomethacin, aspirin, sulfa- 
ethidole (sulfaethylthiadiazole), griseofulvin, reserpine, 
chloramphenicol, oxolinic acid, and h ydrochlorothiazide 
(749). Inhibition of dissolution rates of sulfathiazole 
and diethylstilbestrol crystals by certified water-soluble 
dyes was shown to be consistent with the previous 
results, which had suggested preferential adsorption 
of the dye at  the drug crystal surface (750). In the case 
of diethylstilbestrol, cationic dyes were shown to be 
more reactive than anionic dyes (751). 


An automated potentiometric titration technique 
for the determination of in uitro dissolution rates of 
acidic and basic drugs was described by Shah (752). 
Many common tablet excipients did not seem to inter- 
fere with the titration assay. The results obtained by the 
titration method were confirmed by other analytical 
tests. The construction of an automated USP XVIII- 
N F  XI11 Method I apparatus, with the capability of 
monitoring six dissolution tests simultaneously, was 
reported. The system utilizes a commercial spectro- 
photometer designed to analyze six test samples at  
programmed time intervals (753). Dissolution rates of 
aspirin, chloramphenicol, niacin (nicotinic acid), oxy- 
tetracycline hydrochloride, phenacetin, phenobarbital, 
prednisolone, sulfadiazine, and diphenylhydantoin 
(phenytoin) were evaluated by an automated spectro- 
photometric method (754). Manual and automated 
procedures were employed in the assessment of dissolu- 
tion rates of sulfonamides. Comparable results were 
obtained by both procedures, with a lesser degree of 
variability observed upon repeated runs by employing 
the automated method (755). Dissolution rates of 
dicumarol tablets were determined using an Auto- 
analyzer. By using this method, it was demonstrated 
that the tablet disintegration did not correlate with 
the dissolution rate (756). 


In  a previously reported three-compartment dissolu- 
tion test apparatus, a barrier was placed in  the dissolu- 
tion medium to prevent drug particles from entering 
directly into the lipid “sink” phase. It was demonstrated 
that the solid particles do not enter and dissolve into the 
the lipid phase due to the presence of the aqueous layer 
around them (757). In  a subsequent study using this 
apparatus, the effects of different pore-size screens, 
membrane barriers, propeller placement, rate of liquid 
agitation, temperature, and surfactant were studied in 
relation to the rate of transport of the dissolved drug 
into the “sink” phase (758). Equations were derived 
for the system in which the drug dissolved in the 
aqueous phase and transferred into a lipid phase 
may transfer back into the aqueous phase. Based on 
these equations, it was shown that the “perfect sink” 
conditions are met only when there is negligible buildup 
of drug in the aqueous phase and the drug does not 
transfer back into the aqueous phase (759). The kinetics 
of dissolution for a nondisintegrating sodium chloride 
tablet were evaluated in seven different types of dis- 
solution apparatus. The results were used to assess 
experimental reproducibility and to examine adherence 
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Table XXII-Additional References on Dissolution 


Reference Topic 


762 


763 


763 


765 


766 


767 


768 


769 


770 


771 


772 


773 


Preparation of enterosoluble sustained-release pills 
by drug dispersion in synthetic resins 


Dissolution of phenobarbitone from gelatin rnicro- 
pellets and the effect of pH on release rates 


Release of sulfa drugs from various ointment bases 
determined by dialysis through different mem- 
branes and by agar diffusion tests 


I i t  rirro sustained-release rates of chlorpromazine 
from an insoluble chlorpromazine-polysalt com- 
plex in simulated GI fluids did not correlate with 
in cico results 


Mechanism for dissolution of a polyphase mixture of 
a drug and hgdrophilic polymer; effect of physio- 
logic components and synthetic substances on 
wetting and dissolution rates of powdered drugs 
and development of an appropriate dissolution rate 
methodology 


Review of drug release from suppositories and rectal 
absorption 


Release rates of salicylates from cocoa butter under 
simulated in ciro test conditions 


Dissolution of aluminosilicates in hydrochloric acid 
solutions; dissolution rates of cations and change in 
specific surface area of residues 


Automated spectrophotometric recording of dissolu- 
tion rates directly in terms of percentage dissolu- 
tion rersiis time 


Dissolution rates of sodium salicylate tablets moni- 
tored by sodium-ion-selective glass electrode 


Conductometric method for determination of dissolu- 
tion rates of tablets 


Examination of dissolution profiles of chloram- 
phenicol capsules and tolbutamide tablets by ern- 
ploying BP disintegration apparatus 


of the dissolution process to theoretical rate laws 
(760). The influence of three-dimensional fluid motion 
on the dissolution rates of benzoic acid and iodine disks 
was evaluated. The results were compared with the 
rotating-disk method. The Reynolds and Peclet numbers 
were calculated from the experimental results, and 
these were compared with the theoretical laminar and 
turbulent flow systems (761). 


Additional references on dissolution are listed in 
Table XXII. 
Solubility-Solubilization Phenomena - A structure 


theory of the thermodynamic behavior of solutions of 
aliphatic hydrocarbons in  water was advanced by con- 
sidering water molecules at the hydrocarbon-water 
interface in an asymmetric electrical field, similar to 
what has been proposed to account for the surface 
tension of water. Experimental free energy, internal 
energy, and entropy values were in agreement with the 
theory, but not the heat capacity value (774). Relative 
magnitudes of the entropic, regular solution, and 
specific interaction contributions responsible for the 
deviations from ideal solubility of polar nonelectrolytes 
in nonpolar solvents were theoretically estimated. 
Entropic contributions appeared to account for the 
deviation from ideal solubility of poorly soluble polar 
solutes in a series of hydrocarbon solvents. Specific 
interactions were found to be the dominant factors for 
the solubilities of polar solutes in solvents possessing 
acid-base characters. Solvate association constants 
between various solutes and chloroform or ether were 
in  agreement with the solubility data (775, 776). Solu- 
bility differences observed between a crystalline and 


microcrystalline solid were considered to be due to  the 
difference in their relative entropy of solution (777). 
The solubility parameters of selected sulfonamides in  
mixed solvent systems were determined by employing 
experimentally determined vapor pressure, heat of 
solution, and solubility data in the Hildebrand 
equation. The equation was felt useful in prediction of 
drug solubility where the solubility parameters of the 
drug and the solvent system are close to each other 
(778). Solubility, heat of solution, and entropy of 
solution were determined for four sulfonamides in 
normal alcohols and in buffered aqueous systems. A 
two-step solution pathway for the transfer of non- 
electrolyte solid solute into solution was described (779). 


Synergistic microbiological activity of the com- 
bination of two different esters of p-hydroxybenzoates 
was ascribed to the mutual increase in their solubilities. 
The increase in solubility seems to be due to the exist- 
ence of more monomeric forms of both the esters in 
the presence of each other in  solution (780). The 
solubility of a homologous series of alkyl p-hydroxy- 
benzoates was evaluated in water-polyethylene glycol 
solvents. Based upon these results, the mutual solu- 
bilization cannot be completely explained by the 
changes in a dielectric constant of the solvent media 
(78 1). Solubility features of the p-hydroxybenzoates 
were further discussed in terms of hydrogen bonding 
and the interrelation of the molecular symmetry, 
solubility, and entropy (782). 


The effect of various solvents and pH on the solu- 
bility characteristics of amino acids were studied i n  
aqueous, alcoholic, and hydroalcoholic solvent systems. 
The aqueous solubility was found to be inversely 
proportional to the size of the nonpolar portion of the 
molecule. In aqueous and alcoholic solutions, an iso- 
electric band of minimum solubility was formed. In 
hydroalcoholic solvents, solubility seemed to be 
dependent on the interaction of the a-aminocarboxylic 
acid portion of the molecule and, to some extent, on 
the nonpolar portion of the molecule with each specific 
solvent system (783, 784). The solubility of sodium 
salicylate determined in various aqueous mixtures with 
dioxane, acetone, and alcohols was shown to  correlate 
with the dielectric constant over a wide range of con- 
centration. The possibility of uni-univalent electrolytes 
existing completely in  the associated form in solutions 
below a dielectric constant of 30 was indicated (785). A 
correlation between the solubility of phenobarbital and 
the solvent polarity suggested two solubility parameters 
corresponding to the associated or monomeric form of 
phenobarbital, depending upon the solvent system 
used (786). From the solubility analysis of multi- 
component systems, it was concluded that solubility 
profiles for the mixture of drugs cannot be predicted 
from individual drug solubility profiles (787). The 
effect of sodium salts of aliphatic acids on the aqueous 
solubility of caffeine showed decreased drug solubility 
by the acid salts up to  four carbons, but there was 
increased solubility with the higher homologous acid 
salts below the CMC (788). Similar results were also 
reported for the solubility of certain hydrocarbon com- 
pounds i n  aqueous soap solutions (789). 


Mukerjee (790) described the solubilization of benzoic 
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Table XXIII-Additional References on Solubility- 
Solubilization Phenomena 


Reference Topic 


801 


802 


803 


804 


805 


806 


807 


808 


809 


810 


_ _ _ _ ~  ~ 


Use of hydrotropic solvents and association colloids 
for solubilization of  drugs in pharmaceutical 
practice 


Review of solubilization of drugs by means of poly- 
ethylene glycol derivatives of sorbitan monoesters 


Solubility of t-tryptophan in aqueous solution in- 
fluenced by addition of alcohols and glycols; cor- 
relation of solubility data with adsorption char- 
acteristics of alcohols and glycols 


Effects of dextran, gum acacia, and certain other 
macromolecules on aqueous solubility of choles- 
terol, testosterone, progesterone, and diethylstil- 
bestrol 


Solubility of phenobarbital and hexobarbital deter- 
mined in ethanol-water and dioxane-water mix- 
tures 


Solubility and heat of solution of novobiocin in 
ethanol-water solutions 


Review of solubilization and its pharmaceutical ap- 
plicat ions 


Solubilization of steroid hormones by nonionic 
Tween solutions 


Solubility of rruns-azobenzene, caffeine, and 8-meth- 
ylcaffeine in aryloxyalkylamine salt solutions 


Refractometric method for determination of solu- 
bilizing ability of surfactant solutions 


acid derivatives in the nonionic polyoxyethylene surfac- 
tants in terms of two broadly defined loci: (a)  the 
hydrocarbon core along with its interface, and (b) 
the polyoxyethylene mantle. The distribution of 
thesolubilized speciesbetween thetwo loci isrelated tothe 
chemical structure of the solubilizate molecule. An 
analysis of the distribution model using thermodynamics 
of small systems was presented. Some consequences of 
treating the micellar phase as ideal and nonideal solu- 
tions were examined (791). Solubilities of a series of 
compounds of varying polarities in hexadecylpoly- 
oxyethylene monoethers and cetomacrogol lo00 were 
compared with their solubilities in water, n-hexane, and 
polyethylene glycol. The results suggested that the 
solubilization of these compounds cannot be adequately 
described solely on the basis of solubility into separate 
regions of the micelle (792). 


The relative distribution of the solubilized molecule 
in the micellar regions was further studied by the UV, 
N M R ,  viscometric, and osmometric measurements on 
esters of p-hydroxybenzoic acid and other similar 
compounds solubilized by cetomacrogol loo0 (793, 
794). A nonlinear partitioning of phenol between the 
aqueous phase and the micellar phase of cetomacrogol 
was accounted for by the Langmuir adsorption isotherm 
(795). The mechanism of solubilization of water by oil- 
soluble surfactants in nonaqueous solutions was dis- 
cussed relative to the heats of solubilization (AHJ 
calculated from the vapor pressure measurements. The 
AHs decreased in the order: anionic > nonionic > 
cationic surfactants (796). Micellar-solubilized testos- 
terone concentrations in  n-alkyl polyoxyethylene 
surfactant systems were studied by the dialysis method 
(797). The concept of gas solubilization in micellar 
system was considered as a potential method for gas 
transport in biological systems. Specific anesthetic gases 
and surfactant systems were studied in relation to the 


physiological aspects of the gas transport mechanism 
(798, 799). A linear relationship was shown to exist 
between the hydrolytic rate constants for benzocaine 
and homatropine with the reciprocal of their solubility 
in nonionic surfactant media (800). 


Additional studies on solubility-solubilization phe- 
nomena are listed in Table XXIII. 


Membrane Permeation-The treatment of the mem- 
brane transport process by nonequilibrium thermody- 
namics was compared with the kinetic approach. Both 
the kinetic and thermodynamic approaches led to 
similar results; however, the latter approach was felt 
to be more informative (811). Flynn and Roseman 
(812) studied the influence of physical adsorption upon 
the drug permeability through heterogeneous dimethyl- 
polysiloxane membranes. They showed that the per- 
meant adsorption by the siliceous filler dispersed in 
the membrane was linear with respect to the permeant 
concentration. The authors felt that such specific 
binding may influence the drug permeation through 
cellular membranes and skin, and they suggested 
application of these principles in the design of drug 
delivery systems. 


Nakano (813) studied the effects of pH, surfactants, 
adsorbents, and other substances on the permeation of 
chlorpromazine through a dimethylpolysiloxane mem- 
brane. Over the 4.1-6.4 pH range, the transport rate 
appeared to be a partition-controlled process; in  the 
6.8-7.4 pH range, it appeared to  be a diffusion-con- 
trolled process. Permeation rates decreased because of 
the complexation of the drug with surfactants, bile 
salts, caffeine, riboflavin, saccharin, milk, etc., and 
surface adsorption on carbon, kaolin, and talc. Theo- 
retical aspects of the influence of complex formation 
on transport across a diffusional barrier of three 
species, partitioning in an association-dissociation re- 
action, were reported (814) and were employed to 
rationalize the concentration profile of a reactant 
species in an inhomogeneous diffusion barrier (8 15). 
From the rates of permeation of potassium chloride 
through a gelatin membrane undissolved by heating, 
the rate-limiting step in a thin membrane was shown to 
be the permeation at  the membrane interface (816). 
With the increase in molecular weight of pheno- 
thiazines, their permeability through cellulose mem- 
brane decreased, which suggested that the process in -  
volves diffusion through the membrane pores (8 17). 
Depending upon the permeability coefficients of the 
electrolytes through cellulose acetate membranes, 
these membranes were classified into two categories as 
the membranes for which the permeability coefficient 
value of sodium chloride is either dependent or in- 
dependent of the presence of other electrolytes. The 
conditional porosity of the membranes with respect to 
some ions and organic molecules was calculated 
(818). 


The transport of glucose and urea across two poly- 
electrolyte complex membranes was explained on the 
basis of a diffusion model. Binding of urea to the 
membrane matrix and some unusual behavior were 
noticed in the boundary layer adjacent to the membrane 
(8 19). An expression for the equilibrium membrane 
permeability was derived in terms of the diffusion co- 
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Table XXIV-Additional References on Membrane Permeability 


Reference Topic 


821 


822 


823 


824 


Diffusion transfer of amino acid molecules through 
ion-exchange membranes 


Diffusion and reverse osmosis through polymer mem- 
branes 


Permeability coefficients for water and sodium chlo- 
ride measured in cellulose acetate and nylon mem- 
branes 


Review of permeation of gases, vapors, and liquids 
through polymeric membranes, and effects of 
plasticization of membrane on solubility and dif- 
fusion of permeant 


825 Mathematical description of differential permeation 
rates for transport in opposite directions through 
asymmetric membranes 


826 Transport properties of a new polymeric dialysis . .  
membrane 


827 Eauation to correct effect of fluid dilution on dif- ~~ . 


fusion through a membrane 


efficient, partition coefficient, and thickness of the 
layer governing the transport process (820). 


Additional membrane permeability studies are listed 
in Table XXIV. 


Complexation-The studies reported on complexa- 
tion phenomena (interactions, binding, etc.) were cate- 
gorized into: ( a )  interactions of drugs with biological 
substances and (b )  interactions of drugs with non- 
biological substances. 


Interactions of Drugs with Biological Substances-A 
nonlinear mathematical model was formulated to de- 
scribe dynamics of competitive binding, distribution, 
and disposal for the binding of hormonal drugs with 
albumin. The model was simulated on a computer to 
fit experimental data (828). Hansch (829) used a model 
system consisting of l-octanol and water to  approxi- 
mate the role of apolar forces involved in drug-protein 
interactions. This model seemed to fit the in citro 
protein binding data. Oleic and palmitic acids, in 
2000-4000 peq./l. concentrations, were shown to  
inhibit binding of many drugs to serum albumin (830). 
Phenylbutazone, salicylates, acidic sulfonamides, and 
other drugs inhibited the in uitro binding of urate to  
human albumin. The in uitro urate displacement test 
may be utilized for screening potential uricosuric 
active drugs (831). Amino acids, such as histidine and 
lysine, were shown to compete with albumin, but to  a 
lesser extent with transferrin, for the binding with 
iron (832). Competition between sulfonamides and 
thiopental for the binding sites of plasma protein was 
studied by the equilibrium dialysis method. The results 
were analogous to  the surface adsorption process (833). 


The binding of 18 corticosteroid 21 -ester derivatives 
with bovine serum albumin was examined at  pH 7.4, 
15"; all derivatives were found to  follow the Langmuir- 
type relationship. In the case of hemiesters, a corre- 
lation was found to exist between the binding constant 
and the apparent pKa value, suggesting dominance 
of the electrostatic forces in the binding interactions 
(834). The influence of pH upon the binding of sulfa 
drugs to human serum albumin (835), barbiturates with 
bovine serum albumin (836), and vitamin B,, by human 
gastric juice (837) was studied. The ionized forms of 
sulfa drugs and barbiturates seemed to have greater 
binding affinity than the unionized molecule, while 


the pH-dependent effect of vitamin B12 was shown to  be 
due to the effect of pH upon the intrinsic factor (835- 
837). On the basis of dialysis and circular dichroism 
evidence, sulfaethidole (sulfaethylthiadiazole) was 
shown to exhibit similar binding to both crystalline 
and fraction V bovine serum albumin. Equilibrium 
dialysis studies indicated one primary and three second- 
ary binding sites for sulfaethidole, whereas circular 
dichroism studies detected only the primary binding site 
(838). 


The degree of plasma protein binding of both 5 3 -  
diphenylhydantoin and its major metabolite, deter- 
mined by the equlibrium dialysis method, showed that 
the binding of drug to  human plasma protein was 
greater than to  the rat plasma protein, but the reverse 
situation existed for the binding of the metabolite. The 
importance of these results in terms of the drug response 
in humans and in rats was discussed (839). Salicylates 
and phenobarbital (phenobarbitone), but not indo- 
methacin, were shown to bind to  human red cells. To 
predict the extent of drug binding in the circulating 
blood, therefore, McArthur et al. (840) suggested that 
the in uitro results be obtained with whole blood, red 
cells, and plasma. The binding of dicumarol (bis- 
hydroxycoumarin) to human serum albumin was 
studied by means of spectrophotometry, solubility, and 
dialysis measurements. The probable site of com- 
plexation, the energy of complexation, and association 
constants were described (841). The substituent effect 
upon the relative binding tendencies of several coumarin 
derivatives was reported (842). Dissociation rates of 
various 17P-hydroxysteroids-P-globulin complexes were 
determined at  0 and 27" (843). Association constants 
and the enthalpy and entropy of binding of chloro- 
thiazide to  human serum albumin were determined by 
various methods (844). The types of interactions 
between a nonionic surfactant and various bile salts or 
soluble proteins were shown to be predominantly 
hydrophobic (845,846). 
A dynamic dialysis technique for the evaluation of 


solute-protein binding was reported. The method is 
based on the use of radioaktive tracers and a dual 
closed-loop dialysis system (847). A rapid method for 
the estimation of drug-albumin association constants 
in human plasma from a single value of its concentra- 
tion in the plasma was described (848). Based on NMR 
studies, the alkyl chain of the epinephrine molecule ap- 
peared to be the active site for binding with bovine 
serum albumin (849). Binding of p-hydroxybenzoic 
acid esters (parabens) to  bovine serum albumin was 
determined by the fluorescent probe technique. In this 
technique, the spectral property of a third component, 
which fluoresces strongly when bound to protein, was 
used as an indirect measure for the binding of parabens 
to serum protein. The aromatic rather than aliphatic 
portion of the paraben molecule seemed to  be the 
primary binding site (850). A similar test method, 
utilizing a different fluorescence compound, was 
reported (851). 


Additional references pertaining to interactions of 
drugs with biological substances are presented in 
Table XXV. 


Interactions of Drugs with Nonbiological Substances- 
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The crystal structures of sulfanilamide-sulfathiazole 
( 1  : l), theophylline-sulfathiazole (1 : I), and theobro- 
mine -5-chlorosalicylic acid ( 1  : 2) complexes were 
characterized by X-ray diffraction methods. Inter- 
molecular hydrogen bonding in these crystals involves 
the aromatic amino group of the sulfathiazole in the 
theophylline complex (870), one of the sulfathiazole 
oxygens in the sulfanilamide complex (870), and the 
carboxyl group of the salicylate in the theobromine 
complex (871). A review article dealt with the subjects 
of stability constant determinations, effects of solvents, 
and X-ray analyses of drug complexes, especially of 
xanthine derivatives complexing with aromatic car- 
boxylic acids (872). By means of N M R  chemical shift 
measurements, the stability constants for benzocaine, 
procaine, lignocaine, and prilocaine with electron 
acceptors like 1,3,5-trinitrobenzene were determined. 
The stability constants for these drugs were higher in 
comparison to their corresponding simple ring methyl- 
ated anilines (873). Unlike previously reported results, 
which were based on partition coefficient studies, NMR 
data suggested self-association of theophylline in  
aqueous solution (874). I n  response to the NMR data, 
Guttman and Higuchi (875) concluded that the self- 
association of theophylline may occur to a limited 
degree in  water; however, for the most practical range 
of concentrations, the associative tendency of theo- 
phylline seems rather negligible. The previously re- 
ported solubility data on cycloheptylamylose inclusion 
complexes of barbiturates were correlated with the 
proton magnetic resonance data to  provide direct 
evidence for the stereospecific complexation mechanism 
(876). 


Solvent effects o n  the charge--transfer transition 
energy and association constants of s--s intermolecular 
complexes were investigated. The transition energy 
decreased with an increase in the solvent refractive 
index, while the association constant seemed to  be a 
function of the dielectric constant (877). The formation 
of UV-detectable charge-.transfer complexes between 
chlorophenyl groups of DDT and its metabolites with 
tetracyanoethylene was reported (878). The stoichio- 
metric balances and absolute stability constants of 
atropine, chlorpheniramine, quinine, and other amine 
drugs with bromthymol blue were determined in 
chloroform. The results were suggestive of the com- 
plexation reaction between amines and bromthymol 
blue rather than the formation of salts (879). In  an 
effort to  explain the solubilizing action of acid amides, 
a quantum chemical approach involving the linear 
combination of atomic orbital -molecular orbital 
(LCAO-MO) method was employed. Based on this 
approach, it was shown that the acid amides are electron 
acceptors and form more stable complexes with electron 
donors than with electron acceptors, and complexation 
constants are linearly related to energy levels of the 
lowest vacant molecular orbital of the aromatic acid 
amides and the s-electron densities of the oxygen atom 
i n  acid amide groups (880). 


A considerable increase in the aqueous solubility of 
dicumarol (bishydroxycoumarin) in  the presence of 
polyvinylpyrrolidone occurred due to  the formation of 
a highly soluble drug -nonionic polymer complex, with 


Table XXV-Additional References on Interactions of Drugs 
with Biological Substances 


Reference Topic 


852 


853 
854 


855 


856 


857 


858 


859 


860 


861 


862 


863 


864 


865 


866 


861 


868 


869 


Review of nature of drug-receptor complex forma- 
tion and its importance in drug structure-activity 
relationships 


Review of protein binding of tetracyclines 
Review describing effect of protein binding on dis- 


tribution and metabolism of a highly plasma pro- 
tein-bound drug (bishydroxycoumarin) 


Binding of radioactive label from labeled phenacetin 
and related compounds to rat tissues in uico and to 
nucleic acids and bovine plasma albumin in cifro 


Determination of protein-metal-ion binding sites by 
proton magnetic resonance spectroscopy 


Binding of dapsone and monoacetyldapsone by 
human plasma proteins 


Binding of bupivacaine to maternal and fetal plasma 
proteins; maternal protein bound approximately 
twice as much drug as the fetal protein 


Interactions of levorin and amphotericin B with 
cholesterol explained on basis of adsorption mech- 
anism 


Evidence for competitive binding of two sulfas and 
penicillin G to bovine serum albumin using N M R  
techniques 


Accelerated peritoneal dialysis of barbiturates, di- 
phenylhydantoin, and salicylate 


Dialysis of ephedrine and pentobarbital from whole 
human saliva and simulated saliva 


Comparison of protein binding tendency of anti- 
biotics with gel filtration data 


Protein-polysaccharide interactions in thin films 
determined by IR internal reflectance spectroscopic 
studies 


hz oirro and in oioo binding of 4-(aminoethanesul- 
fony1amino)antipyrine with rabbit serum protein 


Determination of average binding ratios of taurino- 
phenetidine and its nicotinate in rabbit serum pro- 
tein 


Binding of %inc by homogenates of rat intestinal 
mucosa 


Dissociation constants, molecular weights, con- 
formations, and other physicochemical properties 
of vancomycin and iodovancomycin and their 
complexes with specific peptide 


Relations between chemical structure, lipid solu- 
bility, and protein binding properties of tetra- 
cyclines 


an intrinsic association constant of about 3 X lo3 
I./mole at 20". Equilibrium dialysis, viscometric, and 
spectrophotometric methods were employed to study 
the complexation mechanism (881). The influence of 
counterions upon the complexation of nonionic poly- 
mers such as polyvinyl alcohol or polyvinylpyrrolidone 
with the hydrophobic cations like alkylammonium ions 
was investigated. As compared to bromide, chloride, 
and fluoride counterions, the so-called strongly water 
structure-breaking-type ions (uiz., thiocyanate, iodide, 
and nitrate) induced stronger attraction and com- 
plexation, thereby decreasing the polymer solubility 
(882). Similar phenomena were observed, in which the 
interactions between nonionic polymers and anionic 
surfactants were enhanced by the presence of strongly 
water structure-breaking cations such as guanidinium 
ions (883). The mechanism of interaction between 
polyvinylpyrrolidone and anionic surfactants was 
discussed based on the determination of surface tension, 
viscosity, solubility, and solubilization (884). The 
formation of an association complex between sodium 
lauryl sulfate (dodecyl sodium sulfate) and polyvinyl- 
pyrrolidone was studied at varying polymer concentra- 
tions. The data suggested occurrence of mixed micelles 
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Table XXVI-Additional References on Interactions of Drugs 
with Nonbiological Substances 


Reference Topic 


892 


893 


894 


895 


896 


897 


898 


899 
900 


901 


902 


903 


904 


905 


906 


907 


908 


909 


910 


91 1 


912 


Review of drug-polymer complexation, use of poly- 
mers in sustained-action dosage forms, and other 
pharmaceutical aspects of polymer science 


Intermolecular reaction of barbiturates with phenols; 
correlation shown between equilibrium constants 
and physiological activities of barbiturate com- 
plexes 


Complexation of paminosalicylic acid and its sodium 
salt with caffeine, Tween 80, methylcellulose, erc. ; 
compounds determined by refractive index, solu- 
bility, dialysis, and conductivity measurements 


Thermal electric osmometric study of self-association 
and complex formation of some purine and py- 
rimidine derivatives 


Interactions of biological macromolecules in co- 
acervate systems 


Molecular interactions between gelatin and glycerol 
shown to reduce hygroscopicity of gelatin 


Review of drug-macromolecular interactions and 
implications to pharmacological activity 


Polymeric structures of p-lactam antibiotics 
Physicochemical properties of gelatinxarboxy- 


methylcellulose complex 
Properties of gelatin-polysaccharide complexes in 


organic solvent systems 
Association constant for chlorpromazine-diethyl- 


barbituric acid complex in water at 30" 
Intcraction of caffeine and theophylline with 9ethyl- 


adenine in deuterochloroform solution; theophyl- 
line interacts strongly with gethyladenine, whereas 
relatively weak interactions observed with caffeine 


Self-association of morphine sulfate and related salts 
in aqueous solution studied by conductivity and 
optical rotatory dispersion measurements 


Aggregation of chlorhexidine digluconate in aqueous 
solution from optical rotatory dispersion measure- 
ments; a system in which optical activity is cen- 
tered in the counterion rather than in the aggregate 
core 


Complex formation between phenols and quaternary 
ammonium salts in aqueous solution 


Behavior of enramycin in aqueous solution; solu- 
bility, surface tension, stability in aqueous media, 
and intermolecular association of drug with non- 
ionic surfactants 


NMR studies of interactions between cetomacrogol 
and phenol; phenol solubilized in cetomacrogol 
micelles appears to accumulate in polyoxyethylene 
region 


Interactions between ionic surfactants and nonionic 
water-soluble polymers; strong interactions oc- 
curred between anionic surfactants and the polymer 
molecule 


Interactions between methylcellulose mucilage and 
electrolytes 


Stability constant for citric acid-methenamine com- 
plex determined by potentiometric method 


Detection and formulation of complex metal ions in 
aqueous solution by coagulation and charge re- 
versal of lyophobic colloids 


at concentrations lower than CMC of the pure sodium 
lauryl sulfate (885). The nature of the interaction between 
chlorpromazine and polysorbate 80 was investigated by 
U V  spectrophotometry and by the technique of mono- 
molecular films. The results suggested that the locus of 
the drug-surfactant interaction is primarily hydro- 
phobic and that the drug has strong affinity for sorbitan 
monooleate, the more hydrophobic constituent of 
polysorbate 80(886). 


Solubility analyses and spectrophotometric studies 
were reported for several metal complexes of thio- 
uracils. Only those tautomerizable thiouracils that can 
form ionizable sulfhydryl groups seemed to be capable 


of forming metal complexes. Thiouracil solubility was 
not significantly different in the presence or absence of 
metal ions, while the solubility of the precipitating 
complexes was less than that which can be detected 
accurately by analytical methods. The data do not 
support the previous literature proposal, which indi- 
cated the formation of a cuprous-2-thiouracil disulfide 
complex in 2-thiouracil and cupric-ion mixtures (887). 
Three iron-dextran complexes used as parenteral 
hematinic agents were studied by electron microscopy, 
X-ray diffraction, IR, and Mossbauer spectroscopy to 
examine dimensions and other physical properties of 
the complexes (888). The structure of several metal 
complexes of the virus inhibitor 2~hydroxybenzyl- 
benzimidazole was deduced from spectral and magnetic 
measurements. In most cases, the virus inhibitor 
chelates through the tertiary nitrogen of the imidazole 
ring and hydroxylic oxygen atom (889). Several com- 
plexes of copper, with pyridine-carboxylic acid, 
aminobenzoic acid, and their derivatives were prepared. 
Physical-chemical properties, structures, and biological 
activities of some of these complexes were determined 
(890). Solubilization of certain poorly soluble drugs 
upon complexation with the neutral xanthine derivative 
7-(2-hydroxypropyl)theophylline was utilized as a con- 
venient means for determining ionization constants of 
the insoluble drugs by potentiometric titration (891). 


Additional references regarding interactions of drugs 
with nonbiological substances are listed in Table XXVI. 


Surface Phenomena-The publications dealing with 
surface phenomena were subdivided into four major 
categories. However, because of the obvious overlap 
among these categories, the reader with a special 
interest in this field is advised to consider the entire 
section. 


Interface Studies-A correlation was shown to exist, 
apparently for the first time, between the dielectric con- 
stants and the surface tensions of liquids. It may be 
utilized for the estimation of surface tension of non- 
hydrogen-bonded polar liquids and nonpolar liquids 
(9 13). The interfacial properties of certain homologous 
benzalkonium chloride compounds (C, and Clo-Clo) 
were studied. In the presence of excess electrolyte, the 
surface tension of these compounds adhered t o  Traube's 
rule; however, significant deviation occurred in the 
absence of electrolyte. An "odd-even'' chain length 
effect observed in the equilibrium pressure values of the 
homologous compounds was rationalized on the basis 
of their melting points (914). The surface tensions 
and surface entropies of different molecular weight 
polyethylene glycols and polypropylene glycols were 
measured. In these homopolymers, molecular weight 
appeared to have little effect on the surface free energy, 
and the increase in free energy on passing from the 
interior to the surface was mainly due to the heat 
content, with very little entropic contribution (915). A 
review of dynamic surface tension dealt with the non- 
equilibrium surface states, dynamic tension measure- 
ments, and the interpretation of dynamic surface 
tension on the basis of diffusion rate and transfer rate 
mechanisms (9 16). The diffusion-controlled mechanism 
was shown to be inadequate to account for the dynamic 
surface tension data obtained for dilute aqueous 
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solutions of monoalc:ohols, but the data were explain- 
able on the basis of first-order adsorption kinetics (917). 


The dynamic properties of monomolecular films of 
saturated fatty acids ranging from 15 to  20 carbons in 
alkyl chain length were studied by evaluating the 
influence of film compression upon surface pressure. 
When the films were compressed beyond their apparent 
equilibrium spreading pressure, they exhibited a spon- 
taneous loss in  the surface pressure. In general, more 
stable films were obtained with longer chain length 
fatty acids; however, odd and even carbon compounds 
showed distinct differences in the collapse pressure, 
rate of surface pressure change, and the apparent equi- 
librium pressure values. From these and other results, 
it was concluded that the three-dimensional lens 
formation occurs when the film enters the region of 
instability before an apparent collapse pressure is 
reached (9 18). The surface properties of monolayers of 
polyvinylpyrrolidone copolymers were investigated. 
The results suggested that the high compressibility and 
low cohesion observed can be accounted for by the 
flexibility of the vinylpyrrolidone residues beneath the 
surface (919). An equation was derived for predicting the 
equilibrium spreading pressure of a monolayer spread 
from a mixed crystal as a function of the composition of 
the crystal. Although the equation may be useful for 
estimating the interaction between dissimilar surface- 
active agents in  the monolayer films, more involved 
mathematical computations appeared to be the major 
limitations on its application (920). Cholesterol mono- 
molecular films exhibited a loss in surface pressure 
upon exposure to nitrogen dioxide due to  the formation 
and subsequent desorption of cholesteryl nitrate. This 
interaction was totally inhibited by prior addition of 
about 0.75 mole fraction of cholesteryl nitrate ester. 
An analog computer simulation of the inhibitory 
process indicated that at  least six molecules of the 
nitrate ester arc required for each cholesterol molecule 
to producc total inhibition (921). 


The interaction 01’ 3-methylcholanthrene with mixed 
films of cholesterol and lecithin was investigated. The 
extent of interaction between 3-methylcholanthrene and 
cholesterol in the mixed films was significantly in- 
flucnced by the competitive interaction between 
cholesterol and thc phospholipid. This may account 
for the influence of cholesterol and phospholipids on 
the formation of tumors induced by polycyclic aromatic 
hydrocarbons (922). The enzymic activity of phospho- 
lipase C on tritium-labeled lecithin monolayers was 
evaluated as a function of lecithin surface concentra- 
tions. At lower lecithin concentrations, occurrence of 
irreversible adsorption and surface inactivation of the 
enzyme caused a progressive decline in the enzyme 
activity (923). TLC and. surface pressure-surface area 
( * - A )  evidence was presented for the autoxidation of 
cholesterol monomolecular films spread on an aqueous 
subphase. Tocopherol, butylhydroxytoluene, stearic 
acid, dipalmitoyl lecithin, ascorbic acid, and oleic acid 
inhibited the oxidation (924). 


Interfacial barrier-limited transport of some bio- 
logically important substances like cholesterol and 
0-sitosterol across the aqueous polysorbate 80--hexadec- 
ane interface was studied. The effects of bulk diffusion, 


Table XXVII-Additional References on Interface Studies 


Reference Topic 


927 


928 


929 


930 


931 


932 


933 


934 


935 


936 


937 


938 


Interfacial tensions between benzene solution of 
egg-phosphat idylcholine and aqueous bovine 
plasma; presence of protein in the aqueous phase 
leads to more rapid adsorption of the phospholipid 
at the interface 


State of molecular motion in lecithin bilayers elu- 
cidated by nuclear relaxation measurements 


Discussion on relation between the thermodynamic 
work of adhesion and mechanical bond strength 


Review of physical and mechanical properties of sur- 
face and interfacial films, and rheological tech- 
niques used in drug formulations 


Electrokinetic potential of oil droplets dispersed in the 
aqueous solutions of long-chain electrolytes 


Molecular interactions in thin films of condensed 
gases 


Forces across interface between a dipole liquid and a 
liquid free of permanent dipoles not accountable 
by the dispersion forces alone 


Temperature dependence of viscosity of a surface 
layer at water n-alcohol melt interface 


Numerical analysis of kinetics of adsorption of 
certain steroids at oil-water interface 


Interfacial behavior of liquid quaternary alkylam- 
monium salts at water-benzene interface in terms 
of monolayer-counterion interactions and solute- 
solute interactions in benane phase 


Adsorption of anionic, cationic. and nonionic sur- 
factants at oil -water interface considered in terms 
of electrocapillarity theory 


Adsorption of dodecyl sodium sulfate at silicone 
fluid-water interface 


interfacial area, and lipid-water partition coefficient 
were considered in the quantitative representation of 
the experimental data. One of the most significant 
findings of the study was considered to  be the possible 
explanation of the intestinal absorption of cholesterol 
and 0-sitosterol in terms of the interfacial barrier 
mechanism (925). The transfer of an adsorbing solute 
across a liquid-liquid interface was considered by 
taking into account the effects of molecular diffusion 
in both bulk phases, adsorptive accumulation at  the 
interface, and energy barriers to  adsorption and/or 
desorption. Dynamic interfacial tension data for oil- 
water systems with interface ages from 0.05 to 1.5 sec. 
were obtained using a laminar contracting liquid jet. 
The data indicated the presence of a small net desorp- 
tion barrier to the transfer of normal and isobutyric 
acids from oil to  water and large barriers to  both the 
adsorption and desorption of 1,5-pentanediol (926). 


Additional references on interface studies are listed 
in Table XXVII. 


Adrorption Studies-Organic solute drug molecules 
without having any cation-exchangeable groups were 
shown to adsorb on the surface but not into the interior 
of neutralized montmorillonite. The number of avail- 
able surface sites was estimated to  be about 1018-101g 
sites/m.* surface area of the adsorbent, while the total 
number of interior sites was almost 600 times that of the 
surface sites. The fact that adsorption only occurs at  
the surface may partially provide explanation for the 
physiological availability of the adsorbate drug mol- 
ecules from such systems (939). The nature of bonding 
between an unionized polar drug molecule and mont- 
morillonite was postulated as an ion-dipole type of 
interaction (940). Heats of wetting, monolayer capacity, 
specific surface limiting (maximum) sorbed volume, and 
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Table XXVm-Additional References on Adsorption Studies 


Reference Topic 


949 


950 


951 


952 


953 


954 


955 


956 


9 57 


958 


959 


960 


961 


962 


Review of IR spectra of adsorbed molecules, physical 
adsorption, chemisorption, hydrogen bonding, and 
electronic spectra of adsorbed molecules 


Review of physical adsorption of gases on solid sur- 
faces including heat transfer by adsorbed air mole- 
cules, multilayer adsorption, and motion of ad- 
sorbed molecules 


Review of structural characteristics of systems of 
idealized packed particles, adsorption, and capil- 
lary vapor condensation 


Review of effect of surfactant adsorption on strength 
of solids 


Review of methods for conversion of liquids into solid 
forms by adsorption and drying and their applica- 
tion in food, drug, and cosmetic manufacturing 


Differential enthalpies, entropies, and free energies 
of adsorption in relation to molar refractions, di- 
pole moments, and specific interactions; applica- 
tion of these parameters in gas-solid chromatog- 


Effect of electrolytes on sorption capacity of the col- 
loidal silicic acid “Aerosil” 


Review describing mechanism of interaction of water 
molecules with surface atoms of oxides; IR, NMR, 
and thermal data presented to differentiate be- 
tween coordinatively bonded water and hydrogen- 
bonded water 


Adsorption of long-chain (CI~)  electrolytes on mon- 
azite-water interface; isotherms explained on the 
basis of hemimicelle formation on monazite sur- 
face 


Adsorption of surface-active agents leading to  
changes in surface properties of kaolinite-hydro- 
mica clay 


Ion-exchange sorption of dicaine, nupercaine, tri- 
mecaine, novocaine, novocainamide, bencaine, and 
pseudococaine on Dowex 50 (H+) 


Adsorption of surfactants on kaolinite clay studied 
by X-ray diffraction and thermal methods 


Stabilization of dispersions by adsorbed rnacromole- 
cules; theoretical derivation of density distribution 
for segments of adsorbed macromolecules as a 
function of distance from interface 


Strongly bound water and its role in structure of clay 
minerals 


raphy 


energy constants for the adsorption of water and 
benzene on montmorillonite were reported (941). The 
adsorption of crystal violet by kaolin, studied over a 
pH range of 2.5-9.5, showed increased adsorption at  
higher pH. From the experimental evidence, the 
principal mechanism of adsorption appeared to be the 
electrostatic charges arising from cation replacement in 
the clay lattice, whereas contribution from the charges 
of the aluminum atom of kaolin seemed to be insignifi- 
cant in the overall adsorption process (942). 


The extent of hydrophobicity of eight local anesthetics 
was evaluated by their adsorption tendency on carbon 
black. The results were further correlated with the 
n-octane-water partition coefficient and the nerve 
blocking potency of these drugs (943). In similar 
studies, the adsorption of phenols (944) and benzoic 
acid derivatives (945) on carbon black in aqueous 
solutions was investigated. The relative adsorbability of 
these compounds was compared with their partition 
coefficients, complexation with caffeine, and protein 
binding tendencies to explain the types of interactions 
involved in these systems (944, 945). The adsorption of 
polyvinylpyrrolidone on chloramphenicol particles in 
aqueous suspension was measured. By assuming that 
the polyvinylpyrrolidone molecules lie flat on the 


chlorarnphenicol particles, the adsorption capacity 
values indicated formation of two to  three surface 
molecular layers. The increase in polyvinylpyrrolidone 
adsorption at  higher temperatures was attributed to the 
large positive entropy contribution due to the decrease 
in the water-polymer interactions at higher tempera- 
tures. These results were further extended to evaluate 
the stabilizing effect of polyvinylpyrrolidone on chlor- 
amphenicol suspensions (946). 


The pharmacological action of cholestyramine, a 
quaternary ammonium anion-exchange resin, depends 
upon its ability to  bind bile salts. The adsorption 
characteristics of the resin toward bile salts, fatty 
acid anions, and the drug sodium fusidate were investi- 
gated. While the rate of bile salt-cholestyramine 
interaction showed positive temperature dependency, 
the equilibrium adsorption was essentially temperature 
independent and irreversible. Strong adsorption of the 
drug sodium fusidate by the resin appeared to prevent 
in uiuo availability of the drug upon concurrent admin- 
istration of both the resin and the drug (947). Among 
39 liquid compounds studied, 20 were shown to  be 
significantly sorbed by nylon. Equilibrium sorption 
weights and activation energies of desorption were 
determined by thermogravimetric analysis of the 
equilibrated sample. Compounds having hydrogen- 
bonding potential appeared to have a greater sorption 
tendency with nylon. Application of this thermal test 
method was recommended for similar types of sorption 
studies (948). 


Additional references on adsorption studies are 
listed in Table XXVIII. 


General Properties of Surfactants-A four-com- 
ponent emulsion system containing water, n-octanol, 
n-dodecane, and a nonionic surfactant CeH17(OCHz- 
CH&OH was investigated, particularly in the presence 
of a liquid crystalline phase of the surfactant. The 
liquid crystalline phase did not exist in the binary 
surfactant-water system but was formed only in the 
presence of the organic liquids. The results were dis- 
cussed with respect to their significance in the emulsion 
systems (963). The presence of a liquid crystalline layer 
at the interface of a stable emulsion was verified, and 
its role in the emulsion stabilization was discussed (964). 
A correlation between the surface activity and molecular 
structure was established for nonionic surfactants 
having two, three, four, or six branches of the poly- 
propylene glycol-polyethylene glycol chain in their 
molecule (965). The surface-active properties of a 
series of polyethylene glycol monoethyl ether esters were 
determined, and it was shown that esters with 12, 16, 
and 18 carbon atom chains formed a netlike structure 
with water, thus failing to obey Traube’s rule (966). 
Zettlemoyer et a/. (967) reported on the surface- 
activity measurements of sodium a-sulfo fatty esters 
by the determination of interfacial tensions at air- 
liquid, liquid-liquid, and solid-liquid interfaces as a 
function of surfactant concentrations. The results sug- 
gested perpendicular orientation of surfactant mol- 
ecules a t  the air-liquid and liquid-liquid interfaces. 
Rates of adsorption studies indicated that the wetting 
agents appeared to adsorb about 3-6 times as fast as 
the detergents. 
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The hydrophilic-lipophilic balance of surfactants can 
be determined by the polarity index obtained by GC. 
A linear relation was shown to exist between the polarity 
index and the content of different emulsifiers in a mix- 
ture, and also between the CH20CH2 group content 
and the polarity index of ethylene oxide adducts having 
a similar lipophilic portion. Based on these relations, 
the polarity index can be calculated from the ethylene 
oxide content of the adducts plus the polarity index of 
the lipophilic portion of the adducts (968). The polarity 
index was shown to be a linear function of the hydro- 
philic-lipophilic balance values for a given series of 
nonionic surfactants but not for mixtures of nonionic 
and ionic surfactants (969). Hydrophilic-lipophilic 
balance values for different homologous series of 
sorbitan monoesters and polyoxyethylated octylphenol 
surfactants correlated with their distribution coefficients 
(970). The influence of hydrophilic-lipophilic balance 
values of surfactants upon the release characteristics of 
ephedrine from liquid emulsions was determined by 
means of a dialysis technique. The data indicated a 
distinct influence of the hydrophilic-lipophilic balance 
upon the drug release rates, and they also suggested the 
presence of an interfacial barrier in  the emulsion (971). 
From thermodynamic parameters such as chemical 
potential and internal surface tension values, the dis- 
tribution coefficient and hydrophilic-lipophilic balance 
values were calculated for various surface-active sub- 
stances. The results were further extrapolated to eval- 
uate conditions for the stabilization of emulsions (972). 
Selection of appropriate emulsifiers on the basis of phase 
inversion temperature values rather than the hydrophilic- 
lipophilic balance values was suggested. The variation of 
phase inversion temperature with the hydrophilic chain 
length of nonionic surfactants, phase volume, added 
salts, and optimum temperature for stabilization was 
considered (973). A similar study also described the 
application of phase inversion temperature values for 
quality control and for characterization of nonionic 
emulsifying agents (974). 


Additional studies on general properties of sur- 
factants are listed in Table XXIX. 


Micelle Studies-Apparent aggregation numbers for 
a series of nonionic. anionic, and cationic surfactants 
i n  nonaqueous solutions were measured by the vapor 
pressure depression method. The magnitude of the 
aggregation number for surfactants having hydrocarbon 
groups of equal size was: anionics >> cationics > 
nonionics in various nonaqueous solvents (986). The 
dependence of micelle aggregation number on the polar 
head structure was studied by light-scattering measure- 
ments of aqueous solutions of decylalkylammonium 
salts and related surfactants. According to  this study, 
factors like the mean distance of closest approach of a 
counterion to  the charge center of the surfactant ion, 
hydrophobic bonding between alkyl groups on ad- 
jacent polar heads, and polar head-water interactions 
must be considered to evaluate the role of polar head 
groups in the micellization process (987). In  a sub- 
sequent study. aggregation numbers of heterocyclic 
surfactants were determined, which led to  the conclusion 
that charge location and hydrogen bonding are addi- 
tional factors that can affect the polar head’s role in 


Table XXIX-Additional References on General 
Properties of Surfactants 


Reference Topic 


975 


976 


971 


978 


979 


980 


98 1 


982 


983 


984 


985 


Effect of detergent concentration on monomer ac- 
tivity in a nonionic detergent solution 


Hydrotropic and adsorption properties of bisquater- 
nary ammonium compounds and other related cat- 
ionic surfactants 


Surface tension, solubility, and refractive index de- 
termination of /?-I  ,2-alkanediols and u-1-alkanols 
in aqueous solution 


Interfacial activity of sodium lauryl sulfate in pres- 
ence of cetyl, cetostearyl, and stearyl alcohol 


Steric structure of nonionic polyoxyethylene surfac- 
tants shown to exert considerable influence upon 
solubilization and emulsification 


Modified zonal centrifugal analysis technique for 
studying role of surfactants in  suspensions 


Effect of cationic surface-active agents on hydrolysis 
rates of ethyl p-aminobenzodte, ethyl p-nitroben- 
zoate, p-nitrophenyl acetate, and p-aminophenyl 
acetate esters 


Structural characteristics of surfactants examined in 
relation to wetting, emulsification, dispersion, sur- 
face tension, and micellar properties 


Surface tension of anionic and cationic surfactants 
measured as a function of concentration to de- 
termine CMC and adsorption at air--water interface 


Density, viscosity, refractive index, and light-scatter- 
ing measurements of aqueous cetyltrimethylam- 
monium bromide solutions; characterization of 
micellar phases at various surfactant concentra- 
tions 


Solution phase with reversed micelles in the cetyltri- 
methylammonium bromide -hexanol -water system 


micelle formation (988). On the basis of simple geo- 
metric considerations and the experimentally deter- 
mined aggregation numbers, Schott (989) questioned 
the existence of spherical shaped micelles for surfactants 
having a single normal alkyl chain as their hydro- 
carbon moiety. 


Micelle formation by phenothiazine derivatives- 
uiz., promethazine, chlorpromazine, promazine, and 
thioridazine hydrochlorides, in D,O and water were 
investigated by N M R ,  pH, and viscosity measurements. 
The magnitude of chemical shift observed by NMR 
upon micelle formation suggested vertical stacking of 
the phenothiazine rings, probably in an alternating mode 
in  the micelle interior. The increased dissociation of the 
hydrophilic -NH+< groups upon micellization was 
indicated by pH measurements (990). N M R  evidence 
for the formation of micelles by phenothiazine deriva- 
tives was also presented by Ravin and Warren (991). 


The decrease in  the CMC of sodium lauryl sulfate 
(dodecyl sodium sulfate) in  water upon addition of alco- 
hols (C,-C,) was compared with the free energy of trans- 
fer of an alcohol molecule from pure liquid to  the ex- 
tremely diluted aqueous solution. Factors affecting 
changes in the CMC value appeared to be the reduction 
of free energy of a micelle due to  the diluted surface 
charge density on the micelle, the hydrophobic interac- 
tion to  the hydrocarbon exposed to water, and the en- 
tropy of mixing of a mixed micelle on addition of alco- 
hol (992). Similar studies were reported on the experi- 
mentally evaluated effects of the addition of a water- 
miscible solvent upon the CMC values of surfactants 


Micellar properties of sodium fusidate, a steroid 
antibiotic structurally resembling the bile salts, were 


(993-995). 
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Table =-Additional References on Micelles 


Reference Topic 


999 


lo00 


1001 


1002 


1003 


1004 


1005 


1006 


1007 


1008 


1009 


Review of formation and structure of micelles and 
solubilization phenomena 


Temperature dependence upon CMC of cationic sur- 
factants 


Changes in micellar properties of ClaHa~NHaO- 
COCHa in aqueous solution by addition of organic 
polar substances and temperature 


Influence of electrolytes upon CMC of polyoxy- 
ethylated nonionic surfactants 


Fluorine magnetic resonance studies of micelle struc- 
ture of fluorinelabeled nonionic detergents as a 
function of concentration and temperature; ther- 
modynamic considerations 


Effect of pH upon aggregation number and charge 
on N-alkylpyridinium bromide micelles 


Competition of monovalent inorganic cations at 
charged micelle and monolayer interfaces of al- 
kaline soap solutions 


Molecular motion of counterions in Stern layer of 
a detergent micelle studied by NMR measure- 
ments 


Relationship between CMC of ascorbyl monofatty 
acid esters and number of carbon atoms in fatty 
acid chain 


Dehydrocholate and its metabolites, with the excep- 
tion of cholic acid, shown to have little micelle- 
forming capacity 


Micelle size and shape of anionic surfactants in 
aqueous solution; existence of second CMC con- 
firmed 


determined by spectral shift, surface tension, and ultra- 
centrifugal analyses. The CMC’s, mean molecular areas, 
and apparent aggregation numbers were estimated as a 
function of the countercation concentrations. A model 
for the sodium fusidate micelle structure similar to the 
previously described model for the bile salt micelle 
was proposed (996). From spectral properties of mixed 
micelles of a nonionic surfactant (octoxynol, Triton X- 
100) formed with anionic surfactants, it was suggested that 
the micelles of nonionic detergents contain more water 
molecules in the core than the micelles of anionic de- 
tergents (997). Viscosity in the micellar interior (micro- 
viscosity) was determined by comparing fluorescence 
depolarization of 2-methylanthracene when dissolved 
in the micellar system and in the American white oil 
35 (mineral oil USP), the latter being used as a reference 
with known viscosity. The results on microviscosity 
measurements on certain cationic surfactants and mixed 
micellar systems led to the conclusion that micelle in- 
teriors are similar in nature to aliphatic hydrocarbon 
solvents (998). 


Table XXX provides additional references on micelle 
studies. 


Dispersion Stabilization-This section includes 
some basic studies reported on the stability of 
dispersed systems (e.g., emulsions, suspensions, and 
colloids). For some of the practical stability aspects of 
these systems, however, the reader is advised to refer 
to the previously discussed sections under Pharmaceu- 
tical Technology. 


Bernstein et al. (1010) reported on the kinetics of 
emulsion coalescence by recording changes in the 
particle number and size distribution with time. Treat- 
ment of the experimental data by plotting the reciprocal 
of the cumulative number of particles greater than a 
specified size as a function of time was rationalized 


on the basis of theoretical considerations. For rapid 
reaction systems, the slopes of these Smoluchowski- 
type plots were directly related to the Smoluchowski 
rate constants. A maximum rate constant for coales- 
cence of 4.0 X ~m.~/sec.  ( j = 5 7 3  was observed in 
studies over a 10-fold range of oil concentration, a 
100-fold range of surfactant concentration, and a six- 
fold range of electrolyte concentration (1010). The 
stability of an oil-water emulsion containing a nonionic 
detergent was enhanced by the addition of a long- 
chain alcohol, which was attributed to the increase in 
the interfacial viscosity by alcohol addition (101 1). 
The influence of salt addition upon stability and inter- 
facial tension in similar types of emulsion systems 
suggested that the entropic forces are the main stabiliz- 
ing forces in these emulsions (1012). 
, The asymptotic principle of the interaction of solids 


in liquid media was applied to certain case examples 
related to the molecular structure of microheterogeneous 
systems (1013). The effect of hydrodynamic interaction 
between neighboring colloidal particles upon coagula- 
tion rates did not seem to explain the existing discrep- 
ancy between the experimental and theoretical coagula- 
tion rates (1014). Hesselink et al. (1015) presented a 
theory regarding the stabilization of dispersions by 
adsorbed macromolecules. The theory considers volume 
restriction repulsion due to the decrease of configura- 


Table XXXI-Additional References on Dispersion 
Stabilization Studies 


Reference Topic 


1017 


1018 
1019 


1020 


1021 


1022 


1023 


1024 


1025 


1026 


1027 


1028 


1029 


1030 


1031 


Mechanisms and general principles governing colloid 
stability 


Review of dielectric properties of dispersed systems 
Method for determination of critical concentration 


of a dispersed phase 
Review of electrical double-layer theory, electrodes 


and electrode reactions, thermodynamics of sur- 
face phases, diffuse double-layer theory, and com- 
pact layer theory with and without adsorption 


Effect of mechanical agitation on dispersion of an 
organic phase into aqueous continuous phase 


Effect of some anionic detergents on stability of 
emulsions stabilized by partially flocculated sols 


Theoretical consideration of selective coagulation on 
the basis of Derjaguin-Landau-Verwey-Overbeek 
theory of colloid stability 


Steric stabilization of colloidal particles ; factors in- 
fluencing stability of polyethylene oxide-stabilized 
dispersions 


Spontaneous colloidal dispersion of colophony and 
silver in water explained by presence of struc- 
turally weakened boundaries between microre- 
gions 


Promotion of mechanical coagulation by addition of 
sensitizing electrolytes; kinetics of coagulation 
process not explained by Smoluchowski theory of 
bulk coagulation 


Prevention of mechanical coagulation by surface- 
active additives 


A minimum amount of turbulence required to ob- 
tain mechanical coagulation at either solid-liquid 
or liquid-air interface 


Structure formation in aqueous colloidal systems 
determined by paramagnetic probe method 


Electrokinetic potential measurements of kaolinite in 
aqueous suspensions yielding information about 
ionic environment of particles and possible sur- 
face interactions 


Review of electrokinetic potential, streaming po- 
tential, electroosmosis, and electrophoresis of 
aqueous dispersed systems and their measurements 
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Table XXXII-Additional References on Surface Phenomena Table XXXm-Additional References on Rheology 


Reference Topic Reference 
~~~~ ~ 


1032 Dynamic surface tension measurements of sur- 
factants (hysteresis curves) by Cahn apparatus 


1033 Critical surface tension of human skin before and 
after extraction of surface lipids estimated as ap- 
proximately 22-30 dynes/cm. 


1034 Use of surface tension and film weight measurements 
in preparation and development of new surfactants 


1035 Surface tension and cohesion in kaolin4ectrolyte- 
water system; results explained in terms of struc- 
ture of electrical double layer and hydrated water 
layer 


Surface tension balance for evaluation of dynamic 
properties of surfactants, such as role of lung 
alveolar surfactant in lung mechanics 


Surface area determination of magnesium hydroxide 
suspensions by adsorption of different dyes and io- 
dine on solid particles 


Surface areas of amorphous calcium phosphate and 
crystalline hydroxyapatite determined by nitrogen 
adsorption measurements; specific surface area of 
crystalline hydroxyapatite samples about 2-4 times 
that of amorphous calcium phosphate samples 


1036 


1037 


1038 


tional entropy of adsorbed loops and tails on the ap- 
proach of a second particle, an osmotic repulsion due to  
the mixing of the adsorbed polymeric clouds when two 
particles approach each other, and van der Waals’ 
attraction between the particles. The adsorbed macro- 
molecules are described by a random-walk model, and 
there is no “bridging” between particles by the macro- 
molecule. According to this theory, in  general, stabiliza- 
tion will be enhanced by long adsorbed chains and an 
extreme size distribution, a high amount of polymer 
adsorbed, a good solvent, a low Hamaker constant, and 
a small particle size (1015). Based on theoretical con- 
siderations, i t  was shown that the type of flocculation, 
either isotropic or anisotropic, depends on the particle 
radius, {-potential, and electrolyte concentrations. The 
relation of kinetic energies to  repulsive energies of 
colloidal particles indicated that the floc growth by 
attachment of new particles at the end of the floc is 
favored in “stable” sols, leading to anisotropic floccula- 
tion (1016). 


Table XXXI provides additional references on dis- 
persed systems. Additional studies of a general nature 
involving surface phenomena are provided in Table 
XXXII. 


Rheology---A modification of the Gauss-Newton 
method for nonlinear regression analysis was applied 
in  describing the flow behavior of non-Newtonian 
systems. Some of the original data employed in the 
derivation of the structure equation of the non-New- 
tonian flow gave a better fit upon reevaluation by the 
nonlinear regression analysis (1039). In a theoretical 
study on the rheological properties of suspensions 
showing time-independent non-Newtonian behavior, 
it was assumed that the bonds between particles are 
broken gradually with an increase in shear stress or 
shear rate. A differential equation derived on the basis 
of this model was compared with other existing equa- 
tions for the flow behavior of suspensions (1040). 
Equations describing the concentration dependency 
in  coherent suspensions on the Bingham yield value, 
plastic viscosity, and plasticity were presented (1041). 


1046 


1047 


1048 


1049 


1050 


1051 


1052 


1053 


1054 


1055 


1056 


1057 


Topic 


Rheological and electrokinetic properties of ka- 
olinite suspensions studied as a function of pH and 
in the presence of long-chain quaternary arnmo- 
nium compounds 


Particle motion in sheared suspensions; existence of 
closed, limiting, and open external streamlines 
around liquid drop in shear flow confirmed ex- 
perimentally 


Principles of minimum energy dissipation applied to 
obtain lower bounds on intrinsic viscosity of a 
polymer molecule consisting of N-spherical beads 


Hydrodynamic forces on touching spheres along line 
of centers exerted by a shear field; theoretical con- 
siderations applicable for analysis of floc stability 
a t  high shear rates 


Viscosities and CMC of aqueous soap solutions 
having C7-f+ carbon chain lengths 


Shear properties of thin liquid films measured be- 
tween optically smooth rubber and glass surface 


Viscosity and local liquid structure of dimethyl sulf- 
oxide-water mixtures 


Rheological properties of sodium carraghenate hy- 
drogel considered suitable for its use in cosmetics 


Setting behavior of precipitated magnesium hy- 
droxide suspension evaluated by viscosity measure- 
ments 


Rheological properties of monoglyceride-water sys- 
tems existing in isotropic, mesomorphic, and dis- 
persed phases 


Stress waves propagation in viscoelastic nonlinear 
dispersed medium; measurements of angular fre- 
quency of perturbation and other rheological prop- 
erties 


Rheological behavior of waterxlay+namel dec- 
trolyte system 


Continuous shear and creep viscometry were used 
to investigate the effect of work softening and recovery 
on the rheological properties of four grades of white 
soft paraffin BP. The data indicated that the loss of 
consistency during working and recovery after working 
were mainly viscous phenomena (1042). The kinetics 
of the rheological properties of acacia solutions prepared 
from the USP grade material were investigated with 
respect to  preservative, temperature, and pH. Apparent 
first-order rate constants, calculated by computer 
analysis of the data, showed an Arrhenius-type relation- 
ship (1043). Organogels prepared from aluminum 
stearate and liquid paraffin were examined by using a 
rotating viscometer fitted with a cone and plate. The 
flow curves were characterized in terms of plastic 
viscosity, apparent viscosity at  fixed rates of shear, and 
the estimated area of the hysteresis loop. Thixotropic 
behavior and the recovery rate were influenced by the 
temperature as well as by the aluminum stearate con- 
centration (1044). Structure formation in gelatin gels 
were studied as a function of gelatin concentration, 
temperature, and addition of urea, using optical rotation 
and light-scattering measurements (1045). 


Additional references on rheology are provided in 
Table XXXIII. 


PHARMACEUTICAL ASPECTS 


Antibiotics-A review of P-lactam antibiotics dealt 
with the description of physical-chemical properties, 
structural relationship to  biological activity of p- 
lactam antibiotics, and inactivation of penicillins and 
cephalosporins by bacterial enzymes (1058). Kinetic 
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evidence was presented for the existence of a metastable 
oxazolone-thiazolidine intermediate in the isomeriza- 
tion of benzylpenicillin methyl ester to methyl benzyl- 
penicillenate in aqueous solution (1059). The effect of 
urine pH on the antibacterial activity of several anti- 
biotics and other antibacterial agents against Esche- 
richia coli was tested in human urine samples. The 
result suggested that the antibacterial therapy of urinary 
tract infection requires the maintenance of the proper 
urinary pH level, depending upon the type of drug 
administered (1060). The in uitro antimicrobial effect 
of kanamycin and gentamicin in combination with 
various other antibiotics was examined. Combinations 
with either ampicillin, chloramphenicol, or tetracycline 
showed a synergistic effect, with optimum concentra- 
tions equal to from one-half to one-sixteenth of the 
minimum inhibitory concentration (MIC) of kana- 
mycin or gentamicin and from one-half to one-eighth 
of the MIC of the second component (1061). 


Griseofulvin dispersed in polyethylene glycol 6000, 
prepared by the melting or solvent method, was found 
to be completely and rapidly absorbed after oral ad- 
ministration to two human subjects. The absorption 
from commercially available micronized drugs was 
irregular and incomplete ( 1062). The chloramphenicol- 
urea binary system was shown as a simple eutectic 
mixture and not a partial solid solution as previously 
proposed by other workers. The increased rate of 
in uitro dissolution and in uiuo absorption of chloram- 
phenicol from such a system was explained on the basis 
of particle-size effect (1063). 


Radiopharmaceuticals-The preparation of radio- 
pharmaceuticals labeled with ‘jsGa, such as 68Ga- 
ethylenediaminetetraacetate, ‘j8Ga-citrate, and 6sGa-ferric 
oxide colloid, was described. Procedures were sug- 
gested for maintaining and testing the sterility and 
apyrogenicity of ‘j8Ga elutions from the generator (1064). 
The need for cleanliness, sterility, and the use of aseptic 
techniques in the preparation of radiopharmaceuticals 
was stressed in a review article (1065). The deposition of 
the 9 9 T ~ m - ~ ~ l f ~ r  colloid in the rubber plunger of a 
disposable syringe was studied. About 10 deposition 
was found when the incubation was delayed in the 
syringe for more than 15 min. (1066). The stability, 
purity, and shelflife of several radiopharmaceutical 
compounds were investigated (1067, 1068). The decom- 
position products of aqueous solutions of radiophar- 
maceuticals after irradiation with ‘j0Co y-rays were de- 
termined as a function of concentration, additives, 
intensity of radiation, and absorbed energy dose (1068). 


Additional references on pharmaceutical aspects are 
listed in Table XXXIV. 


BIOPHARMACEUTICS 


The various publications dealing with biophar- 
maceutics were subdivided according to the areas of 
special interest. However, because of the obvious over- 
lap in subject matter, the reader seeking a thorough 
review should consider the entire section. 


A comprehensive survey of the generic equivalence 
and inequivalence of oral products was presented. The 
need to establish generic equivalence among com- 
mercial products by performing adequate bioavailability 


Table XXXIV-Additional References on 
Pharmaceutical Aspects 


~~ 


Reference Topic 


1069 


1070 


1071 


1072 


1073 


1074 


1075 


1076 


1077 


1078 


1079 


1080 


Antibiotics 
Microbial content determination of 261 batches of 


nonsterile antibiotic U. S. market samples, show- 
ing all to be of acceptable hygienic quality 


Rapid percutaneous drug absorption occurring upon 
application of tincture of W-siccanin (a new anti- 
fungal antibiotic) to the rat skin 


Review of chemical structure of tetracyclines, their 
intestinal absorption, serum concentration, and 
protein binding 


Calculation of approximate rate of continuous in- 
travenous infusion to maintain required antibiotic 
level 


Combination of ampicillin and nalidixic acid found 
nonsynergistic, nonadditive, and nonantagonistic 
in in oitro testing 


Synergistic in uitro bactericidal activity of trimetho- 
prim-sulfamethoxazole combination 


Radiopharmaceuticals 
Survey of preparation of radiopharmaceuticals, par- 


ticularly ggTcm compounds 
Improved binding and stability of g9T~m-iron hy- 


droxide macroaggregates by preparation under 
vacuum and storage at 4” 


Review of radioactive isotopes in pharmacy in ref- 
erence to nuclear medicine and radioactive phar- 
maceutical products 


Review of radiopharmaceuticals, emphasizing radio- 
active materials used for diagnostic purposes 


Metal-binding abilities of radioprotective organic 
thiosulfates 


Review of use of isotopes in metabolic tracer studies, 
autoradiography, biological half-life, and drug 
distribution studies 


tests and establishing correlation between the in uitro 
test results with in uiuo data was emphasized (1081). 
Several examples of the biological inequivalency among 
drug products were cited to illustrate that the “chemical 
equivalency” of the drug dosage forms may not guar- 
antee their “therapeutic equivalency” (1082). A gen- 
eral discussion regarding the biological availability 
information which may be required by the FDA for 
new, old, and future products was presented (1083). 
An approach toward the accumulation and presenta- 
tion of biological availability data for filing new drug 
applications was described (1084). The role of official 
compendia in establishing required standards for the 
assurance of bioavailability of drug products was dis- 
cussed (1085). 


Several studies were aimed toward the development 
of theoretical and in uitro test models as a means to 
elucidate in uiuo drug absorption mechanisms. A dif- 
fusional model, described by Stehle (1086), dealt with 
the steady-state transport of neutral, weakly acidic, 
and weakly basic solutes in the three-phase (“mucosal” 
aqueous-lipid-“serosal” aqueous) system. The im- 
portant feature of the model was the inclusion of 
aqueous diffusion layers in series with the lipid mem- 
brane. Theoretical aspects of this three-phase model in 
conjunction with the pH-partition theory of drug ab- 
sorption were experimentally verified (1086). In similar 
test systems, but considering only one barrier phase, 
four first-order rate constants for the reversible drug 
transport across the lipid barrier were determined 
(1087, 1088). In uitro data were correlated with the in 
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vivo absorption rates across gastric, intestinal, and 
rectal regions of the rat GI tract (1088). The transport 
rates of 19 drugs were determined in a similar test 
system, and the results were correlated with the in 
viuo drug absorption rates in  humans and in rats (1089). 
Permeation characteristics of a polymeric model bio- 
membrane were examined for the transport of salicylic 
acid from aqueous pH 2.0 solution through the syn- 
thetic biomembrane into the aqueous pH 7.4 medium. 
The data indicated the transport of mainly unionized 
lipid-soluble species through the membrane (1090). 
Transport rates for a series of benzoic acid analogs 
across the biomembrane were shown to correlate with : 
(a) in uivo absorption, (6) reciprocal of water solubility, 
and (c) log partition coefficient of the substituent group 
on benzoic acid (1091). Development and testing of 
another polymeric model biomembrane, which appears 
to mimic the in uiuo drug absorption by the passive 
diffusion process, were reported (1092). 


The pharmacokinetic and chemical kinetic processes 
were simulated by means of computer-generated plots. 
The procedure involved successive approximation of 
smooth computed curves, displayed on a video dis- 
play system, to the experimental data points by sys- 
tematized parameter variation (1093). This type of ap- 
proach was employed for evaluation of serum con- 
centration of orally administered cephalexin (1094). 
Analog computer simulation of drug distribution and 
elimination rates, using an open two-compartment 
system, was shown to be in reasonable agreement with 
the experimental excretion data (1095). A digital com- 
puter program suitable for solving differential equa- 
tions involved in various simultaneous kinetic processes 
was described (1096). A nomographic method (1097) 
and an approximate analog computer program (1098) 
were reported for the estimation of appropriate multiple- 
dose regimens. Numerical methods were described for 
the solution of differential equations involved in the 
muhicompartment pharmacokinetic models. Applica- 
tion of this method to a one- or two-compartment 
model, while considering nonlinear protein binding of 
the drug, suggested that the binding should result in 
detectable nonlinearity in the log C versus time plot 
only when the binding sites approach saturation con- 
dition (1099). A one-compartment model was con- 
sidered as too simple to account for the preferential 
distribution of drugs into body fluids. A multicompart- 
ment model may be simulated by the flow of water 
through a series of vessels with varying outflow rates 


Currently used pharmacokinetic models assume that 
the drug administered both intravenously and orally 
initially enters the same vascular pool. However, 
literature data suggest that although a drug is com- 
pletely absorbed, the total area under the plasma level 
curve after oral administration may be considerably 
less than the corresponding area following intravenous 
administration. This has been explained on the basis 
of a “first-pass” effect in the liver. The significance of 
this effect in the design of clinical studies was discussed 
(1 101). Estimation of pharmacokinetic parameters by 
fitting blood level data to a pharmacokinetic model may 
be subject to considerable error (1  102). One such param- 


(1 loo). 


Table XXXV-Additional References on Biopharmaceutics 


Reference Topic 


1 I05 


1106 


1107 


1108 


1109 


1110 


1111 


1112 


1113 


1114 


115 
116 
117 


118 


119 


120 


121 


122 


123 


124 


125 


126 


I27 


Review of use and limitation of pharrnacokinetic 
models in drug metabolism studies 


Summary report of the First International Syrnpo- 
sium on Biopharmacy and Pharrnacokinetics 


Review of factors influencing drug release rates and 
their relation to body disposition and observed 
pharmacological response 


Review of drug interactions and their effect on drug 
absorption, distribution, metabolism, or excre- 
tion; tabulation of drugs that may be involved in 
such interactions 


Review of movement of drugs across biological mem- 
branes presented as a refresher course in phar- 
macology 


Review of absorption of drugs presented as a re- 
fresher course in pharmacology 


Rational design of drug dosage form based on bio- 
logical half-life, frequency of dosage, and duration 
of effect considerations 


Review of pharmaceutical profiling and drug action; 
new knowledge and evidence 


Review of aqueous and lipid solubility, partition co- 
eficient, dissociation constants, surface tension, 
and electronic properties of certain new drugs as 
they relate to pharmacological drug activity 


Review of drug polymorphism and related solubility, 
reactivity, stability, and biological activity 


Review of biological and iir citro availability 
Technique for oral administration of tablets to rats 
Use of partial fraction theorem for obtaining inverse 


Laplace transforms in pharmacokinetic analysis 
Kinetic aspects of biological membrane transport 


processes 
Hemolytic behavior of human erythrocytes in sodium 


and potassium buffers 
Drug distribution in blood and abdominal organs 


after administration ciu a peripheral vein, portal 
vein, and aorta in dogs 


Portal vein blood sampling method for intestinal drug 
absorption studies in rats 


Review of pharmacokinetic and other factors in- 
fluencing drug metabolism and its clinical implica- 
tions 


Review of chemistry, toxicology, pharmacodynamics, 
and mechanism of action of biguanides 


Use of a membrane model (RESOMAT) for iir cifro 
drug release rates and absorption studies 


General discussion of bioavailability and some prin- 
cipal aspects of current bioavailability studies 


Use of Laplace transform for solving differential 
pharmacokinetic rate equations 


Model for estimating drug availability which mimics 
rat gastric absorption 


eter, namely biological half-life, can be utilized for the 
calculation of the exact dosage pattern, provided factors 
such as protein binding, pH of the urine, and variability 
among subjects are considered in  estimating biological 
half-life from the pharmacokinetic model (1 103). 
Gibaldi and Weintraub (1104) showed that the pre- 
mature termination of pharmacokinetic studies may 
yield erroneous underestimates of biological half-life. 


Additional references on biopharmaceutics are pro- 
vided in  Table XXXV. 


Effects of Physicochemical Properties- --Relative rates 
of enzymatic hydrolysis of soluble lincomycin esters in  
dog serum and in  simulated intestinal fluid were de- 
termined by Taraszka (1 128). The significance of thesc 
rates in  terms of in uivo drug activity was discussed. 
The enzymatic hydrolytic rates of several 1-, 2-, and 
3-methyl-2-hydroxyquinolizidines were found uncor- 
relatable with the duration of corneal anesthetic ac- 
tivity of these esters (1 129). The feasibility of achieving 
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desired timed-release action by the enzymatic hydroly- 
sis of fatty acid ester derivatives of acetaminophen was 
investigated. Based on in vitro enzyme hydrolysis rates 
and in vivo blood levels evaluated for a series of fatty 
acid esters of the drug, a suitable timed-release dosage 
form was developed (1 130). 


Hansch and his coworkers established correlations 
between the biological data available in the literature 
on congeneric series of antifungal (1 13 l), hemolytic 
(1 132), and fibrinolytic (1133) agents with their hydro- 
phobic and electronic parameters. In a number of 
examples, antifungal activity closely paralleled with the 
antibacterial and hemolytic activity, suggesting that 
the membrane perturbation may be responsible for the 
biological activity of these fungicides (1 13 1). A mathe- 
matical treatment describing extrathermodynamic struc- 
ture-activity relations for various sets of congeners 
causing hemolysis was presented, and the similarity of 
these equations to those correlating antibacterial action 
and narcosis was discussed (1 132). The relative rates of 
oxidation of drugs by rat liver microsomes were shown 
to be a function of their octanol-water partition coef- 
ficient (1 134). Regression analyses by a modification of 
the Free-Wilson technique were applied to the phen- 
ethylamines as substrates of biosynthetic enzymes of 
sympathetic transmitters. It was shown that the sub- 
stitution contribution to the activity of unsubstituted 
phenethylamine was additive with the use of logarithmic 
activity data; in certain cases the substituent effects were 
related to the Hammett u and the hydrophobic constant 
A values(ll35). 


The antimalarial activities of chloroquine and its 
analogs were subjected to regression analyses by em- 
ploying hydrophobic, steric, and electronic parameters 
in the free energy related structure-activity model. 
The results suggested that hydrophobic or steric prop- 
erties of the terminal amine group of the four-carbon 
side chain along with the charge on nitrogen are im- 
portant in the biological activity of these compounds 
(1 136). Correlations between the hydrophobic, elec- 
tronic, and steric parameters with biological activity 
were established in cases of leucomycin and lincomycin 
antibiotics (1137), CNS active cyclic urea and 
cyclic thiourea derivatives (1 138), CNS active 
lactams and thiolactams (1 139), quaternary ammonium 
antitumor agents (1 140), androgenic steroid esters 
(1 141), and N,N’-bis(dichloroacety1)diamines and sub- 
stituted naphthoquinones for their inhibition of mito- 
chondrial electron-transport activity (1 142). The lipid 
solubility of cardiac glycosides was closely correlated 
with the rates of metabolism in the isolated guinea pig 
liver, whereas only the polar drug metabolites were 
excreted in the bile (1 143, 1144). 


The rate of penetration of quinine, salicylic acid 
and its derivatives, barbital, and lithium across the 
vitreous barrier of the rabbit eye was shown to be the 
function of both the lipid solubility and dissociation 
constant of these drugs (1 145). The local anesthetic 
activity of 4-substituted benzoic acid P-diethylamino- 
ethyl esters was correlated with the carbonyl frequency, 
saponification, U-values, and protein binding proper- 
ties, but not with the pKa, solubility, partition coef- 
ficient, or surface activity (1146). The mechanism of 


bactericidal action of several homologous series of 
quaternary ammonium compounds was investigated 
in terms of their interfacial properties, adsorption a t  the 
interface, and permeation through a protein-phos- 
pholipid film (1 147). For a series of tetracyclines, it was 
shown that with the increased lipophilicity of these 
compounds, their activity against Gram-negative bac- 
teria decreased, whereas the activity against Gram- 
positive bacteria was not influenced by the lipophilic 
characteristics (1 148). 


A method for calculating relative total molecular 
energy as a function of its geometry was utilized in 
predicting structural requirements for biological action 
of muscarinic agents, cholinergics, nicotinic agents, 
histamine, and a-adrenergic agents (1 149). Although it 
is now possible to calculate electronic indexes of the 
drug molecule by means of a high-speed digital com- 
puter and the Schroendinger equation, it was viewed 
that the FreeWilson method using regression analysis 
holds more immediate promise in the drug design with 
optimum biological activity (1 150). A review of quan- 
tum perturbation theory and linear free energy rela- 
tions in the study of drug design was presented by 
Cammarata (1 151). He concluded that judgment on the 
value of physicochemical approaches in the study of 
drug action should be reserved until their full potential 
can be realized. Representation of the lipophilic param- 
eter T in terms of molecular electronic indexes was 
demonstrated for a series of benzoic acid and phenoxy- 
acetic acid derivatives (1 152). A relationship between 
partition coefficient and other measures of lipophilicity, 
notably polarizability and the molar attraction constant, 
was described on the basis of regular solution theory 
(1 153). Quantum perturbation molecular orbital theory, 
combined with multiple-regression techniques, was 
employed to estimate relative variation in perturbation 
energy AE, for a family of tetracyclines. The AEi values 
were in good agreement with the bacteriostatic ac- 
tivity of these compounds and were consistent with the 
hypothesis that the bacteriostatic action is a con- 
sequence of an inhibition in protein synthesis by the 
association of the antibiotic with a ribosomal site 
(1 154). The interdependence between frequently used 
parameters in establishing correlations with the bio- 
logical activity was examined. It was shown that U, 
T, and ER values are not linearly related, whereas 
significant correlations were found for A and molecular 
volume, refractivity and molecular volume, and 
aliphatic r and Taft’s aliphatic E, values. These cor- 
relations were considered important for providing 
guidelines in understanding biological mechanisms of 
drug action and in drug molecular design (1155). 
Snyder (1156) presented a review of the electronic, 
steric, and bioc+emical properties of psychedelic 
drugs in relation to their biological activity. The in- 
fluence of steric and electronic factors upon the ac- 
tivity of several hallucinogenic drugs was evaluated 
(1157). 


Additional studies on the effects of physicochemical 
properties on drug absorption are listed in Table 
XXXVI. 


Effects of Formulation-The influence of particle 
size on solubility, GI  and dermal absorption, toxicity, 
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and therapeutic effectiveness of a number of drugs was 
reviewed (1 177). I n  another review article, the standards 
established for particle size in several pharmacopeias 
and the relation between particulate state of a drug and 
the therapeutic effectiveness were discussed (1 178). 
Phenobarbital suspensions containing drug particles of 
different size ranges were administered intramuscularly 
to beagle dogs. The data suggested that the biological 
availability of phenobarbital in  terms of the duration of 
action can be controlled by the drug particle size (1 179). 
The influence of particle size upon GI absorption and 
physiological availability was shown for l-benzenesul- 
fonyl-5,5-diphenylhydantoin (1 180) and for nitro- 
furantoin drugs (1 181). Oral administration of aspirin 
in  the solution form yielded 3 0 z  faster drug absorption 
in  humans than by administration of the drug in  tablet 
form. The peak levels were reached in 30 min. after 
administration of a solution as compared to 60 min. 
after the tablets ( 1  182). 


Variation in  the physiological availability of chlor- 
amphenicol among different solid dosage formulations 
and their dissolution characteristics were evaluated 
( 1  183, 1184). I n  one study, significant differences in the 
apparent absorption rate and peak serum concentra- 
tion i n  humans were observed among 14 different com- 
mercial oral chloramphenicol preparations; the dif- 
ferences were correlatable with the in vitro dissolution 
rates of these products (1183). However, in  another 
study, no such correlation between absorption and 
dissolution rates of chloramphenicol tablets was ob- 
tained (1 184). Considerable differences in the drug 
availability were observed upon oral administration of 
chloramphenicol to dogs in capsule and i n  solution 
forms or by intramuscular injection (1 185). The bio- 
availability of lithium carbonate from a capsule dosage 
form was shown to be equivalent to that of the solution 
but was considerably less from a timed-release tablet 
dosage form (‘1 186). The dissolution characteristics of 
two capsule formulations of sodium diphenylhydantoin 
were studied under varying in oitro test conditions. The 
dissolution rates of these formulations correlated with 
their bioavailability characteristics i n  humans (1 187). 
The in vifro dissolution rates of eight brands of sul- 
fadiazine tablets were compared with the blood and 
urine levels obtained by these brands. The time re- 
quired for l o x  of the drug to dissolve measured by the 
it7 cifro test did not correlate with the in uico results 
( I  188). I n  a similar study, in vitro dissolution rates 
of eight sulfisoxazale tablets were compared with their 
in civo availability. I n  this case, the time required for 
20% of the drug to dissolve from these samples showed 
a rank order correlation with the in viuo results (1 189). 


The rate of absorption and bioavailability of war- 
farin in  humans following oral administration of the 
tablet dosage forms were assessed by pharmacokinetic 
and statistical analyses of the plasma concentration 
data. I t  was shown that the rate of absorption was about 
twice as fast from the five 5-mg. tablets as from the 
one 25-mg. tablet, and the relative absorption from one 
25-mg. tablet was only about 80% that of the five 
5-mg. tablets. Furthermore, it was shown that the in 
vifro dissolution rates of different brands of warfarin 
tablets correlated with the in vivo rate of drug absorp- 


Table XXXVI-Additional Studies on Effects of 
Physicochemical Properties 


Reference Topic 


1158 


1159 


1160 


161 


162 


163 


164 


165 


166 


1 67 


I68 
169 


1170 


1171 


1172 


1173 


1174 


I175 


1176 


Review of structure-activity relationships in pep- 
tides 


Review concerning conformations of peptide anti- 
biotics in solution and their biological activity 


Review of structure-activity correlation of amphet- 
amines 


Review of physiological and physicochemical bases 
of drug interactions in man; aspects of physico- 
chemical factors, dose-dependent metabolism, and 
competitive protein binding 


Review of pharmacokinetic properties of sulfon- 
arnides in relation to certain ’ physicochemical 
parameters 


Influence of molecular weight of hydroxyethyl starch 
on its physicochemical and biological properties 


Passage of sulfonamides through human placenta 
during early pregnancy correlated with the physi- 
cochemical properties of the drug 


Review of relation between chemical structure and 
pharmacological activity of drugs 


Relationship between antioxidant ac!ivity and anti- 
hernolytic activity of vitamin E derivatives irr cirro 


Review concerning hydrophobic, electronic, steric, 
quantum chemical, and thermodynamic parameters 
in drug design 


Physicochemical factors influencing drug absorption 
Review of factors influencing rate of drug absorption 


and physical characteristics which affect thera- 
peutic quality of raw material (surface, polymor- 
phism, solvates, salt forms, erc.) 


Effects of substituents on hydrolysis of N-acyltrypt- 
amines in rats 


Hemolytic potency of tricyclic amines (phenothi- 
azines) correlated with ATPase inhibition, surface 
activity, and partition coefficient 


Structure-activity relationships in 4-aminoquinolioe 
antimalarials 


Evaluation of hydrophobic or van der Waals’ forces 
in relation to binding of a series of N-alkyl-sub- 
stituted normeperidine homologs to  acylcholin- 
esterases 


Angina-protecting effect of chromone-2-carboxylate 
salts increasing with increase in pKa of the base 
drug 


Relative absorption of theophylline, quinine, ephe- 
drine, tolazoline, antipyrine, amidopyrine, erc., in 
rats correlated with RJ values determined by par- 
tition chromatography 


Effect of chain length and ring substitution on metab- 
olism, distribution, and biological action of am- 
phetamines 


tion (1 190). A protocol for comparing physiological 
availability of 10 dosage forms of acetaminophen was 
presented, with specific details on toxicity of the drug, 
safety precautions, experimental design, and dosage 
regimen. The blood and urine levels of acetaminophen 
in 10 human subjects obtained according to this pro- 
tocol established bioequivalency among a control 
solution, eight lots of tablets, and an elixir (1 191). The 
bioavailability of nitroglycerin in man from a controlled- 
release tablet form was mathematically correlated with 
the in virro dissolution rate (1 192). Timed-release tablet 
formulations of prednisolone phosphate (1 193), al- 
prenolol (1 194), and a new anorectic agent 4’-chloro-2- 
(ethy1amino)propiophenone (1 195) were prepared and 
tested for their prolongation of in uifro and in viuo 
drug release characteristics. 


Various aspects of percutaneous drug absorption, 
including histology and physiology of skin, nature of 
vehicles, factors influencing the rate of absorption, and 
methods for evaluating percutaneous absorption, were 
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discussed (1 196). The penetration of fluocinolone ace- 
tonide and fluocinonide steroids through human ab- 
dominal skin and across a membrane was investigated 
as a function of the propylene glycol-water vehicle 
composition. Terms from the flux equation describing 
the passive transport of the two steroids across a 
membrane were shown to be useful in predicting the 
optimal composition of the vehicle (1197, 1198). In a 
similar study, a rank order correlation was obtained 
between the in vitro release of fluocinonide from topical 
creams, the percentage of drug solubilized, and the 
in vivo drug response. The results demonstrated the 
significance of vehicle composition, drug solubility in 
the vehicle, and the usefulness of in vitro release tests 
in predicting vehicle efficacy (1 199). The composition 
of the vehicle and drug solubility were considered as 
important factors in the absorption of glycol salicylate 
from ointments upon topical or rectal administration 
(1200). The rate of penetration of salicylic acid and 
resorcinol through isolated human abdominal skin was 
studied as a function of drug solution concentration in 
aqueous and organic solvents (1 201). 


An in uivo isotope technique was employed to  evaluate 
the role of petrolatum, water, and sodium lauryl sulfate 
upon the percutaneous absorption of sodium chromate, 
cobaltous chloride, and mercuric chloride in guinea 
pigs. Absorption was higher from aqueous media and 
by the use of surfactant than from petrolatum (1202). 
The percutaneous absorption rates of sulfanilamide- 35S 
from an aqueous bentonite ointment base, hydro- 
genated castor oil, and a mixture of lanolin and petro- 
latum were compared. The extent of drug release ob- 
tained from these vehicles were in the order: hydro- 
genated castor oil > bentonite base > lanolin-petro- 
latum mixture (1203). The absorption, excretion, and 
biotransformation of dimethyl sulfoxide obtained after 
topical application of dimethyl sulfoxide, 8 O z  gel, to 
humans were investigated. Approximately 25-40 % of 
the total dimethyl sulfoxide applied was absorbed 
within 30 min. Dimethyl sulfoxide was transformed into 
dimethyl sulfone and dimethylsulfide; the former was 
excreted in the urine and the latter was eliminated in 
expired air (1204). 


A hydrophilic corneoscleral lens (Hydron), composed 
of ethylene dimethacrylate-2-hydroxyethyl methacry- 
late copolymer, was used as a drug delivery system in 
the treatment of corneal disease. The diffusion coef- 
ficient for the drug pilocarpine hydrochloride through 
the lens of -1.6 X cm.2/sec., with the perme- 
ability coefficient ranging from 1 X lo-’ to  5 X 
cm.2/sec., was reported (1205). The penetration of 
fluorescein eyedrops into human aqueous humor was 
measured to determine the effect of vehicle viscosity on 
the rate of penetration. Methylcellulose gave increased 
penetration independent of the viscosity, whereas only 
higher viscosity polyvinyl alcohol was effective in 
producing rapid drug penetration (1206). A number of 
surface-active agents increased the penetration of 
fluorescein eyedrops into the eye, with up to a five- 
fold increase obtained by the mixture of polysorbate 20 
(Tween 20) and polyoxyethylene alkyl ethers (Brij 35) 
surfactants (1207). Since the hypertonic fluorescein 
eyedrops are immediately diluted in the human eye, 


drug penetration is not facilitated by the administra- 
tion of hypertonic eyedrop solutions (1208). 


Additional studies on the effects of formulation are 
listed in Table XXXVII. 


Absorption Control and Alteration-This section of 
biopharmaceutics is comprised of studies related to 
control and alteration of drug absorption by coadmin- 
istration of drugs or a drug with other chemical agents, 
disease, blood flow, fasting, route of administration, 
and age. 


The role of bile salts in the intestinal absorption of 
drugs was investigated by considering: (a) the inter- 
actions of bile salts with biological membranes and 
their influence upon drug absorption, (b)  the effect of 
bile salt administration on bile flow, and (c) the in- 
fluence of bile flow on the absorption of a poorly water- 
soluble drug, sulfadiazine. It was shown that the per- 
meability of the biological membrane to drugs is in- 
fluenced by the adsorption of a conjugated bile salt, 
sodium taurodeoxycholate, to  the membrane (1239). 
The absorption of sulfadiazine was determined in rat 
intestine loops in situ under four experimental con- 
ditions-viz., control, bile duct ligation, sham bile 
duct ligation, and sodium dehydrocholate-stimulated 
bile flow. Enhanced bile flow increased the absorption 
of the drug about SO%, apparently by increasing the 
solubility and dissolution rate of sulfadiazine. The 
results suggested that bile plays an important, al- 
though not critical, role in the absorption of sulfadiazine 
(1240). The effect of bile upon absorption of L-thyroxine 
and L-triiodothyronine was measured in washed loops 
of rat intestine in vivo, both in the presence and in the 
absence of plasma protein. The data indicated that 
bile contains a small molecular weight substance which 
competes with plasma protein for thyroxine binding, 
or that bile may reduce the binding capacity of thyroxine 
with plasma protein (1241). Although the bile com- 
ponents, taurocholic acid and glycocholic acid, en- 
hanced the absorption of salicylates through the rat 
digestive tract, the secreted bile juice and cholic acid 
had the opposite effect of inhibiting their absorption 
(1 24 2). 


The passive transfer of several drugs across the 
everted rat intestine can be significantly decreased by 
the presence of materials causing tissue fluid uptake- 
viz., glucose and xylose (1243). This was further con- 
firmed by the results showing the influence of hypo- 
tonic and hypertonic solutions on the passive drug 
transfer across the everted rat intestine (1244). Addi- 
tional studies concerning potassium-ion inhibition of 
drug transfer across the everted rat intestine sub- 
stantiated the proposed mechanism that polar drug 
molecules traverse through intercellular channels exist- 
ing between the mucosal epithelium cells. In the presence 
of agents like glucose and potassium ions, which cause 
tissue fluid uptake, the drug transport is inhibited by 
the narrowing of the apical portion of the intercellular 
channel (1 245,1246). 


The absorption of soluble antibiotics in the presence 
of surface-active absorption promoters was studied in 
the doubly ligated stomach, in the ligated small in- 
testine, and in the intact GI  tract of the rat. The results 
suggested that in the intact GI tract, rapid but transient 
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Table XXXW-Additional References on Effects of Formulation 


Reference Topic Reference Topic 


1 209 


1210 


1211 


1212 
1213 


1214 


1215 


1216 


1217 


1218 


1219 


1220 


I221 


I222 


Review of drug interactions in the pharmaceutical 
preparations 


Relation between absorption from various formula- 
tions and the dissolution process; use of a “Sar- 
torius dissolution apparatus” 


Rate and extent of oral absorption of norsulfasol in 
rabhits from hydrophilized and oil emulsified prep- 
arations 


Potassium absorption from sustained-release tablets 
Continuous release of cyproterone acetate from sub- 


cutaneous silastic capsules tested for fertility con- 
trol in male rats 


Development of a two-layer sustained-release nitro- 
glycerin-proxyphylline tablet ; buccal and oral 
absorption studies 


Dissolution rates of drugs from tablets after simula- 
tion of different modes of intake: (a) tablets swal- 
lowed whole, ( h )  after disintegration in water, and 
( r )  after chewing 


Effect of formulation of anagestone acetate on pro- 
gestational proliferation of rabbit uterus after oral 
administration 


Serum salicylate levels in rats following administra- 
tion of salicylic acid and sodium salicylate sup- 
positories 


Dissolution rates of eight brands of acetaminophen 
tablets determined by three in cirro dissolution test 
methods: 111 cirro rates not completely correlatable 
with iu cico blood level and urinary excretion data 


No significant differences found in phenylbutazone 
metabolite blood levels after oral administration of 
drug in tablets or in solution forms 


Physiological availability of solid dosage forms of 
phenylbutazone: correlation of irr ciuo availability 
with O r  citro dissolution parameters 


Influence of physical-chemical properties of drug. 
formulation interactions. and urinary pH upon bio- 
logical activity of drug; experimental data pre- 
sented for several drugs 


Serum levels following administration of indo- 
methacin suppositories to humans were about 60% 
that of the serum levels obtained with capsules 


I223 


1224 


1225 


1226 


1227 


1228 


1229 


I230 


1231 


1232 


1233 


1234 


1235 


1236 


1237 


1238 


Halogenated salicylanilide solubiljzed by nonionic 
surfactants shown to be biologicaly active upon 
appropriate dilution of drug solution with water 


Release of boric acid, paraformaldehyde, sulfathi- 
azole, chloramphenicol, and other active drugs 
from powder mixtures of drug with highly dis- 
persed colloidal silicon dioxide determined by agar- 
dish method 


Use of colloidal silicon dioxide in wound dusting 
powder superior in in cioo testing to use of talc 


The dog as a quantitative model for evaluation of 
nondisintegrating sustained-release tablets found 
satisfactory; specific limitations of the model dis- 
cussed 


Oral administration of thiamine and riboflavin in 
highly viscous solutions to humans not influencing 
rate and extent of absorption 


Percutaneous absorption of salicylic acid 2-hydrexy- 
ethyl ester ointment -3.6% in 1 hr. after topical 
application to  human subjects 


Lipid-soluble and water-soluble N,N-dialkylnicotin- 
amides. when employed as topical drug vehicles, 
increasing skin penetration of active drugs 


Transcorneal biphasic availability of tropicamide; 
quantitative approach for evaluation and design of 
ophthalmic drug vehicles 


Aluminum hydroxide gel preparations, evaluation of 
sedimentation rates, antigen binding, and macro- 
phage reactions in experimental animals 


Potency of chlordia7epoxide. diazepam. medazepam. 
and nitrazepam in mice after intraperitoneal in- 
jection of drugs in various vehicle solvents 


Plasma levels and urinary excretion after intramus- 
cular injection of triamcinolone acetonide 


Absorption of sulfonamides from several types of 
suppository bases 


Salicylate absorption from six different suppository 
bases 


Effect of vehicle dielectric properties on rectal ab- 
sorption of acetaminophen 


In oirro and in oico studies of sulfonamide uptake and 
absorption from suppositories 


Excipients for rectal and parenteral administration 
of antibiotics and their in cirro-in cico drug release 
characteristics 


promoted absorption occurs in  the duodenum-small 
intestine portion, with little contribution from pro- 
moted gastric absorption (1247). The rate of absorption 
of p-aminohippurate and D-xylose across the isolated 
rat intestine was retarded by tetracycline, whereas 
absorption was promoted by calcium chelating agents 
( 1  248). Simultaneous administration of aminopyrine 
with antihistamines was shown to yield increased ab- 
sorption of aminopyrine in the rat intestinal tract 
(1249). Similarly, administration of aminopyrine with 
barbital yielded increased blood levels of aminopyrine 
in  rabbits, possibly due to an increased stomach empty- 
ing action of barbital (1 250). 


The influence of food on the oral absorption of 
phenobarbital was studied in rats. The presence of food 
decreased the initial rate of absorption, primarily due 
to slowcd gastric emptying ( I  25 1). The effect of various 
foods on the absorption of neomycin from the GI 
tract of mice was reported (1252). Various high carbo- 
hydrate, high protein, and high lipid test meals were 
administered concurrently with acetaminophen tablets 
to human subjects to study the effects of foods on the 
GI absorption of this drug. Although the rate of drug 
absorption was influenced by the type of test meal 
administered. the total amount of absorption at  the 


end of 9 hr. showed little difference among test meals 
(1253). Levy (1254) showed that the systemic avail- 
ability of acetaminophen, when administered as such, 
is essentially the same as when administered in the 
form of its precursor acetophenetidin. These results 
suggested that the extent of inactivation of acetamino- 
phen during absorption from the GI tract is relatively 
minor. The reason for the potentiation of reserpine 
taken orally as reserpine-bile acid coprecipitatcs seemed 
to be due to  physicochemical factors rather than to 
pharmacological factors (1255). Succinic acid in 1.1- 
g./day amounts, administered orally on alternate days, 
increased the oral absorption of iron in subjects made 
anemic by frequent phlebotomy. About 20.9 and 13.5% 
of the administered iron were absorbed when given 
with and without succinic acid, respectively (1 256). 


The effects of nonsystemic GI drugs-uiz., cholestyr- 
amine, an antacid mixture, and psyllium mucilloid, 
upon the oral absorption of warfarin were studied by 
concurrent administration of warfarin with the non- 
systemic drugs. Cholestyramine resin significantly de- 
creased the plasma levels of warfarin, but thc antacid 
and psyllium colloid did not alter plasma levels of war- 
farin. In D i m  experiments demonstrated significant 
binding of warfarin to cholestyramine above pH 5.5 
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Table XXXVm-Additional References on Absorption Control and Alteration 


Reference Topic Reference Topic 


1263 


1264 


1265 


1266 


1267 


1268 


1269 


1270 


1271 


1212 


1273 


1274 


1275 


1276 


1277 


1278 


1279 


1280 


1281 


1282 


Glycine conjugation and accumulation of benzoic 
acid in rat intestinal tissue 


Salicylate and acetanilide transfer across rat intestinal 
musculature after edetic acid treatment 


Effect of surfactants on intestinal permeability to 
glucose in uitro 


Intestinal glucose absorption depressed in humans 
and dogs by phenethylbiguanide or butylbi- 


~ . .  
guanide 


Inhibition of lactose hvdrolvsis by dietary sugars . -  
studied in rat intestine . 


Effect of protein diet upon urine pH reflected in the 
excretion rate of amphetamine 


p-Aminosalicylic acid impeding GI absorption of 
rifampicin in man 


Review of reduction of drug action due to  decreased 
bioavailability and pharmacological incompati- 
bility by interactions between drugs 


Dicumarol inhibiting active transport of galactose 
through rat intestine sac 


Absorption of molecular compounds of aminopyrine 
through rat intestine 


Kinetics of increased vascular permeability induced 
in rat skin by serotonin 


Penetration of procaine hydrochloride through in- 
verted gastric sac of rat reduced by increase in 
drug concentration and Tween 80 


Factors affecting drug absorption, including gastric 
emptying, intestinal moJility, food, viscosity, blood 
flow, and drug interacttons 


Review of potential dangers inherent in concurrent 
administration of two or more drugs 


Urinary excretion of bucolome in healthy adults 
being delayed by concurrent dosage of aspirin 


Elimination of phenacetin and phenazone by man be- 
fore and after treatment with phenobarbital; 
elimination rate of phenazone being increased by 
4 0 z  after treatment with phenobarbital 


Effect of neomycin on absorption of glucose from 
small intestine of rats and on morphology of in- 
testinal mucosa 


A cholecalciferol metabolite found highly active in 
promoting intestinal calcium transport 


Calcium in divided doses producing greater absorp- 
tion than a single daily dose 


Kinetics of intestinal iron, absorption in rats, and 
influence of cobalt upon iron absorption 


1283 
1284 


1285 


1286 


1287 


1288 


1289 


1290 


1291 


1292 


1293 


1294 


29 5 


296 


297 


298 


1299 


1300 


Effect of fever on iron absorption 
Absorption and metabolism of guanethidine in hy- 


pertensive patients requiring different doses of 
drug 


Absorption, distribution, and excretion of cephalo- 
thin, cephaloridine, cephaloglycin, and cephalexin 
in normal subjects 


Complex formation between calcium phosphate and 
acidic phospholipids involved in migration of cal- 
cium ions from aqueous to organic phase 


Complexation of novocaine with polyvinylpyrroli- 
done prolonging analgesic action of novocaine 


Effect of aminopterin on lipid absorption, depression 
of lipid-reesterifying enzymes 


Effect of 2-(diethylamino)ethyl 2,2-diphenylvalerate 
hydrochloride on gastric emptying rate and absorp- 
tion rate of sulfacetamide in rats 


Buffer constituent effect on transfer of salicylate and 
acetanilide across in uitro rat intestine 


Influence of various drugs on connective tissue per- 
meability in rats 


Effect of methyl phenyldiazenecarboxylate on cation 
transport and permeability of rat lens studied in 
uitro using 86Rb 


Intracutaneous absorption of hydrocortisone from 
guinea pig skin increasing with increasing con- 
centration of dimethyl sulfoxide 


Effect of surfactants on GI absorption of acetyl- 
salicylic acid in rats 


Inhibition of the active intestinal glucose absorption 
after oral and intravenous administration of tetra- 
cycline to rats 


Enhanced absorption of atropine sulfate, amino- 
pyrine, and sodium salicylate attained in rats by 
oral administration of relatively dilute drug solu- 
tions 


Penetration of phenazone, sodium salicylate, tetra- 
ethylammonium, and phenolsulfonphthalein across 
inverted rat gut greater in 10-day-old rats than in 
30- or 120-day-old animals 


Influence of blood flow on absorption of urea, 
methanol, and ethanol from jejunum of rats 


Normal and surfactant-promoted absorption of 
vitamin Bl2 from ligated stomach and intact in- 
testine of rats 


Absorption and excretion of rifampicin in newborns 
and children 


(1 25’1). Levodopa, when given with L-phenylalanine, 
decreased the absorption of L-phenylalanine in nine 
patients with Parkinson’s disease. However, levodopa 
did not affect the plasma disappearance curve of intra- 
venously injected L-phenylalanine (1 258). The absorp- 
tion of tetracycline, oxytetracycline, methacycline, and 
doxycycline in human subjects was considerably im- 
paired by the simultaneous administration of 200 mg. 
ferrous sulfate. The mean serum levels were about 40- 
90 lower when administered with ferrous ion (1259). 
Chelation is usually considered to be the mechanism 
responsible for the decreased absorption of tetracycline 
and other antibiotics in the presence of antacids con- 
taining polyvalent cations. However, it has been 
demonstrated that tetracycline absorption can be re- 
duced to a similar extent by a nonchelating sodium 
bicarbonate antacid. This effect of sodium bicarbonate 
appeared to be due to slower dissolution of tetra- 
cycline in less acidic gastric media, which leads to de- 
creased drug absorption. Any substance or condition 
that may elevate gastric pH may decrease dissolution 
and, hence, absorption of tetracycline (1260). 


It has been shown that the protein binding of drugs 
occurring in eye fluids and tissues has a profound 
effect on the transport and distribution of drugs in the 
eye. Consequently, competitive inhibition of this in- 
teraction may yield shortened lag time to  drug therapy, 
lower dose requirements, and fewer side effects. These 
concepts were substantiated by experimental studies 
showing increased biological activity of drugs in the 
rabbit eye due to competitive inhibition of drug- 
protein interactions (1261). Such a mechanism was 
also attributed to the enhanced phenobarbital narcosis 
by having other drugs compete for the serum protein 
binding sites (1262). 


Additional references on absorption control and 
alteration are given in Table XXXVIII. 


Absorption Mechanism-The disappearance of sal- 
icylic acid and certain other drugs from the in situ rat 
gut lumen was found to be monoexponential, while 
certain highly lipid-soluble drugs exhibited biexponential 
disappearance in the same preparation. Experiments 
with an in vitro three-phase model for drug absorption 
suggested that monoexponential disappearance from 
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the lumen can be expected when there is negligible 
accumulation of drug in the membrane, whereas the 
biexponential disappearance suggests appreciable ac- 
cumulation of drug in the membrane (1301). A theo- 
retical basis was developed for the performance of 
drug absorption analysis from the data obtained from 
the observation of the time course of pharmacological 
response intensity following single, multiple, or con- 
tinuous dosing of a drug by any route of administra- 
tion. This approach was applied for the interpretation 
of mydriatic response in rabbits obtained upon intraven- 
ous infusion of tropicamide (1302) and for the absorp- 
tion of tridihexethyl chloride following oral and 
ophthalmic administration (1303). 


Bile acid and fatty acid uptake from micellar solu- 
tions by intestinal cells failed to reflect the incremental 
free energy changes expected for permeation that is 
rate limited by cell membranes. However, altering the 
size of the diffusing particle or the thickness of the un- 
stirred layer did change the uptake. These observa- 
tions suggested that the unstirred water layer is the 
rate-limiting barrier for intestinal absorption of lipids 
from micellar solutions (1304). The rate of diffusion of 
drugs through stationary water layers as the rate- 
limiting process in  their action at membrane receptors 
was verified by the study of contraction response of 
guinea pig ileum to drugs and the depolarization of the 
rat isolated sympathetic ganglion to  acetylcholine in 
the presence of eserine. Diffusion half-times measured 
in pieces of ileum were 4.13 for acetylcholine, 3.60 for 
carbamylcholine. and 1.01 sec. for potassium chloride. 
The equivalent thicknesses of the stationary layer calcu- 
lated from these values were, respectively, 93, 87, and 
70pm. (1305). 


The permeability of rat tongue epithelium was in- 
vestigated to provide information on the accessibility 
of free lingual nerve endings to  chemical stimuli. The 
rate of penetration from both the rat tongue epithelium 
and rat skin increased with the increase in the ether- 
water partition coefficient of the penetrant. In  general, 
the tongue epithelium appeared to be as effective a 
barrier to  chemical penetration as the skin (1306). 
The buccal absorption of 31 aromatic and aliphatic 
acids and 10 basic drugs in human subjects showed a 
parabolic relationship with the logarithm of octanol- 
water partition coefficient. The optimum partition co- 
efficient for maximum buccal absorption was in the 
range of 104.'-105.'. The log of the permeability con- 
stant of a series of alcohols and steroids was linearly 
related to the log of the partition coefficient measured in 
three different solvent systems (1307). Ho and Higuchi 
(1308) provided a rigorous application of the physical 
model approach, apparently for the first time, to  the 
mechanistic and quantitative interpretation of the in 
uioo buccal absorption of drugs. The results of Beckett 
and Moffat' on the buccal absorption of n-alkanoic 
acids were shown to be in  excellent agreement with the 
theoretical considerations. A self-consistent, biophys- 
ically meaningful factor of 2.33 was estimated for the 


I Added it1 press: A.  H .  Beckett and A.  C. Moffat. J .  Pharm. 
Phurniacol.. 20,2395(1968). 


Table XXXIX-Additional References on the 
Absorption Mechanism 


Reference Topic 


1312 


1313 


1314 


1315 


1316 


1317 


1318 


1319 


1320 


1321 


1322 


323 
324 


325 


3 26 


327 


328 


1329 


1330 


1331 


1332 


1333 


Review of permeability of physiological barriers with 
respect to drugs 


Review of mechanisms of drug absorption, displace- 
ment, excretion, biotransformation, and enzyme 
induction 


Absorption of some organic compounds from biliary 
system of rats 


Screening of antimitotic drugs for topical effective- 
ness by intravaginal and intrarectal testing 


Review of factors influencing percutaneous absorp- 
tion and pathways of metabolic transformation of 
hydrocortisone by skin tissue 


Cholesterol and bile salt influxes across brush border 
of rabbit jejunum 


Isolation of dimethyl sulfoxide-soluble components 
from human epidermal preparations; a possible 
mechanism of action of dimethyl sulfoxide in ef- 
fecting percutaneous migration phenomena 


Transport of phenols across isolated human skin 
lipid barrier 


Diffusion of sodium shown to occur exclusively in 
extracellular space of bovine lens cortex 


Absorption rates of drugs administered intramus- 
cularly governed by blood flow rather than dif- 
fusion coefficient of drug 


Surface and interfacial properties of some pheno- 
thiazine analogs, and role of lecithin in promoting 
cation transport through lipid cell membranes 


Absorption of oleic acid by guinea pig gallbladder 
Mechanism ofcobalt and iron absorption in proximal 


and distal portions of intestine 
Decomposition of chlorpromazine during absorption 


in rat intestine in u'oo and in cirro 
Specific physiologic mechanisms underlying role of 


lymphatics in absorption and distribution of drugs 
Mechanism of GI absorption of pteroylmonoglu- 


tamic acid in man and effect of intraluminal pH on 
drug absorption 


Pharmacodynamics and biotransformation of penta- 
erythritol tetranitrate in man; rapid deesterifica- 
tion of pentaerythritol tetranitrate to mononitrate 
after oral ingestion 


Calcium absorption in rat intestinal loops shown. to 
occur both by active transport and by diffusion 
process 


Extent of digitoxin absorption in man from stomach, 
duodenum, and upper jejunum 


Absorption of warfarin from stomach and small in- 
testine 


Selective permeability for fructose from small in- 
testine of rat and rabbit 


Route of absorption of intraperitoneally adminis- 
tered drugs studied by following drug appearance 
rates in liver and in systemic circulation of rats 


buccal lipoidal membrane-aqueous incremental par- 
tition constant for a methylene group. A model involv- 
ing protein binding proposed for the buccal absorption 
of drugs was found consistent with the in uiuo results 
(1309). The extent of buccal absorption of 16 p-sub- 
stituted acetanilides showed a parabolic relation to  
the analgesic activity. The correlation appeared slightly 
better than that between log partition coefficient and 
analgesic activity (13 10). The buccal absorption of five 
barbiturates was determined over the pH range 3-9. 
No correlation between the absorption and chloroform- 
0.1 N HCI partition coefficient was apparent, suggesting 
that the adsorptive power of the buffer-buccal membrane 
interface may represent more exactly the real affinity 
of the membrane for barbiturates than the partition 
coefficients with chloroform (131 1). 


Additional references on the absorption mechanism 
are provided in Table XXXIX. 
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Table XL-Additional References on Drug Absorption 


Reference Topic 


1350 


1351 


1352 


1353 
I354 


1355 


1356 


1357 


1358 


1359 
1360 


1361 
1362 


1363 


1364 


1365 


I366 


I367 


1368 


1369 


1370 


1371 


1372 


1373 
1374 


1375 


Comparafive effects of orally administered iron an- 
tianemics 


Absorption, distribution, and excretion of “C-ke- 
buzon and I4C-trimetazone in rats 


Establishment of dosing schedules for steady blood 
levels of quinidine in prolonged therapy 


Absorption of erythromycin from rectal suppositories 
Absorption, distribution, metabolism, and excretion 


of 14C-labeled rifampicin in the rat 
Blood, bile, urine, and fecal levels of sulfiodizole 


administered to animals and humans 
Absorption, distribution, and elimination of metroni- 


dazole in rats after oral administration 
Absorption and excretion studies of nitrofuran 


derivatives 
Absorption studies of orally administered 3H-thalid- 


omide in rabbits and rats 
Intestinal absorption of rutosides 
Absorption and excretion of 12 hypnotics in man 


and animals 
Absorption studies of metoclopramide in rabbit 
Absorption, distribution, and excretion study of 


propranolol in rat, dog, and monkey 
1tz viuo absorption studies of a-carboxy-3-thienyl- 


methylpenicillin in mice, rats, dogs, and squirrel 
monkeys 


Absorption and excretion of a-carboxy-3-thienyl- 
methylpenicillin in man 


Comparative study of absorption and excretion of 
pivampicillin and ampicillin 


Absorption and excretion in man of a-amino-p- 
h ydrox ybenzylpenicillin 


bz oioo evaluation of a-amino-p-hydroxybenzylpen- . .  
icillin in animals 


Excretion of sulfaguanidine, sulfadiazine, antioyrine. . -  . 
and aminopyrine in human eccrine sweat 


Absorption and excretion behavior of 35S-encephabol 
in man and rat 


Studies of absorption, distribution, excretion, and 
metabolism of piromidic acid in man and animals 


Serum and sputum levels of some antibiotics of pa- 
tients with cystic fibrosis or with bronchiectasis 


Comparative enteral absorption of some cardiac 
glycosides in rat using itz ciao and iiz uitro methods 


Intestinal absorption of sodium ferric gluconate 
Comparative studies on absorption of some tritiated 


cardiac glycosides in rats and guinea pigs 
Absorption of some phosphorylated pyridoxines in 


humans and animals 


Drug Absorption-Encapsulated b~nolol-’~C was 
found to be absorbed quickly by dogs (1334). The peak 
blood level 1 hr. after treatment corresponded to 4.6% 
of the dose. In a study of the oral administration of 
3H-ouabain, the amount administered was found to be 
linearly related to the amount absorbed across the in- 
testinal wall in the guinea pig (1335). Plasma levels and 
urinary excretion of disodium cromoglycate after in- 
halation by human volunteers were determined (1336). 
The powder that reached the lungs was absorbed rapidly, 
with plasma levels reaching a peak concentration 20 
min. after inhalation. Total deposition in the lungs of 
about 7.5% of the dose was indicated, as contrasted to 
about 1 absorbed by oral administration. An orally 
administered aqueous solution of toxogonin produced 
dose-related blood levels of oxime which were lower 
than those found with similar doses of 2-pyridinium 
aldoxime niethochloride (1337). 


An investigation in children of the absorption of 
amorphous and polymorph A forms of chloramphenicol 
palmitate suspensions made with polysorbate 80 showed 
that both forms were absorbed (1338). Although the 


absorption of the amorphous form was definitely su- 
perior, the polymorph A form in suspension with a 
surfactant was also absorbed to a considerable extent in 
children, maintaining blood levels of chloramphenicol 
for a prolonged period. The lack of significant absorp- 
tion of cephaloridine in rats was apparently due to its 
low rate of absorption by the small intestines and rapid 
degradation in the lower intestine (1339). Cephalexin, 
which was less susceptible to this enzymatic degradation, 
was found in studies of human subjects to be absorbed 
rapidly from the intestines, and peak blood levels were 
reached in 30 min. In another study of cephalexin in 
adults and children, the drug was found to be almost 
completely absorbed after oral administration and was 
well distributed in the tissues, with a partition coefficient 
of 1 in children and 0.3-0.4 in adults (1340). The ab- 
sorption and excretion of the calcium salt of phosphono- 
mycin were studied in man after single oral doses ranging 
from 250 to 2000 mg. (1341). Peak serum concentrations 
were observed about 2 hr. after injection. Repeat oral 
doses showed early cumulative effects, reaching a plateau 
after an interval which appeared to be related to fre- 
quency of dosage. 


A study of the absorption of propoxyphene napsylate 
from tablets, capsules, and a suspension formulation, 
as measured by plasma levels in 10 human male sub- 
jects, revealed that the tablet and capsule were equiva- 
lent solid dosage forms (1342). In addition, it was ob- 
served that tablets of propoxyphene napsylate and 
aspirin with and without phenacetin and caffeine tended 
to produce higher plasma propoxyphene concentra- 
tions than did tablets containing only propoxyphene 
napsylate. In another study, plasma propoxyphene 
concentrations were determined for four normal male 
subjects given equimolar doses of propoxyphene napsyl- 
ate and propoxyphene hydrochloride, and the resulting 
curves were evaluated by a hybrid principal compon- 
ent-analysis of variance technique (1343). No differences 
between the plasma concentration curve of the orally 
administered salts could be detected. 


An investigation of GI absorption of atropine in man 
showed that 90% was absorbed in the proximal part 
of the small intestine (1344). The main absorption of a 
quaternary anticholinergic compound [piribenzil methyl 
sulfate (Acabel)] in volunteers was found to be localized 
in the upper part of the small intestine and amounted 
to 10-20% of the given dose (1345). Contrary to in vitm 
studies, no evidence was found in vivo of its decomposi- 
tion in the proximal part of the digestive tract. The 
anorectic, cloforex, when given orally to man and dogs, 
was decomposed in the GI tract to chlorphentermine and 
then absorbed (1346). From the data for the renal elim- 
ination of chlorphentermine, it was concluded that 
30-50 and 50-70% of the oral dose was absorbed in 
the dog and man, respectively. 


The dermal absorption of hexachlorophene from 
solutions used to wash infants in a hospital was re- 
ported (1347). The mean hexachlorophene levels in the 
umbilical cord rose from 0.022 to 0.109 p.p.m. at the 
time the infants were discharged from the hospital. No 
percutaneous absorption following topical application 
of neomycin sulfate ointments to normal male volun- 
teers was detected by Panzer and Epstein (1348). All 
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urine and blood samples were found to be negative for 
neomycin by a sensitive bioassay. Little or no percu- 
taneous absorption of boric acid from topical prepara- 
tions applied to the intact skin of the dorsal surface of 
rats was reported (1349). When application was made 
to damaged skin, the ointments caused boric acid ex- 
cretion 4-8 times that found in control rats, and an 
aqueous jelly formulation caused a 34-fold increase. 


Other references on drug absorption are listed in 
Table XL. 


Pharmacokinetics--The kinetics of drug absorption 
in  goldfish were examined, using a two-compartment 
reversible model to describe the occurrence of pharma- 
cologic effect of 4-aminoantipyrine-induced overturn 
(1376). The results of this investigation suggested that 
4-aminoantipyrine-induced overturn in goldfish was 
absorption rate limited. Based on the experimental 
conditions of a single luminal perfusion of an intestinal 
loop, equations were derived which described the de- 
pendence of blood flow on the disappearance of a sub- 
stance from the intestinal lumen and its appearance in 
the blood and the serosal bathing fluid (1377). Two 
different four-compartment models were used as the 
basis of the derivation. Pharmacokinetic parameters 
were developed to characterize the effects of phase- 
nonspecific chemotherapeutic agents which attach ir- 
reversibly to cell receptors, and a log-linear relationship 
which evolved was shown to relate the fraction of sur- 
viving cells to the drug level-time integral at the pharma- 
cologic site (1378). A new nonlinear pharmacokinetic 
model was elucidated, and specific application was made 
to in viuo studies of methylene blue conducted in dog, 
rat, and man (1379). 


Serum levels of penicillin activity following intra- 
muscular administration to humans of sodium ampi- 
cillin solution, three ampicillin trihydrate suspensions, 
and sodium dicloxacillin solution were examined ki- 
netically by Doluisio et al. (1380). The experimental 
data at all times agreed with the computer-generated 
lines when the analog computer was programmed with a 
kinetic model that depicted absorption as two successive 
first-order steps. Pharmacokineric studies involving 
serum levels at a low rate of intravenous infusion of 
chloramphenicol and the excretion rate of the drug 
through the renal system permitted a mathematical 
derivation of the excretion rate, existing at any given 
point of time, when chloramphenicol was transferred 
from the renal system to the urine (1381). Other studies 
conducted after oral administration of a drug were 
reported, implying almost complete enteral absorption 
of chloramphenicol. The 100 absorption of rifampicin 
when given orally on an empty stomach with no food 
for the next hour was reported, together with a discussion 
of factors influencing the kinetics of its elimination 
(1382). Pharniacokinetic studies of daunomycin in man 
showed the short plasma half-life to be 0.75 hr., the 
long plasma half-life to be 55 hr., the apparent volume 
of distribution to be about lo00 I., and the relative 
volume of distribution to be 580 I./m.? (1383). The dis- 
position of phosphonomycin following intravenous 
administration in man was found to be adequately de- 
scribed by a two-compartment open model (1384). 
The pharmacokinetic parameters derived from serum 


concentration data were found to predict correctly the 
urinary excretion profile for the same individual. 


A novel approach to a pharmacokinetic examination 
of halothane in man involved a unique 54-detector 
whole body counter to follow the uptake, distribution, 
and excretion of a single breath of halothane-82Br 
(1385). The sum of two exponentials, resulting from a 
compartmental analysis of the data with the SAAM2 
program, provided an excellent fit. Plasma lidocaine levels 
in humans receiving 50 mg. of lidocaine hydrochloride 
as an intravenous bolus over a I-min. period or 100 mg. 
over a 2-min. period were interpreted in terms of a 
two-compartment open model (1386). By assuming 
linearity between the infusion rate and the plateau con- 
centration, an intravenous infusion rate of 40 mcg./kg./ 
min. was calculated to produce a plateau concentration 
of 4 mcg./ml. Since subjective symptoms typical of lido- 
caine were noted in some cases after a 500-mg. oral 
dose when the blood levels of lidocaine were lower than 
those following intravenous administration, it was sug- 
gested that they may, in part, be due to a metabolite 
formed during the first passage of the drug through the 
liver (1387). 


Some pharmacokinetic parameters related to the 
absorption and disposition of fenoprofen administered 
orally as calcium and sodium salts in man were eval- 
uated, using a two-compartment open model to analyze 
the plasma concentration data (1388). The bioavail- 
ability, distribution, and elimination of fenoprofen were 
reported to be independent of the salt form of the drug. 
The comparative pharmacokinetics of orally admin- 
istered chlorphenesin carbamate and inethocarbamol in 
man were evaluated by Forist and Judy (1389), using a 
one-compartment open model. No statistically signifi- 
cant differences were found between estimates of mean 
lag times, half-lives for absorption, and times for attain- 
ment of maximum serum concentrations for the two 
drugs, but the mean biological half-life for chlorphenesin 
carbamate, 3.14 hr., was significantly greater than 
the value of 1.20 hr. obtained for methocarbamol. The 
decline of serum levels in man after oral administration 
of ethchlorvynol was found to be biphasic; when the 
data were interpreted in terms of a two-compartment 
model, the rate constant for elimination was calculatcd 
to be 0.13 hr.-I (1390). The indomethacin analog, 1- 
( p  - chlorobenzoyl) - 5 - methoxy - 2 - methylindole - 3- 
acetic acid, was found to be well absorbed after oral 
administration to the dog and rat, and the plasma half- 
lives were 1-2 and 4 hr., respectively (1391). 


The pharmacokinetics of multiple diazepam ingestion 
(10 mg. three times a day for 2 weeks) in  psychiatric 
patients were evaluated (1392). I t  was reported that thc 
half-life of accumulation was equal to the half-life of 
elimination in a single one-compartment model and that 
approximately 94% of the plasma level was reached 
after a time interval approximately equal to four times 
the half-life. A study of the disposition of intra- 
venous and oral doses of demoxepani in the dog 
revealed that: (a) the disposition was adequately de- 


2 NIH-SAAM-22 program coder [M. Berman and M. F. Wriss, Users 
Manual for SAAM (Simulation. Analysis and Modeling)]. NIA-MO. 
NIH, Bethesda, Md., 1967. 
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Table XLI-Additional References on Pharmacokinetics 


Reference Topic Reference Topic 


1403 


1404 


1405 


1406 


1407 


1408 


1409 


1410 


1411 


1412 


1413 


1414 


1415 
1416 
1417 


1418 


1419 


1420 


1421 


1422 


1423 
1424 


1425 


1426 


Multicompartmental analysis of glucose kinetics in 
normal and hypoglycemic cows 


Pharmacokinetic behavior of 5-12-butyl-1-cyclohex- 
yl-2,4,6-trioxoperhydropyrimidine in man follow- 
ing oral administration 


Pharmacokinetic behavior of 5-12-butyl- l-cyclohexyl- 
2,4.6-trioxoperhydropyrimidine in man and in 
rabbits following intravenous administration of 
sodium salt 


Intestinal absorption and distribution kinetics of 
practolol in rats 


Significant effect of blood drainage in the pharmaco- 
kinetics of enteral absorption 


Michaelis-Menten kinetics of renal tubular secretion 
of p-alkylated mandelic acid in rats 


Pharmacokinetic studies with tritiated helveticosol- 
acetonide in man 


Distribution and elimination kinetics of warfarin 
following intravenous administration in man 


Comparative kinetic behavior of triphenylmethane 
dyes in biliary excretion 


Comparative kinetic behavior of xanthene dyes, 
fluorescein and bromosulfophthalein, in biliary 
excretion 


Saturation of glucuronide formation in man and its 
implications on excretion of salicylate 


Discussion of drug distribution and pharmacological 
effects in multicompartment systems 


Review of pharmacokinetics 
Review of kinetics of drug distribution in the body 
Review of applications and limitations of radioiso- 


tope methods in pharmacokinetic studies 
Review of radioisotopes used in interrelating phar- 


macokinetic and pharmacodynamic parameters in 
man 


Consideration of concentration-dependent rates in a 
multicompartrnent drug model 


Derivation of an equation for calculating effective 
serum concentration of a drug based on assump- 
tion of exponential absorption and exponential 
elimination of administered drug 


Discussion of pharmacokinetic models in biophar- 
maceutics 


Rate of transfer of clindamycin and 1 ’-demethyl-4’- 
depropyl-4’-pentylclindamycin by everted rat in- 
testine 


Blood level kinetics of carbenicillin 
Pharrnacokinetics of penicillin G, penicillin V, oxa- 


cillin, and ampicillin 
Dose-related changes in kinetic rate constant of rif- 


ampicin and confirmation of interference between 
rifampicin and bilirubin 


Pharmacokinetics of gentamicin sulfate in normal 
subjects and patients in terminal renal failure 


1427 


1428 


1429 


1430 


1431 


1432 


1433 


1434 


1435 


1436 


1437 
1438 


1439 


1440 


1441 
1442 


1443 


1444 


1445 


1446 
1447 


1448 


1449 


1450 


1451 


1452 


Kinetic evaluation of oral absorption of different 
ampicillin preparations in beagle dogs 


Pharmacokinetic studies of ampicillin and hetacillin 
in man 


Absorption, distribution, and excretion kinetics of 
p-chlorobenzenesulfonamide following oral ad- 
ministration in rats, dogs, and humans 


Effects of a single oral dose on the pharrnacokinetics 
of sulfametopyrazine 


Review of the factors concerned in pharmacokinetics 
of barbiturates 


Phaimacokinetics of 36S-labeled sulfamethoxazole 
with 2-lC-labeled trimethoprim in man and their 
distribution in rats 


Tinidazole and metronidazole pharmacokinetics in 
man and mouse 


Pharmacokinetics and pharmacodynamics of a di- 
uretic, fursemide, in normal males 


Review of pharmacokinetics of chemotherapeutic 
drugs in relation to age 


Review of pharmacokinetics of coumarin and vita- 
min K 


Review of drug excretion kinetics 
Review of distribution and metabolism in man of 


some narcotic analgesics and some amphetamines 
Kinetics of absorption and elimination of amphet- 


amines in normal humans 
Pharmacokinetics of 2-sulfanilamido-3-methoxy- 


pyrazine in children 
Review of pharmacokinetics in chemotherapy 
Absorption, distribution, excretion, and metabolism 


in rats of a new diuretic, meticrane 
Review of intestinal absorption, transport, activation, 


and action on cellular receptors of the D vitamins 
and on the cellular calcium transport system 


Review of in uiuo methods used for investigating ab- 
sorption kinetics of drugs 


Pharmacokinetics of radionuclides and their mathe- 
matical treatment with models 


Review of kinetics of heparin 
Pharmacokinetic behavior of propylhexedrine in 


rats 
Pharmacokinetic study of cobalaminsulfonic acid, 


hydroxycobalamin, and cyanocobalamin in man 
Pharmacokinetics of tritiated acetyldigoxin and k- 


strophanthin in terminal renal insufficiency 
Review of urinary excretion as a measure of drug 


absorption 
Simple graphic method for determination of transfer 


function in a pharmacokinetic multicompartment 
model 


Pharmacokinetic study of meth~carbamol-~~C in rat, 
dog, and human 


scribed by a two-compartment open model; (b) oral 
demoxepam was apparently well absorbed; (c) the 
rate of elimination varied between dogs, with a half- 
life of 10-20 hr., but with an individual dog it did not 
appear to be greatly influenced by the route of adminis- 
tration ; and (4 elimination proceeded primarily by 
biotransformation, with excretion of intact drug limited 
to 10% in the urine and less than 2x in the feces (1393). 


A pharmacokinetic analysis of lithium carbonate 
absorption in man was used to estimate the pharmaco- 
kinetic parameters in a two-compartment model for 
orally administered drug (1394). It was also reported 
that lithium carbonate in the capsules studied was as 
available as in the solution (standard), but the drug in the 
delayed-release tablets was not completely available. 
The pharmacokinetic properties of fenclozic acid were 
established in the rat, mouse, guinea pig, monkey, and 
man after oral dosage and also in the dog, calf, sheep, 


and horse after intraveous administration (1 395). The 
biological half-life of fenclozic acid varied between 3 
hr. in the monkey and 118 hr. in the horse; in the guinea 
pig, rat, dog, and man the half-life was in the range of 
26-3 1 hr. The disposition of intravenously administered 
radioactive potassium canrenoate in man was studied, 
and the elimination of the total radioactivity in the 
plasma was found to occur in three phases, with half- 
lives of 0.073, 0.85, and 43.31 hr., respectively (1396). 
A pharmacokinetic model was presented to predict the 
detailed distribution and excretion of methotrexate in 
several mammalian species over a wide range of doses 
(1397). The rate and extent of levodopa absorption and 
excretion following intravenous and oral administra- 
tion of 2-14C-levodopa to  acutely and chronically treated 
dogs were investigated (1398). The efficiency of absorp- 
tion of total radioactivity was calculated to range between 
83.0 and 92.0%. 
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The in situ absorption kinetics of sulfaethidole and 
barbital from the rat stomach and intestine were re- 
ported; with both drugs, absorption from the intestines 
was found to proceed 10 times faster at a given pH 
than from the stomach (1399). I n  all cases, significant 
transport of ionized drug was noted. I n  a study of the 
effect of urinary pH on amphetamine metabolism, the 
half-life of tritiated amphetamine in the plasma of 
persons with acid urine(<pH 6.0) was 8-10.5 hr., whereas 
in  persons with alkaline urine (>pH 7.5) the half-life 
was 16-3 1 hr. (1400:). Urinary excretion of ephedrine in  
man, without pH control but with adequate urinary 
flow, was studied following oral administration of 
ephedrine sulfate ( 1401). The urinary excretion data were 
adequately described by the two-compartment open 
model with first-order absorption and lag time, and the 
average elimination half-life of ephedrine was 5.99 hr. 
estimated from the P-values obtained by exponential 
fitting. The urinary excretion of phentermine, mephen- 
terrnine, and chlorphentermine in man under normal and 
acidic conditions of urinary pH was evaluated after 
oral administration of phentermine and chlorphenter- 
mine hydrochlorides and mephentermine sulfate 
(1402). Phentermine and mephentermine were re- 
covered almost quantitatively within 24 hr. from the 
subject under acidic urine control; but under similar 
conditions, only about 35 chlorphentermine was 
recovered. 


Additional references on pharmacokinetics are listed 
in Table XLI. 
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New Compounds: Physiologically Active 
Amines and Amine Salts 


HEINO A. LUTS*. and JEROME F. GRATTANt 


Abstract 0 A group of compounds having the amine moiety were 
synthesized from anils and subjected to preliminary pharmaco- 
logical studies. 


Keyphrases Amines, active--synthesized from a d s  0 A d -  
used for synthesis of active amines and amine salts CNS agents, 
potential-conversion of a d s  to active amines and amine salts 


The authors previously described the synthesis and 
activity of some centrally active anils (1). These corn- 
pounds now have been converted to a series of secondary 
and tertiary amines (Table I) and amine salts (Table 11) 
in the hope that their CNS activity will be superior to 
that of the anils. Pharmacological data, to be published 
at a later date, indicate that the activity is enhanced by 
the conversion. 


Conversion of the anils to the amines was accom- 
plished by sodium borohydride reduction and then 
acidified as illustrated in Scheme I. 


Table I-Substituted Diamines 


H H  
@I-!l-(CHJrN /R1 - HCI 


\- ether 


R 


2c1- 


R 
Scheme I 


H @A+ I 
R 


Num- 
ber R R' 


~ 


Molecular -Analysis, N- 
Formula Boiling Point Weight Calc. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


-NHCHzCHzCHz-N(CH& CiaHnCINz 


173-174"/0.5 mm. 


180-181°/0.5 mm. 


170-190"/0.35 mm. 


171-172"/0.5 mm. 


174-175"/0.5 mm. 


178-181 " / O .  5 mm. 


226-232"/0.14 mm. 


184-192"/0.5 mm. 


210-215"/0.35 mm. 


16@165"/0.6 mm. 


288.82 9.73 


318.85 8.79 


286.38 9.78 


316.87 8.84 


302.84 9.25 


330.90 8.47 


344.89 8.12 


302.85 9.25 


304.82 9.19 


310.445 18.05 


10.04 


8.93 


9.61 


8.70 


9.05 


8.66 


7.90 


9.35 


9.01 


17.90 
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@y--R 
R Table 11-Substituted Diamine Salts 


-Analysis, %-- 
R' Formula Melting Point Calc. Found 


Num- 
ber R 


H 
I 


I 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


-NH~cH~cH~cH~-N(cH~)~ 
+ 2c1- 


CisHzaClsNz 98-99 O N 7.45 7.62 
C 28.30 28.19 


N 11.10 11.01 
C 28.07 27.92 


N 12.66 12.53 
C 10.68 10.51 


N 6.12 6.68 
C 25.52 25.45 


-NHZCHZCHZNH(CH~CH,), 
2c1- 


-NHzCH~CHzCHz-~~(~~~~~s)z 
2c1- + 


N 7.21 7.30 
C 27.36 27.24 


N 6.94 6.88 
C 26.43 26.26 


N 7.41 7.29 
C 28.16 28.03 


CHI CH3 
-YHCHZCHZ&CH.CH,', I *  


21- 


-NHzCHzCHzCHzNH(CH3)2 + + 2c1- 


N 4.66 4.54 
C 5.90 5.72 


N 4.08 3.89 
C 20.61 20.43 


-NHzCHzCH2NHzCHzCHzOH + 2c1- Ci~Hz4ClzNzOz 113-1 15" 


CisHzsCIzNzO 110-112" 


N 7.80 7.69 
C 19.73 19.56 


-NHzCHzCHzNH(CHzCH& 
2c1- 


CH3 CHs E. I 


CHI 


-NHCHzCHzCHzN(CH& + 21- 


I 


N 7.38 7.46 
C 11.64 11.78 


N 4.50 4.37 
C 11.40 11.54 


-NCH~CHZCHZN(CH,), 
2Br- 


-NHzCHzCHzNH[CH(CH3)& 
2c1- 


CzoHZ9BrZC1N2 90-92 O 


Cz1HaiC13Nz 162-1 63 O 


N 5.69 5.53 
C 7.20 7.39 


N 6.70 6.75 
C 25.45 25.29 


-NHzCHzCHzCHzNHzCH, 
+ 2c1- 


N 7.74 7.56 
C 29.40 29.32 


-NHzCHzCHzNHzCHa + + 2c1- N 8.06 7.89 
C 30.59 30.64 


-NHzCHzCHzCHz$'H2CH(CH& 
2c1- + N 7.19 7.10 


C 27.29 21.18 


~~~~ 


Vol. 61, No. 9, September 1972 1505 







EXPERIMENTAL1 REFERENCES 


(1) H. A. Luts, J.  Pharm. Sci., 60, 1903(1971). 
(2) H. A. Luts, W. Zucarello, and J. F. Grattan, ibid., 54, 460 


(1965). 
One-tenth mole of anil in 50 ml. of methanol was reduced with 


0.15 mole (5.6 g.) of sodium borohydride (2). The mixture was re- 
fluxed for 30 min., the methanol was removed by distillation, 50 
ml. of water was added, and the mixture was cooled. The oily reac- 
tion mixture was then extracted twice with 50-ml. portions of ether. 
The extracts were combined, dried over anhydrous calcium sulfate, 
and acidified with anhydrous hydrogen chloride. The crystals were 
collected, washed with dry ether, and recrystallized from an eth- 
anol-ether mixture. 


1 All melting points were taken on a Thermalyne apparatus and were 
not corrected. 
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New Compounds: 
Resolution of d, Z-a-Benzamido-4-hydroxy-3-methoxydihydrocinnamic 
Acid, a Precursor of Z-3,4-Dihydroxyphenylalanine 


THOMAS J. SCHWAN. and HOMER A. BURCH 


Abstract IJ d,l-~-Benzamido-4-hydroxy-3-methoxydihydrocinnamic 
acid was resolved using dehydroabietylamine, and the I-salt thus 
obtained was converted to I-3,4-dihydroxyphenylalanine. 


Keyphrases 0 d,~-cy-Benzamido-4-hydroxy-3-methoxydihydrocin- 
namic acid-resolution using dehydroabietylamine 1-3,4-Di- 
hydroxyphenylalanine-resolution of a precursor, d,l-a-benz- 
amido-4-hydroxy-3-methoxydihydrocinnamic acid, using dehydro- 
abietylamine 0 Dehydroabietylamine-used to resolve d,l-u- 
benzamido-4-hydroxy-3-methoxydihydrocinnamic acid, a precursor 
of 1-3,4-dihydroxyphenylalanine 


The recent interest in 1-3,4-dihydroxyphenyIalanine 
(I) for the treatment of Parkinson's disease prompted 
an investigation into the synthesis of this amino acid. 
Although d,l-a-benzamido-3-hydroxy-4-methoxydihy- 
drocinnamic acid (11) had been resolved using cincho- 
nine (l), resolution of the isomeric amino acid 111, 
derived from vanillin in the azlactone synthesis, ap- 
parently had not been previously reported I. 


Resolution of XI1 was not achieved with cinchonine 
but was readily effected in excellent yield in the present 
work with dehydroabietylamine (IV). The optically 
active amine IV, previously isolated from commercial 


0 


R'O' 


After this work was completed, resolution of 111 using dehydro- 
abietylamine was reported; A. Kaiser, M. Scheer, W. Haeusermann, and 
L. Marti, German pat. 1,964,420; through Chem. Abstr., 74, 3864y 
(1971). 
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Amine D, is a relatively inexpensive, nontoxic agent 
and has been employed in the resolution of racemic a- 
phenoxypropionic acid and racemic a-benzyloxycar- 
bonylaminophenylacetic acid (2). 


Treatment of the resolved /-salt of III with dilute 
hydrochloric acid followed by refluxing 48 HBr 
yielded I. Thus, this resolution of racemic I1 afforded I 
in high optical purity and good yield without lengthy 
fractional crystallization. 


EXPERIMENTALz 


Resolution of d,l-or-Benzamido-4-hydroxy3-methoxydihydrocin- 
namic Acid (III-Dehydroabietylamine (IV) (57 g., 0.20 mole) 
was dissolved in 450 ml. boiling methanol, and a small amount of 
mechanical impurity was removed by filtration. The solution was 
heated to boiling, and a solution of 111 (3) (63 g., 0.20 mole) in 160 
ml. boiling methanol was added. The solution was boiled, and 113 
ml. of boiling water was added (to turbidity). The mixture was 
allowed to cool gradually to room temperature and was stored at 
room temperature for 18 hr. The product was washed with two 
125-ml. portions of methanol-water (4:1), air dried, and then dried 
at 60" to give 51 g. (83%) of the product, m.p. 223-224"; [a]: 
+50.30° (concentration 1.91 %, methanol). The analytical sample 
was obtained after three recrystallizations from methanol-water 
(4:l); [ ~ r ] 2 D 5 0  $53.50' (concentration 1.97z, methanol). 


Aml.-Calc. for C,7H17N05~C20H,,N: C, 73.87; H, 8.44; N, 4.66. 
Found: C, 73.97; H, 8.05; N, 4.66. 
1-3,4-Dihydroxyphenylalanine (I)-A 3-ml. portion of concen- 


trated hydrochloric acid was added to a mixture of 3.85 g. (0.0064 
mole) of the resolved salt of IV and 111, 40 ml. water, and 40 rnl. 
ethyl acetate. The organic layer was separated, and the aqueous 


~ 


* Melting points were taken in a Mel-Temp apparatus in open capil- 
lary tubes and are uncorrected. The optical rotation measurements were 
determined on a Perkin-Elmer 141 polarimeter. The amino acid analysis 
was conducted on a Phoenix Precision Instruments amino acid an- 
alyzer, using a 50-cm. 2-A column at 50" and pH 5.29, with Pierce 
d,C3,4-dlhydroxyphenylamlne, Puriss. grade, employed as the stan- 
dard. 








Spectrophotofluorometric Determination of 
Methyltestosterone in Plasma or Serum 


DAVID ALKALAY., LAKSHMI KHEMANI, and M. FRED BARTLETT 


Abstract For determination of the relative bioavailability of 
methyltestosterone in man, a spectrophotofluorometric procedure 
was developed, based on fluorescence induced by hydrochloric acid 
and stabilized by ascorbic acid. The method is essentially specific 
and capable of assaying nanograms per milliliter amounts of un- 
changed drug in blood plasma or serum. The variability of deter- 
minations is associated with a relative standard deviation of less 
than 12%. The procedure was tested in a pilot study involving two 
healthy human volunteers, each administered a single 10-mg. 
methyltestosterone tablet. Serum concentrations in these subjects 
attained a maximum of about 30 ng./ml. within 1-2 hr. following 
administration of drug and then declined biphasically, with half- 
lives of approximately 1 hr. initially and changing to approximately 
3.5 hr. within 3-4 hr. of dosage. 


Keyphrases 0 Methyltestosterone in plasma or serum-spectro- 
photofluorometric analysis 0 Plasma levels, methyltestosterone 
-spectrophotofluorometric analysis Serum levels, methyl- 
testosterone-spectrophotofluorometric analysis IJ Spectrophoto- 
fluorometry-analysis, methyltestosterone in plasma or serum 


Methyltestosterone' (I), 17P-hydroxy-17-methylan- 
drost-4-en-3-one, was first prepared by Ruzicka ef al. (1) 
in 1935. It is an orally effective synthetic androgen, which 
has been shown to have considerably higher oral activ- 
ity than testosterone (2). Levedahl and Samuels (3) 
demonstrated in uitro that methyltestosterone, unlike 
testosterone, is not metabolized to 17-oxosteroids, and 
they suggested that a slower metabolic rate of inactiva- 
tion in vivo might account for its higher oral activity. 
The slower metabolic disposition of methyltestosterone 
in man was later confirmed (4-6), and Quincey and Gray 
(6) showed the major metabolic pathways to  be reduc- 
tion of ring A, hydroxylation, and conjugation, resulting 
mostly in conjugates and in highly polar hydroxylated 
ring A-reduced products. The partially identified human 
metabolites, E and F, hydroxylated at some position 
other than C-2 and (2-16 (6), as well as 17a-methyl-5P- 
androstane-3q 160,17P-triol (11), 17a-methyl-5P-andro- 
stane-3a,l6a,l7P-triol (III), and 3a,l70-dihydroxy-l7a- 
methyl-5~-androstan-16-one (IV), isolated from rabbit 
urine (7), are products of ring A reduction and hydro- 
xylation. Reduction alone is evident in 17a-methyl-5a- 
androstane-3P,17P-diol (V), 17a-methyl-5P-androstane- 
3a, 17P-diol (Vl), and 17a-methyl-5a-androstane-3a, 170- 
diol (VII), isolated as human and canine metabolites (6, 
8, 9), and in 17a-methyl-5P-androstane-3~,17~-diol 
(VIII), reported as a fecal metabolite in the dog (9). 
Monohydroxylation without reduction in ring A has 
been shown to occur in the partially identified A4-3- 
oxosteroidal metabolite, L (6). 


A search of the literature did not reveal any published 
human or animal bioavailability study for orally ad- 
ministered methyltestosterone. This may be attributed to 


the lack of suitably developed analytical methodology, 
capable of detecting and quantitating accurately nano- 
gram amounts of this drug. Absorption spectra of 
methyltestosterone after treatment with sulfuric acid 
(lo), color reactions with certain metal chlorides (1 l), 
and fluorescence resulting from treatment with di- 
methyl sulfate (12), sulfuric acid (13), or phosphoric 
acid (14) have been known for some time. The method- 
ology for analysis of methyltestosterone, described in this 
study, is based on hydrochloric acid-induced fluores- 
cence, suggested as a practical approach for the assay of 
blood levels by Steinetz et al. (15). These authors ob- 
served that methyltestosterone developed intense fluores- 
cence in concentrated hydrochloric acid, which was 
stabilized by prior treatment of the hydrochloric acid 
reagent with ascorbic acid; they reported that intensity 
readings, taken 1 hr. after mixing, showed a linear rela- 
tionship of concentration to  fluorescence. 


MATERIALS AND METHODS 


Chemicals-The chemicals and solvents used consistently in this 
study were: ascorbic acid*; chloroform3 and dichloromethane3. 
spectroquality; 37-38 % hydrochloric acid4, reagent; methanol5, 
reagent; and 1 6 ,  XV6, XX6, V7, x17, XIW, XlV7, VIP, 1x8, X*, XIP, 
XVP, XVII18, and XIX8. All steroids were ol'commercial quality and 
were used without further purification. 


Standards and Samples-Methyltestosterone and other steroid 
standards were prepared by dilution in methanol and/or chloro- 
form. Samples were obtained by adding known amounts of methyl- 
testosterone to distilled water, heparinized canine plasma, or human 
serum and extracting with chloroform. Standardized extracts were 
prepared by adding known amounts of methyltestosterone to 
blank plasma or serum extracts. Blood specimens were withdrawn 
immediately before and 0.5, 1, 2, 3, 4, 6. and 8 hr. after adminis- 
tration of a single 10-mg. methyltestosterone tabletg to healthy 
human volunteersI0. The serum, obtained I he same day by centrif- 
ugation, was extracted with chloroform. 


Extraction-To 2 ml. plasma or serum placed in a 40-ml. centri- 
fuge tube with Teflon-lined screw cap were added 2 nil. distilled 
water and 8 ml. chloroform. The mixture was shaken horizontally 
in an Eberbach shaker [240 excursions/min., 2.54-cm. (1-in.) stroke] 
for 10 niin. Following 5 min. of centrifugation, the organic layer 
was transferred to a 25-ml. volumetric flask, and the extraction 
was repeated two more times. Enough chloroform was added to 
the combined extracts t o  adjust the volume to 25 ml. 


Development of Fluorescence-Aliquots of standards or extracts 
(usually 5 ml.) were evaporated in test tubes a t  45-50", under a 
mild air or nitrogen current. Whenever the diquots exceeded 2 ml., 
the walls of the test tubes were washed down with 1-2 ml. of di- 
chloromethane and the solution was reevaporated. The residues 
were occasionally stored under nitrogen for 1-3 days by capping 


2 Analabs, Inc., North Haven, Conn. 
3 Matheson. Coleman & Bell. Norwood, Ohio. 
4 E. I. duPdnt de Nemours & Co., Inc., Wilmington, Del. 
5 J.  T. Baker Chemical Co., Philhpsburg, N. J .  
6 Ciba-Geigy Corp., Sununit, N. J. 
7 Mann Research Laboratories, Inc., New York, N. Y. 
8 Steraloids, Inc., Pawling, N. Y .  
9 Used commercial Metandren (P.O. 34998-A). 


1 Metandren, Ciba-Geigy Corp. 
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10 Supplied by the Medical Division. 







Table I--Variability of Fluorescence Readings Taken at  Peak Level and at  1 hr. after Treatment of Methyltestosterone 
Standards with 37 ”/, Hydrochloric Acid Containing Ascorbic Acid (100 mcg./ml.) 


Readings Taken at- -- 
-Peak kvel- I hr.--- -- 


.Methqltestosterone, 
ng./ml. Reagent 2 10 100 200 2 10 1 0 0  200 


Intensities 0.035 0.216 2.21 3.84 0.014 0.114 1.55 2.21 
0.030 0 .228  1.985 3.99 0.011 0.138 1.43 2.57 
0.036 0 .210  1 .88 4 .04  0.017 0.096 1 .22  2.48 
0.041 0.225 2.075 4.  I9 0.021 0. 108 1.52 3.  I9 
0 .040  0.195 1.985 3.99 0.020 0.087 1.46 2.54 


2.03 3.89 2.00 3.59 
1.985 4 .14  1.91 2.90 
2 .12  4 . 2 4  I .795 3.95 


Mean intensity 0.0364 0.215 2.034 4 .04  0.0166 0.  I09 1.611 2.929 
Standard deviation 0.0044 0.0132 0.101 0.141 0.0041 0.0195 0.266 0.603 
Relative standard 11.97 6 .12  4.95 3 .50  24.84 17.95 16.51 20.60 


deviation, 


the tubes. Twenty-four hours before usage, a solution of concen- 
trated hydrochloric acid. containing ascorbic acid (usually 200 
mcg./ml.), was prepared. Of the acid reagent. 0.4-1 ml. was added 
to each residue and stirred with a Vortex mixer for 10 sec. The re- 
sulting solutions were used to fill 4 X 40-mm. quartz microcells, 
giving a group of samples, standards, and blanks. The fluorescence 
of these was measured in succession, and six to eight intensity 
rcadings per sainple were taken at approximately 30-min. inter- 
vals. This permitted ol)servation of the development, peaking out, 
and beginning of deciiy of fluorescence for each sample. Results 
were computed after correction of blanks by comparing sample 
intensities to those obtained with standards. All readings were 
taken with spectrophotofluorometer’l, set at  a maximum activation 
wa\elength of 470 nm. and a maximum fluorescence wavelength of 
530 nm. and equippedwith a xenon light source, a 1 P28 photomulti- 
plier tube, 0.15- aiid C1.31-cm. (0.06- and 0.125-in.) excitation slits 
(with center slit omitted), and 0.15- and 0.31-cm. (0.06- and 0.125- 
in.) slits on the emission side of the cell compartment. 


HESULTS AND DISCUSSION 


The development 01’ fluorescence for varying amounts of methyl- 
testosterone was tested with several acid reagents (hydrochloric acid 
i n  water. methanol, dioxane. and mixtures of the aforementioned-- 
with o r  without ascorbic acid or other additives). Hydrochloric acid 
( 7 7 ” , )  containing ascorbic acid (50-400 mcg./ml.) proved to be the 
reagent of choice. to which nicthanol or dioxane, because of their 
quenching ctkct, could be added in amounts not exceeding 10:: 
ol’ tlie total volume. 


During thest! tests. it became apparent that the time course of 
induced Ruoremnce showed considerable variability. As a conse- 
qucncc. tluorciccncc readings taken I hr. after acid treatment of the 
samplrs rcflectcd methyltestosterone concentrations rather unsatis- 
factorily. Peak fluorescence intensities. however. independently of 
the ditkrences in time required for their attainment. bore a close 
lincar relationship to methyltestosterone concentrations up  to about 
Z W  ny.hil. of the acid reagent. Data obtained with mcthyltes- 
to\tcrone stantiards are presented in Table I .  They show the variabil- 
i ty  o f  intensities at peak fluorescence level. eveii at low methyl- 
teytohterone concentrations, to be associated with a relative stan- 
d;iItl deviiitioi: of less than l2:,<. Similar results were obtained with 
t x i i i i i e  plasma samples and standardized extracts. Fluorescence 
readings for iiiet1i)ltestosterone concentrations ranging from 0.5 to 
I28 iig.!ml.. after coilversion tc intensities per nanogam per milli- 
liter. are prescnted i n  Table 11. 


Peak level inremities show again a much more favorable dis- 
tribution of random errors in comparison with I-hr. readings aiid 
:IIC a\wcintetl with a relative staiidard deviation of less than Y y i .  
.A coinparisoii of mean intensities indicates a 91 7 ;  cxtraction re- 
covery. Xlethyltcstc?steronc recoveries in triple extractions from 
;1q~icous solutions, a s  well as canine plasma or human serum sam- 


1 ’  Aminco Bowman 


Table 11-Fluorescence Readings of Extracted Plasma Samples 
and Standardi~ed Plasma Extracts, Taken at  Peak Level and at  
1 hr. after Treatment with 37% Hydrochloric Acid Containing 
Ascorbic Acid (100 mcg./ml.) 


~ ~ - ~ ~~~~~~ - lo3 X Intensities, per ng./ml. --- 
Extracted Plasma Standardized Plasma 


Methyltestosterone ----Samples -- ---Extracts-- 
Concentrations, Peak Peak 


ng./ml. Level I hr. Level I hr. 


0 . 5  
I 
2 
2 
4 
8 
8 


16 
32 
32 
64 


I28 
lo3 X mean intensity, 


per ng./ml. 
lo3  X standard 


deviation 
Relative standard 


deviation, % 


21 16 
24 23 
25 18 
21.5  17.5 
20.8 13.8 
18 14.3 
26.3 2S.S 
25 .2  21.1 
2 1 . 3  1 2 . 6  
23.1 21.5 
23 12.8 
22 .6  21 
22.65 18.08 


2.00 4 .24  


8 .83  23 .5  


24 
21 
23 
26 .8  
26.3 
24.2 
27 
24 .3  
22 .6  
27.4 
24 .7  
23.1 
25.02 


I .41 


5.65 


18 
27 
16.5 
25 .5  
25.1 
15.4 
26 .3  
18 .6  
13 .8  
19.3 
13.9 
10.9 
19 .20  


5 .48  


28 .5  


ples, invariably fell within the range of 88- 97:,;. Single extractions 
showed somewhat lower recoveries and less reproducibility. 


Heat and exposure to sunlight have been reported ( I  5) to quench 
hydrochloric acid-induced fluorescence. The timc and rate of mixing 
methyltestosterone samples with acid reagent apjxar 10 have an 
effect on fluorescence, which probahlycan be attributed to air oxida- 
tion. As can be seen from the data in Table 111. even trace amounts 
of hydrogen peroxide quenches fluorescence effectively. Increasing 


Table 111-Effect of Hydrogen Peroxide and Ascorbic Acid on 
Hydrochloric Acid-Induced Fluoresccnce of Mcthyltestosterone 


Relative Fluorescence of Methyltestosterone ( 1  6 ng./ml ) 
-Induced by 37% Hydrochloric Acid, Containing:---- 
Hydrogen 
Peroxide, 
lo-” x 
moles/ 7- Ascorbic Acid - -- ---  


ml. No Additives 50 mcg./ml. 100 incg./ml 


None 100% lOOo% 
0 .88  67 X 95 % 102% 
3 . 5  None 115Y JOUX 
4 . 4  None I 0 2 2  


13 
22 


None 
None 
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Table IV-Fluorescence of Steroids in 37 2; Hydrochloric Acid, 
Containing Ascorbic Acid (200 mcg./ml.), Relative to 
that of Methyltestosterone 


Compound Percent 
Steroid Number Fluorescence 


VII VIII Methyltestosterone 
Metabolite V 
Metabolite VII 
I ,(Sa)-Androsten-l7a-methyl-17!3- 


01-3-one 
I ,4-Androstadien-l7a-methyl-l7fi- 


ol-3-one 
Sa-Androstan-l7a-methyl-l7P- 


01-3-one 
SAndrosten- 17a-methyl-3,9,17@- 


diol 
4-Androsten-l7~-methyI-l la,178- 


I 100 
V 0 .1  
VII 0.1 
IX 0 . 6  


0 & X 0.1 


XI 1 


x I1 0.6 


xm -57 


XJV -80 


xv 0 . 2  x VI 5 


XVII -4a 
XVIIl 0 . 3  


XIX 0 . 2  


xx 0 .2  
XXI -0.03O 


H 
Ix X 


diol-3-one 


17B-ol-3-one 
4,9(1 I)-Androstadien-l7a-methyl- 


Fluoxyrnesterone 
4-Androsten-l7a-ethinyl-l7/3- 


17a-Methyl-19-nortestosterone 
5-Androsten-l7a-ethyl-38,1713- 


01-3-one 


diol 


diol 
5-Androsten-l7a-ethinyl-38,17p- 


xr 
Dexamethasonc 
Testosterone & XH:,  


0 


a Based on previously reported data (15). 


amounts of hydrogen peroxide can be tolerated, however, by raising 
correspondingly the concentration of ascorbic acid in the reagent. 
Apparently, ascorbic acid acts as a stabilizing antioxidant. 


Acid reagents with varying concentrations of ascorbic acid were 
tested with samples prepared from human ser urn containing known 
amounts of drug, and a concentration of 200 mcg./ml. of reagent 
was found to be optimal. 


The effect of storage upon recoveries of unchanged drug was also 
investigated. Canine plasma samples. containing known amounts 
of methyltestosterone, were kept at  4”  for 9 days. N o  changes in 
drug concentrations were detected within the limits of experimental 
error. Organic extracts from canine plasma and human serum sam- 
ples, as well as solutions of methyltestosterone, were stored at room 
temperature for u p  to 6 weeks without any apparent harm. 


XI11 XIV 


X V  XVI 
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Table V--Methyltestosterone Serum Levels following Administration of a Single 10-mg. Tablet 
~~~~ ~ 


Area under 
the Curve, 


Determina- , Concentration, ng./ml., at  Hour ng. hr. 
Subject ation 0 .5  1 2 3 4 6 8 m1.-1 


L.J.M. 1 1 .8  7 . 2  23 .0  10.9 6 . 4  5 . 1  2 . 9  
2 1 . 8  7 . 2  24 .3  11.4 6 . 6  4.1 3.1 


Mean 1 .8  7 . 2  23.7 11.2 6 . 5  4 . 6  3.0 60 
R.G. 1 8 . 3  35.6 21.8 8 .5  7 .1  6 . 3  3 . 9  


2 9 . 7  39.9 24 .9  10.4 8 . 1  7 . 6  3 .7  
Mean 9 . 0  37.8 23 .4  9 . 5  7 . 6  7 . 0  3 . 8  94 


T o  evaluate the specificity of this analytical procedure for methyl- 
testosterone, hydrochloric acid-induced fluorescence of several ana- 
logs, including two known metabolites (V  and VII), was compared 
to that of I .  The results, expressed as percent fluorescence relative 
to that of methyltestosterone. are presented in Table 1V. It appears 
from these results that even minor changes in the methyltestosterone 
molecule, such as reduction (V, VII ,  XI, and XII), shifting of the 
conjugation (IX),  increased unsaturation of ring A (X). absence of a 
methyl group at C-19 (XVIl) or C-17 (XVI and XXI), or the pres- 
ence of an tr-substituent at  position 9 (XV), can resuit in a very 
significant weakeiiing of the otherwise unusually strong fluorescence. 
The gross decrease in intensity of fluorescence, associated with re- 
duction of ring A, is of particular interest since nine of the 10 me- 
tabolites isolated so far ( E ,  t;, and 11-VIII) have been shown to have 
a reduced ring A. 


Hydroxylation of me:thyltestosterone at  position 1 1  results in a 
derivative (XIII) exhibiting strong fluorescence, which is even en- 
hanced by dehydration (XIV). Metabolite L, a minor human urinary 
metabolite, has been shown t o  be a Ai-7-oxosteroid, hydroxylated at  
position 1. 2, 4. 5. 7. 15a, or 168 (6). I t  is not identical with analog 
XIII; but to the extent that it might be produced and extracted with 
methyltestosterone, i t  could contribute to fluorescence. 


In the study o f  Quincey and Gray (6), the radioactivity of ex- 
tracted steroids in one patient was shown (by chromatographic 
separation) to Ix: due only to radioactive methyltestosterone within 
the limits o f  experimental error. With this independent evidence. 
along with the diita reported herein, i t  is concluded that the proce- 
dure described in this report can be considered an essentially 
specific method for assaying nanogram amounts of methyltes- 
tosterone in plasma or serum. 


To validate t he analytical methodology, a pilot study involving 
two healthy human volunteers, each receiving a single 1C-mg. 
met1iyltestosterc)ne tabkto, was carried out. The resultsare presented 
in lable  V. Thc relative standard deviation'z of 6.3%, associated 
with determinations i n  the pilot study, is in good agreement with the 
variability encountered in fluorometric determinations throughout 
this investigation. Serum levels for the two subjects attained a maxi- 
mum (24- 39 ng./ml.) within 1--2 hr. and subsequently declined bi- 
phasicaily. The initial decay, characterized by a half-life of approxi- 
mately I hr.. ended about 3 4 hr. after administration of thc drug. 
The final exponential decline exhibited a half-life of approximately 
3.5  hr . .  which is somewhat longer than the average biological half- 
life of 2.7 hr. round in a comprehensive bioavailability study, the 
results of which are to be publishedL3. 


I ?  The relative standard deviation was calculated from: 


n -  1 
where d is the difference between duplicates, rn is the arithmeticmean of 
tach duplicate detcrnimation, and  ) I  is the number of deterniinations. 


I J  D. Alkalay. I*. Kheniani. W. E. Wagiicr, Jr., and M .  F. Bartlett, 
to bc piiblishctl. 


CONCXUSIONS 


The spectrophotofluorometric procedure described in this study 
is capable of detecting and quantitating nanogram amounts of 
methyltestosterone in blood plasma or serum, and storage of samples 
or their extracts for limited periods of time has no measurable effect 
upon the recoveries of unchanged drug. The precision of the method 
is good, and random errors, as measured by standard deviation, 
should not influence results by more than 12";. The specificity of 
the assay is supported by published evidence and by data generated 
in this laboratory. It is concluded, therefore. that this method can be 
used advantageously for human bioavailability studies. 
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One-tenth mole of anil in 50 ml. of methanol was reduced with 


0.15 mole (5.6 g.) of sodium borohydride (2). The mixture was re- 
fluxed for 30 min., the methanol was removed by distillation, 50 
ml. of water was added, and the mixture was cooled. The oily reac- 
tion mixture was then extracted twice with 50-ml. portions of ether. 
The extracts were combined, dried over anhydrous calcium sulfate, 
and acidified with anhydrous hydrogen chloride. The crystals were 
collected, washed with dry ether, and recrystallized from an eth- 
anol-ether mixture. 


1 All melting points were taken on a Thermalyne apparatus and were 
not corrected. 
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New Compounds: 
Resolution of d, Z-a-Benzamido-4-hydroxy-3-methoxydihydrocinnamic 
Acid, a Precursor of Z-3,4-Dihydroxyphenylalanine 


THOMAS J. SCHWAN. and HOMER A. BURCH 


Abstract IJ d,l-~-Benzamido-4-hydroxy-3-methoxydihydrocinnamic 
acid was resolved using dehydroabietylamine, and the I-salt thus 
obtained was converted to I-3,4-dihydroxyphenylalanine. 


Keyphrases 0 d,~-cy-Benzamido-4-hydroxy-3-methoxydihydrocin- 
namic acid-resolution using dehydroabietylamine 1-3,4-Di- 
hydroxyphenylalanine-resolution of a precursor, d,l-a-benz- 
amido-4-hydroxy-3-methoxydihydrocinnamic acid, using dehydro- 
abietylamine 0 Dehydroabietylamine-used to resolve d,l-u- 
benzamido-4-hydroxy-3-methoxydihydrocinnamic acid, a precursor 
of 1-3,4-dihydroxyphenylalanine 


The recent interest in 1-3,4-dihydroxyphenyIalanine 
(I) for the treatment of Parkinson's disease prompted 
an investigation into the synthesis of this amino acid. 
Although d,l-a-benzamido-3-hydroxy-4-methoxydihy- 
drocinnamic acid (11) had been resolved using cincho- 
nine (l), resolution of the isomeric amino acid 111, 
derived from vanillin in the azlactone synthesis, ap- 
parently had not been previously reported I. 


Resolution of XI1 was not achieved with cinchonine 
but was readily effected in excellent yield in the present 
work with dehydroabietylamine (IV). The optically 
active amine IV, previously isolated from commercial 


0 


R'O' 


After this work was completed, resolution of 111 using dehydro- 
abietylamine was reported; A. Kaiser, M. Scheer, W. Haeusermann, and 
L. Marti, German pat. 1,964,420; through Chem. Abstr., 74, 3864y 
(1971). 
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Amine D, is a relatively inexpensive, nontoxic agent 
and has been employed in the resolution of racemic a- 
phenoxypropionic acid and racemic a-benzyloxycar- 
bonylaminophenylacetic acid (2). 


Treatment of the resolved /-salt of III with dilute 
hydrochloric acid followed by refluxing 48 HBr 
yielded I. Thus, this resolution of racemic I1 afforded I 
in high optical purity and good yield without lengthy 
fractional crystallization. 


EXPERIMENTALz 


Resolution of d,l-or-Benzamido-4-hydroxy3-methoxydihydrocin- 
namic Acid (III-Dehydroabietylamine (IV) (57 g., 0.20 mole) 
was dissolved in 450 ml. boiling methanol, and a small amount of 
mechanical impurity was removed by filtration. The solution was 
heated to boiling, and a solution of 111 (3) (63 g., 0.20 mole) in 160 
ml. boiling methanol was added. The solution was boiled, and 113 
ml. of boiling water was added (to turbidity). The mixture was 
allowed to cool gradually to room temperature and was stored at 
room temperature for 18 hr. The product was washed with two 
125-ml. portions of methanol-water (4:1), air dried, and then dried 
at 60" to give 51 g. (83%) of the product, m.p. 223-224"; [a]: 
+50.30° (concentration 1.91 %, methanol). The analytical sample 
was obtained after three recrystallizations from methanol-water 
(4:l); [ ~ r ] 2 D 5 0  $53.50' (concentration 1.97z, methanol). 


Aml.-Calc. for C,7H17N05~C20H,,N: C, 73.87; H, 8.44; N, 4.66. 
Found: C, 73.97; H, 8.05; N, 4.66. 
1-3,4-Dihydroxyphenylalanine (I)-A 3-ml. portion of concen- 


trated hydrochloric acid was added to a mixture of 3.85 g. (0.0064 
mole) of the resolved salt of IV and 111, 40 ml. water, and 40 rnl. 
ethyl acetate. The organic layer was separated, and the aqueous 


~ 


* Melting points were taken in a Mel-Temp apparatus in open capil- 
lary tubes and are uncorrected. The optical rotation measurements were 
determined on a Perkin-Elmer 141 polarimeter. The amino acid analysis 
was conducted on a Phoenix Precision Instruments amino acid an- 
alyzer, using a 50-cm. 2-A column at 50" and pH 5.29, with Pierce 
d,C3,4-dlhydroxyphenylamlne, Puriss. grade, employed as the stan- 
dard. 







layer was extracted with two 40-ml. portions of ethyl acetate. The 
combined organic layers were washed with 50 ml. water, dried 
(magnesium sulfate), and concentrated to dryness in uacuo to give 
3.10 g. of the acid. To the acid was added 50 ml. 48% HBr. The mix- 
ture was stirred and refluxed for 2.25 hr. and then allowed to stand 
at room temperature for 15 hr. The solid was filtered and washed 
with two 5-ml. portions of 48% HBr. The fitrate and washings were 
combined and concentrated to dryness in VQCUO. To the residue was 
added 10 ml. water and a few drops of sulfur dioxide-water. The 
solution was warmed, decolorized, and filtered. The filtrate was 
cooled, adjusted to pH 5 (pH paper) with concentrated ammonium 
hydroxide, and stored in the refrigerator for 2 days. The solid was 
filtered, washed with two 10-ml. portions of absolute ethanol, and 
air dried to give 0.52 g. (40%) of I; [a]:' --11.15"(concentration 
2%, 1 N HCI). An analytically pure sample of I was isolated from 
velvet bean extract by the literature method (4); [a]Y (obs.): 
- 11.62" (concentration 2%, 1 N HCl), (lit.): - 12.0" (concentration 
1 Z, 4% HCI). The product exhibited an IR spectrum identical to 
that of an authentic sample of I. Amino acid analysis indicated the 
purity of the product to be 97%. 
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C O  M M  U N I C A  TIONS 


Existence of a Vagosympathetic Pressor 
Reflex in the Dog 


Key phrases 0 Central vagal stimulation-vagosympathetic pressor 
reflex, dogs 0 Vagosympathetic pressor reflex-response to 
central vagal stimulation, sympathetic efferents versus vagal 
afferents, dogs 


Sir: 
It has been substantiated by many workers, among 


whom may be mentioned Chapman et al. (1) and 
Tansy et al. (2), that central vagal stimulation at the 
cervical level in the bilaterally vagectomized dog in- 
variably produces a definite and constant elevation in 
arterial pressure with no change in the pulse rate or 
ECG. 


From these reports it was to  be assumed that the 
pressor response to central vagal stimulation in the dog 
results from vagal afferent activity. In a recent report, 
Pedersoli (3) concluded, however, that the pressor 
response was mediated solely by simultaneous stimu- 
lation of the sympathetic fibers which are fused into the 
common trunk with the vagus nerve in the cervical 
region of the dog. We, therefore, subjected this question 
to further examination. 


Acute experiments were conducted in 12 fasted 
mongrel dogs to  determine the afferent pathway which 
subserves the arterial pressor response to  central 
stimulation of the vagosympathetic trunk. After an 
overnight fast, anesthesia was induced with sodium 
thiopental (20 mg./kg. body weight) and maintained 
with a mixture of chloralose-urethan (25 and 250 mg./ 


Intra-tracheal Pressure 


R. Vagosympathetic 
Trunk IRCVl R. vagal Afferent6 R. Sympathetic -. -. . . ._ 


in Trunk Efferent8 in Trunk *-- 
-0 mm HgFEMCRAL ARTERIAL PRESSURE c--.-( 


1 min. 


Figure 1-Polygram sections showing arterial pressure arid respira- 
tory responses to electrical stimulation of the cirl cephalic end of the 
entire right vagosympathetic trunk of the dog, the cagalportion of the 
same trunk, arid the peripheral sympathetic component. 


kg. body weight, respectively). In all preparations, the 
vagus was surgically separated from its sympathetic com- 
ponent by locating the superior cervical ganglion and 
dividing the common sheath holding together the 
sympathetic efferent nerves and the vagus. The dis- 
sected right and left vagosympathetic trunks were 
sectioned in the neck and prepared for cephalad stimu- 
lation as described by Taylor and Page (4). 


The cephalic end of the divided vagosympathetic 
trunk, its vagal afferent, and sympathetic efferent com- 
ponents were stimulated with monophasic square wave 
pulses, using pressor parameters described by Feldman 
(5). The stimuli consisted of monophasic square wave 
pulses, with a frequency range of 30-60 Hz., a duration 
of 1 msec., and voltages of 10-40 v. Absolute current 
flow was measured using voltage drop determination 
across a precision resistor of known value in series with 
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Determination of Pentylenetetrazol in 
Tablets and Injectables by NMR 


JOHN W. TURCZAN' and BRUCE A. GOLDWITZ 


Abstract 0 A rapid and accurate NMR procedure is described for 
the analysis of pentylenetetrazol in tablet and injection dosage 
forms. A standard deviation of 0.7% was obtained on 10 synthetic 
mixtures. The NMR spectrum, in addition, provides a very specific 
means of identification for pentylenetetrazol. 


Keyphrases 0 Pentylenetetrazol-NMR analysis in tablets and 
injectables 0 NMR spectroscopy-analysis, pentylenetetrazol 
tablets and injectables 


Numerous procedures have been published for the 
determination of pentylenetetrazol (6,7,8,9-tetrahydro- 
SH-tetrazoloazepine), hereafter designated as I. Methods 
include the complexation of I with the chloride 
salts of cadmium (1, 2), copper (3), and mercury (4, 5) .  
This is followed by either a gravimetric determinative 
step or a titration of the excess metal ion (or the complex 
itself). A technique developed by Throop (6) involves 
the precipitation of a phosphotungstate salt of a silver-I 
complex and subsequent direct titration with hydro- 
chloric acid. Spectrophotometric approaches were in- 
vestigated by Kolusheva and Nin'o (7) and by Daoust 
(8). Beyrich and Schlaak (9) and Popov and Marshall 
(10) quantitatively analyzed I using nonaqueous titra- 
tion procedures. Other approaches to the assay of I 
include refractometry (1  1, 12), indirect polarography 
(13), and GC (14-16). 


The method officially adopted by the National For- 
mulary (17) for I injections involves the elution of the 
drug with water-saturated chloroform from an acid- 
base siliceous earth chromatographic column. The ab- 
sorbance of the eluate is then determined using a suit- 
able IR spectrophotometer. However, as was reported' 
and experienced by this laboratory, the official cleanup 
procedure is not adequate for commercial tablet prep- 
arations. 


The use of NMR is very attractive for the quantitative 
analysis of high dosage pharmaceuticals. Addition of 
an internal standard followed by a suitable extraction 
and NMR scan is generally all that is required. Good 
quantitative results can be obtained, and the NMR 
spectrum provides an identification of the active in- 
gredient, thereby contributing to the specificity of the 
method. 


This report describes an NMR procedure for quan- 
titative analysis of I as the pure drug and in the injection 
and tablet dosage forms. Although the applicability 
of the NMR technique to the analysis of I in ampuls was 
mentioned previously (18), the choice of solvent and 
reference protons of I for quantitative analysis is felt 
to be superior for this case. The results of this study 


1 J ,  C. Prinzo, private communication, Food and Drug Administra- 
tion. 


show that the NMR procedure is simple, specific, 
accurate, and precise when used in the determination 
of the pure drug and dosage forms. 


EXPERIMENTALz 


Standard-Pentylenetetrazol was used3. 
Internal Standard-The internal standard was hexamethylcyclo- 


Solvent-Carbon tetrachloride' was used. 
Samples-Compound I tablets and Compound I injectables were 


obtained from various commercial sources. 


trisiloxanes 11. 


PROCEDURE 


Tablet Preparation-Weigh and finely powder not less than 20 
tablets. Weigh accurately a portion of the powder, equivalent to 
about 100 mg. of I, into a glass-stoppered centrifuge tube. Add 
about 60 mg. 11, accurately weighed, and 3 ml. carbon tetrachloride. 
Stopper and shake for 2 min. and then centrifuge. 


Injectable Preparation-Pipet a portion of the sample solution, 
equivalent to 100 mg. of I, into a 25-ml. glass-stoppered conical 
flask. Evaporate to dryness in a vacuum oven at 60". Cool to room 


L- 


, 
I . . . . I . . * . I . . . . I . . . . I . . . . I . . ,  


4.0 2.0 0 
P.p.m. (6) 


Figure 1-NMR spectrum of pentylenetetrazol ( I )  in carbon tetrachlo- 
ride. Key: 11, hexamethylcyclotrisiloxane (internal standard); arid 
111, tetramethylsilane. 


* A Varian A-60 NMR spectrometer, equipped with a V-6031 vari- 
able temperature probe having a s1x-turn insert, was used. All spectra 
were scanned at a probe tempera!ure of 42". 


a K & K Laboratories. Plainview, N. Y. 
4 Fisher Scientific Co., Fair Lawn, N. J.  


Vol. 61, No. 8, August 1972 0 1309 







Table I-Determination of Pentylenetetrazol in 
Standard Mixtures by NMR 


I1 Internal ---- Pent ylenetetrazol-----. 
Standard Standard Added, Found, Recoverya, 
Mixture Added, mg. mg. mg. % 


1 60.1 104.6 104.1 99.5 
2 59.7 104.0 104.5 100.5 
3 62.2 102.2 100.6 98.4 
4 60.7 52.0 52 n inn 0 
5 64.5 155.5 154.9 99 .6  
6b.c 60.8 103.1 102.9 99.8 
7b .c 61.5 105.2 106.0 100.8 
8b.c 63.6 100.7 100.3 99.6 
9b.d 61.2 107.1 106.2 99 .2  


I W  61.7 103.3 102.9 99 .6  


a The mean and standard deviation for all loresults are99.7 and 0.7%. 
respectively. b Standard dissolved in 1 ml. water and evaporated to dry- 
ness in a vacuum oven at 60”. c Dried for 1 hr. d Dried for 2 hr. 0 Dried 
for 3 hr. 


temperature, add 60 mg. 11, accurately weighed, and add 3 ml. car- 
bon tetrachloride. Stopper the flask and mix thoroughly. 


Transfer about 0.4 ml. of the solution to an analytical NMR 
tube. Place in an NMR spectrometer and obtain the spectrum, 
adjusting the spin rate so that no spinning side bands occur between 
-0.4-0.6 p.p.m. and 1.2-2.5 p.p.m. using the delta scale. All peak 
field positions are referred to tetramethylsilane (111) at 0 p.p.m. 
Integrate the peaks of interest at least five times. 


The amount of I may then be calculated as follows: 


(Eq. 2) rng. I - A, E.W. mg. I1 - x .  . - 2 x  -,. 
ml. injectable Ah E.W.,, ml. injectable 


where A ,  = integral value of the signal representing I, A h  = inte- 
gral value of the signal representing 11, E.W., = formula weight of 
I/6 = 23.03, and E.W.,, = formula weight of 11/18 = 12.35. 


RESULTS AND DISCUSSION 


The selection of a solvent and an internal standard is important 
in any NMR procedure. In this case, since both the drug, I, and the 
internal standard, 11, are freely soluble in carbon tetrachloride, it 
becomes the solvent of choice. This solvent offers the obvious 
advantage of adding no proton signals to the spectrum. This fact, 
together with the convenient upficld position for the 11 protons, 
presents an uncomplicated spectrum composed of the proton 
resonance from the structural features of I alone. This is an ideal 
situation for the unambiguous identification and interference-free 
quantitative analysis of the drug. I t  is possible that I1 may be lost 
from the sample by sublimation. However, Barcza (19) reported 
that if I1 is the last component to be weighed and added to the tube 
which is then stoppered, no loss is incurred. The results from this 
laboratory corroborate these findings. 


The spectrum for I is shown in Fig. 1. Three sets of peaks are 
noted (a. b, and c) in addition to the singlet at about 0.13 p.p.m., 
which is ascribable to the 18 methyl protons of the I1 standard. The 
multiplet at  about 4.5 p.p.m. is assigned to the methylene protons, 
designated c in Fig. 1, whereas the one at about 3.0 p.p.m. is due 
to the methylene protons labeled b. Logically, the choice for quan- 
titative analysis is the multiplet centered at  about 1.9 p.p.m. and 
assigned to the six methylene hydrogens labeled a in Fig. 1. Integra- 
tion of this broad pattern gives the largest single region for measure- 
ment. 


The analysis of a group of standard I mixtures by NMR is sum- 
marized in Table 1. To simulate the injectables, standards 6 1 0  
were dissolved in 1 ml. of water and dried in a vacuum oven at  60” 
for the times specified in the table. The preparations were then 
carried through the described procedure. The method is both 
accurate and precise, with a mean of 99.7 f 0.7z.  The relative 
proportions of I to 11, as noted in Table 1, have no significant bearing 


Table n-Determination of Pentylenetetrazol in 
Commercial Preparations by NMR 


Tablet, mg./Tablet 
Injectable, 


rng./ml. Percent of 
Sample Type Declared Declared“ 


1 Tablet 
2 Tablet 
3 Tablet 


100 
100 
100 


~~ 


100.4 
98.8 


inn P 
4 Tablet 100 102.3 
5 Tablet 100 99.9 
6 Tablet 100 100.3 
7 Iniectable I00 99.1 
8 IGect able 100 98: 1 
9 Injectable 100 99.6 


10 Injectable 100 100.5 


0 Sincc the quantity of drug in the individual dosage unit is 100 mg.. 
the quantity found in milligrams per unit and percent of declared values 
are identical. 


on the accuracy of the determination for the range of proportions 
shown. 


By applying this procedure to  actual samples, approximately 15 
commercial I tablet and injectable preparations were determined 
by NMR. The results are in good agreement with the declared 
dosages (Table 11). 


Some formulations encountered contained I in combination 
with either nicotinic acid or a mixture of methyl- and propylpara- 
bens. No interferences from either of these additives or from the 
excipients present were observed. In addition, N M R  spectra were 
obtained and examined of such binders as starch, sucrose. lactose, 
sodium alginate, methylcellulose, and ethylcellulose and of some 
antisticking agents and lubricants in carbon tetrachloride. They 
were found not t o  interfere with the NMR analysis of I. 


REFERENCES 


(1) E. Anderson, M. Fors, and J. E. Lindgren, Acfa Chem. 


(2) A. Kolusheva and N. Nin’o, Farmatsiya (Sofia), 14, 27 


(3) L. K. Sharp, J. Pharm. Pharmacol., 4, 52(1952). 
(4) T. E. V. Horsley, Analyst, 71, 308(1946). 
( 5 )  G. Helmstaedter, Mitt. Deut. Pharm. Ges., 29,91(1959). 
(6) L. J. Throop, J. Pharm. Sci., 54, 308( 1965). 
(7) A. Kolusheva and N. Nin’o, Farmatsiyo (Sofia), 6, 19 


(8) R. A. Daoust, J. Pharm. Sci., 52, 642(1963). 
(9) T. Beyrich and G. Schlaak, Pharmazie, 24, 152(1969). 


Scund., 14, 1957(1960). 


(1964). 


(1956). 


(10) A. 1. Popov and J. C. Marshall, J. lnorg. Nucl. Chem., 19, 


(11) N. P. Yavorskii, Aptechn. Delo, 6 ,  69(1957). 
(12) K. Kalinowski and I. Wardecka, Acfa Polon. Pharm., 16, 


(13) V. ParrCk, Cesk. Farm.. 3,42(1954). 
(14) H. Kolb and P. W. Patt, Arzneim.-Forsch., 15,924(1965). 
(15) H.  Kawamoto, Kumamoro Med. J., 15,69(1962). 
(16) C. Cardini, G. Cavazzutti, and V. Quercia, Boll. Chim. 


(17) “The National Formulary,’’ 13th ed., Mack Publishing Co., 


(18) A. Tapernoux, A. Cier, and P. Delatour, Bull. SOC. Sci. 


(19) S .  Barcza, J. Org. Chem., 28, 1914(1963). 


340(196 1 ). 


32x1959). 


Farm., 109, 333(1970). 


Easton, Pa., 1970, p. 532. 


Vet. Med. Comp. (Lyon), 71, 121(1969). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received December 13.1971, from the Foodand Drug Admitzistra- 
tion, Depar/menf of Health, Educatiotr, and Welfare, Brooklyn, N Y 
I 1  232 


Accepted for publication March 30, 1972. 
A To whom inquiries should be directed. 


1310 Journal oj’Pharmaceutical Sciences 








(3) G. J. Dixon, E. A. Dulmadge, and F. M. Schabel, Jr., 


(4) P. J.  Creaven, D. V. Parke, and R. T. Williams, Biochem. J . ,  


( 5 )  N. E. Sladek, Cancer Res., 31, 901(1971). 
(6) B. Hirt, J.  Mol. Biol., 26, 365(1967). 
(7)  R. W. Hubbard, W. T. Matthew, and D. A. Dubowik, Anal. 


(8) R. P. Perry and D. E. Kelley, J.  Cell Physiol., 72, 233 1968). 
(9) N. Brock, in “Proceedings 5th International Congress on 


Chemotherapy,” vol. 2, K. H. Spitzy and H. Haschek, Eds., Verlag 


Cancer Chemother. Rep., 50, 247(1966). 


96, 390(1965). 


Biochem., 38, 190(1970). 


Der Wiener Medizinischen Akademie, Vienna, Austria, 1967, p 
155. 


LARRY M. ALLEN 
PATRICK J. CREAVEN. 
NCI-VA Medical Oncology Service 
Veterans Administration Hospital 
Washington, DC 20422 


Received June 29, 1972. 
Accepted for publication September 1 ,  1972. 
A To whom inquiries should be directed. 


BOOKS 


REVIEWS 


Organic Reactions in Steroid Chemistry, Volumes I and 11. Edited by 
JOHN FRIED and JOHN A. EDWARDS. Van Nostrand Reinhold Co., 
450 W. 33rd St., New York, NY 10001, 1972. 15 X 23 cm. Price: 
Vol. I (xv + 510 pp.) $26.00; Vol. I1 (xii + 466 pp.) $24.00; for 
the 2-volume set $45.00. 
This work consists of up-to-date critical reviews of the mechanism 


and scope of a number of types of transformations which have 
proven to be particularly useful in steroid chemistry. Most authors 
are experts in the areas which they discuss and, in consequence, they 
are able to offer many practical suggestions. Selected experimental 
procedures are given for all recommended reactions. While other 
authorities might occasionally question the procedures recom- 
mended by a given author, those presented are typically procedures 
which have proven to be particularly reliable. 


Volume I begins with a discussion by Dryden of metal-ammonia 
reductions and reductive alkylations. The excellence of this chapter 
is marred only by the lack of any mention of related reactions in 
higher amines or in trimesitylborane. Following authoritative re- 
views of ketone reductions by hydride reagents, diborane, and irid- 
ium complexes by Wheeler and Wheeler and of hydrogenation by 
Augustine, TGke‘s and Throop present a definitive account of tech- 
niques which have been used for selectively deuterating steroids. 
Rasmusson and Arth then give a particularly lucid account of selec- 
tive oxidation of hydroxyl groups in polyfunctional steroids. A long 
(109 pages), but selective, chapter by Beard provides a good overview 
of methods for introducing double bonds. This chapter includes a 
discussion of the preparation of haloketones which is generally 
quite useful but which does slight several methods and which fails to 
make clear that 21-halo-20-ketones readily rearrange to 17a-halo- 
20-ketones. Both of these deficiencies are rectified in a chapter by 
Oliveto in Volume I1 (but without cross-referencing or adequate 
indexing). A chapter by Gardi and Ercoli gives a thorough coverage 
of a number of methods for selectively protecting carbonyl and 
hydroxyl groups but fails to even mention the use of tert-butyl 
ethers and silyl ethers for the protection of hydroxyl groups or of the 
tetramethyl bismethylenedioxy group for the protection of the di- 
hydroxyacetone side chain. The first volume concludes with an ex- 
cellent review by Josef Fried and N. A. Abraham of methods for 
introducing fluorine into steroids. 


Volume I 1  begins with a chapter by Matthews and Hassner on the 
synthesis of oxiranes, aziridines, and episulfides. This is followed by 
a review by Laurent and Wiechert of methods for selectively intro- 
ducing alkyl and methylene units into steroids. The Wittig reaction 
is considered in the following chapter, by Oliveto, which focuses on 
methods for interconverting androstanes and pregnanes and on 
procedures for oxygenating the side chain of pregnanes. Heusler and 
Kalvoda contributed a chapter on functionalization of angular 


methyl groups and on the conversion of C-19 functionalized steroids 
to 19-norsteroids. The photochemistry of c hromophores containing 
the carbonyl group is reviewed by Schaffiier. Ring expansion and 
simultaneous ring contraction-ring expansion reactions are reviewed 
by Boswell, and ring contraction reactions are covered by Scribner. 
Although the material presented by Oliveto, Boswell, and Scribner 
is excellent, it is to be regretted that none of them included a discus- 
sion of the sequences which have been developed for converting 
D-homosteroids to 20-ketopregnanes. 


The utility of these books, particularly for the nonsteroid chemist, 
could have been improved by a more thorough indexing. Despite 
this lack, all steroid chemists and any others who may be concerned 
with analogous reactions (provided that they are put off neither by 
the title nor by the cost) will want these volumes at their desks. 


Reviewed by Alan J. Solo 
Department of Medicinal Chemistry 
School ojPhurmacy 
State University of New York at Buffalo 
Buffalo, N Y  14214 


Civilization & Science in Conflict or Collaboration? A Ciba Founda- 
tion Symposium. American Elsevier, 52 Vanderbilt Ave., New 
York, NY 10017,1972.227pp. 16 X 24crn. 
The symposium was held in late June 1971, and was attended by 


scientists, politicians, economists, and historians from several na- 
tions. They attempted to review the origins of today’s conflict and 
reexamine the traditional lack of value orientation in science. The 
antiscience movement is considered along with such problems as 
scientific involvement in politics and the effects of social conflicts 
and recent cutbacks in funds on the creative work of scientists. 


Stuff Review 


Analytical Emission Spectroscopy, Vol. I, Part 11. Edited by E. L. 
GROVE. Marcel Dekker, Inc., 95 Madisox1 Ave., New York, NY 
10016,1972. ix f 570pp. 15 X 23 cm. PriceS35.75. 
This book contains four sections on excitation of spectra, flame 


spectrometry, qualitative and semiquantitative analysis, and quan- 
titative analysis. Each chapter covers a parlicular area and coordi- 
nates the earlier basic developments with the more recent work in 
the field. 


Sraff Review 
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RESEARCH ARTICLES 


Solvolyses of Cytosine and Cytidine 


EDWARD R. GARRETT. and JOSEF TSAU 


Abstract 0 It has been confirmed by UV spectrophotometry and 
TLC that cytosine and cytidine deaminate to uracil and uridine, 
respectively, at all pH values. These products slowly degrade further 
in strongly alkaline solutions. Cytidine also undergoes a parallel 
degradation in strongly alkaline solutions to a nonchromophoric 
compound, which can be assigned to a product of pyrimidine ring 
cleavage. The kinetic expression for the apparent first-order rate 
constant for the deamination of cytosine and its derivatives is: kl = 


. f H C  are the fractions of substrate protonated and nonprotonated, 
respectively; and log k-pH profiles were prepared for several tem- 
peratures. The microscopic rate constants for deamination and their 
Arrhenius parameters were obtained. Cytosine showed a pK'a2 
assignable to a dissociation in highly alkaline solutions, and this 
anionic form appeared resistant to deamination. No such kinetic 
pK'a2 was assignable to cytidine. Buffer catalytic constants for 
deamination were obtained for acetate and carbonate buffer 
species. 


Keyphrases 0 Cytosine-solvolysis, deamination mechanisms, 
pH-rate profiles 0 Cytidine-solvolysis, deamination mechanisms, 
pH-rate profiles 0 Solvolysis--cytosine and cytidine, mechanisms 
0 pH-rate profiles-cytosine and cytidine solvolysis 0 UV spec- 
trophotometry-monitoring, cytosine and cytidine deamination 0 
TLC-identification, deamination products of cytosine and cy- 
tidine 


( ~ H X O  -k ko~[OH-]) f~~c '  + (~oH)I[OH-]~HC, where ~ H ~ c +  and 


This quantitative investigation of the chemical trans- 
formations of cytosine and cytidine is a continuation of 
the series of studies on the solvolytic reactions of pyri- 
midine and purine nucleosides and their derivatives 
(1-8). The purpose of this paper is to report on the ki- 
netics and possible mechanisms of the solvolytic degrada- 
tion of cytosine and cytidine and the determination of 
pertinent thermodynamic parameters. 


Schuster and Schramm (9) found that deamination 
of the amino groups of the cytosine, adenine, and gua- 
nine residues of the nucleic acids could be effected by 
nitrous acid. Jordan (10) showed that cytosine and 
guanine could be deaminated under strong acidic condi- 
tions; Shapiro and Klein (11) reported that both cyto- 
sine and cytidine also underwent deamination in several 
acidic buffers up to pH 5 at a very high temperature, 
e.g., 95",  and that the reactions were catalyzed by the 
species of several buffers. Quantitative data on the buffer- 
affected deamination of cytosine and of some of its 
nucleosides were given by Notari (12) and Notari et al. 
(13, 14), who reported that cytosine and these nucleo- 
sides underwent deamination in various buffers be- 
tween pH 3.4 and 7.7. They also demonstrated that the 
sugar moiety catalyzed the deamination rate and that 
the change of the configuration of the sugar moiety also 
affected the deamination rate. 


The ready deamination of cytosine derivatives to the 
corresponding uracil derivatives after the formation 
of a reversibly hydrolyzing saturated 5,6-double bond 
adduct with bisulfite ion is of fundamental interest 
because such a reaction may be responsible for muta- 
genic action by transforming the cytosine moieties in 
RNA and DNA (15-19). 


Systematic kinetic studies and determination of 
pertinent Arrhenius parameters are still lacking for acid 
and alkaline solutions. This paper presents studies that 
permit the presentation of complete pH-rate profiles for 
cytosine and cytidine. 


EXPERIMENTAL 


Materials-Cytosine (analytical grade)', cytidine (analytical 
grade)', uridine2, and uracil2 were purchased and used without 
further purification. Other chemicals used were of analytical reagent 
grade. 


M) 
and cytidine M) were prepared in double-distilled and N2- 
purged water. The kinetic studies were made on final solutions in 
the range of 0.8-1.2 X M. For slow reactions, i.e., half-lives 
in weeks and months, 2-25 ml. of stock buffer solutions and ap- 
propriate amounts of 1.00 N NaCl to maintain constant ionic 
strength were added to  appropriately diluted volumes of the stock 
solutions. Amounts of these solutions were sealed in 5-ml. ampuls, 
which had been cleaned and dried previously. The sealed ampuls 
were fastened together with stiff, heavy wire and immersed in a con- 
stant-temperature bath controlled within 0.5" over periods of 
months. Samples were taken at appropriate intervals and analyzed 
spectrophotometrically 3. 


For the fast reactions, i.e., half-lives in hours or a few days, 100- 
ml. volumetric flasks were used instead of ampuls. All reacting 
solutions and acidified aliquots were followed with time in the 
spectral range 220-320 nm. The acidified solution was obtained by 
the addition of 0.20 ml. of concentrated hydrochloric acid to 3.00 ml. 
of the reacting solution. The same matched spectrophotometric 
cells (10.00 mm.) were used for all measurements in a single kinetic 
run. 


pH Measurements-The pH values of the sodium hydroxide and 
hydrochloric acid solutions at the temperatures of study were cal- 
culated from extrapolation of activity coefficient data in the litera- 
ture (20). The pH values of buffer solutions were measured directly 
at the temperature of the study on a pH meter4 equipped with a 
high temperature combination electrodes, which was standardized 
with standard buffer solutions at the same temperature. 


M) and cytidine 
(lo-* M) in 0.25 N NaOH were prepared and were maintained at 
90" in a constant-temperature bath. Samples were withdrawn at 


Kinetic Procedures-Stock solutions of cytosine (4 X 


TLC Studies-Solutions of cytosine (7 X 


1 Calbiochem., Los Angeles, Calif. 
2 Nutritional Biochemicals Corp., Cleveland, Ohio. 
3 Cary 15 recording spectrophotometer, Monrovia, Calif. 
4 Direct-reading Beckman pH meter, Beckman Instruments Inc., 


6 Corning combination electrode, Sargent-Welch Scientific Co., 
South Pasadena, Calif. 


Birmingham, Ala. 
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Figure 1-Typical UV spectral changes of acidijed solutions of 
reacting M cytosine in solutions more acid than 0.1 N NaOH 
where the sole product of reaction is uracil as indicated by  the main- 
tenance of the isosbestic point at 263 nm. These spectra are for  reac- 
tions in 0.01 N HCI at 80.0" and are labeled as to the days of reaction. 


suitable time intervals and stored in a refrigerator before TLC 
studies. Alkaline solutions of cytosine (7 x M),  cytidine 
(10-2 M ) ,  uridine (10-2 M ) ,  and uracil (10-2 M )  were also prepared 
as standards for TLC studies. The TLC plates were prepared using 
silica gel G F d .  The chromatograms were spotted with about the 
same amount (-10 p l . )  of sample and developed to about 15 
cm. of travel of solvent front in a 1-butanol-water-acetone (50: 
25:25) solvent system. The RJ values of these compounds were the 
same for neutral and alkaline solutions. After development of the 
chromatogram, UV chromophores were located with a short wave- 
length UV light7 and also in an iodine chamber. 


RESULTS AND DISCUSSION 


Spectral Changes-The isosbestic points found in the spectra 
obtained at the pH of the kinetic study and in the spectra of the 
acidified solutions for cytosine up to the pH of 0.1 N NaOH and 
for cytidine up to pH 8.2 indicated one-to-one solvolytic transforma- 
tions. Typical examples are given in Fig. 1. The isosbestic points in 
the acidified solutions were 263 nm. for cytosine and 265 nm. for 
cytidine. The use of acidified solutions for the estimation of rate 
c.onstants was preferred since the difference in Amax values between 
cytosine and its product, uracil, and between cytidine and its 
product, uridine, was the greatest in this solution. These products 
are also highly stable in acid solutions ( 5 ) .  


The spectral changes of the acidified solutions of reacting cy- 
tosine followed the same pattern for all solutions more acidic than 
0.1 N NaOH: a hypsochromic shift in A,,, from cytosine (274 nm.) 
[lit. (21) 276 nm.] to uracil (259 nm.)[lit. (21,22) 262 nm.]. Similarly, 
the spectral changes of the acidified solutions of cytidine for re- 
actions up to pH 8.2 had the same pattern: a hypsochromic shift 
of A,,, from cytidine (280 nm.) to uridine (262 nm.). The solvolytic 
process can be stated to involve deamination of cytosine to  uracil 
up to the pH of a 0.1 N NaOH solution and of cytidine to  uridine 


6 E. Merck AG, Darmstadt, Germany. 
7 Chromato-Vue, Ultra-Violet Products, Inc., San Gabriel, Calif. 


up to  pH 8.2. These transformations were shown previously to 
exist below pH 6(11-14). 


In the more highly alkaline regions, kinetic studies based on 
spectral studies in situ and on acidified solutions did show a shift in 
X,,, from that of cytosine to  uracil or from that of cytidine to 
uridine. However, the lack of isosbestic points in these spectral 
transformations indicated a more complex sequence of solvolytic 
degradation. Typical spectral changes of acidified solutions that 
reacted in these alkaline regions are given as a function of time in 
Figs. 2 and 3. 


The shifts of the Amax concomitant with a loss of absorbance sug- 
gest that uracil and uridine degrade further to  nonchromophore(s) 
and/or that cytosine and cytidine also degrade directly to non- 
chromophoric compounds in addition to their respective deamina- 
tion to uracil and uridine. 


TLC Studies-TLC studies showed that in 0.25 N NaOH and at 
90", cytosine (Rf 0.44) degraded to  a chromophoric compound 
which had the same RJ value (0.62) as that of uracil. The amount of 
this compound initially increased and then slowly decreased until 
it completely disappeared. Similarly, cytidine ( R J  0.52) degraded to  
a chromophoric compound with an R/  value (0.64) identical to 
that of uridine, and this compound degraded further to  nonchromo- 
phoric compounds. Further proof that the intermediates were uracil 
and uridine was obtained by eluting the intermediates with water 
from preparative thick-layer plates. The solutions were centrifuged ; 
the UV spectra of the intermediates in solution, read at various pH 
values, were the same as those of uracil and uridine (21,22). 


TLC spots of cytosine and uracil were visible in an iodine 
chamber, whereas the spots of cytidine anti uridine were not. The 
fact that none of these spots appeared in the degradation of cytidine 


1 .o 


220 240 260 280 300 320 
WAVELENGTH, nm. 


Figure 2-Typical UV spectral changes of acid$ed solutions of 
alkaline reacting M cytosine. These spectra are for reactions 
in 0.2 N NaOH at 85.0" and are labeled CIS to the days of reaction. 
The lack of maintenance of an isosbestic point is indicative of a 
parallel andlor sequential reaction to  deamination. 
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Table I-Apparent First-Order Rate Constants as 10Skl, where kl is in sec.-l, for the Solvolytic Deamination of Cytosine and Cytidine 
to Uracil and Uridine, Respectively, in the pH Regions where This is the Sole Route of Degradation 


~~ 


Buffer 


10Skib 
-Cytosine 7 ,  Cytidine 


pHa 70.0" 80.0" 85.0" 90.0" 70.0" 80.0" 85.0" 90.0" 


[HCII 
0.99 
0.25 
0.20 
0.10 
0.05 
0.02 
0.01 
0.0025 


[CH3COOHl [CH,COONa] [NaClY .. 


0.110 0.015 
0.044 
0.022 
0.0088 
0.0638 
0.0255 
0.0128 
0.0051 
0.022 
0.0088 
0.0044 
0.0018 


[KHzPOal 
0.042 
0.0168 
0.0084 
0.00336 
0.0083 
0.0033 
0.0017 
0.0007 
[HJBOJI 
0.0938 
0.0375 
0.0188 
0.0075 


[NaHC03] 
0.106 
0.0425 
0.021 3 
0.0085 
0.075 
0.030 
0.015 
0.006 


0.006 
0.003 
0.0012 
0.0612 
0.0245 
0.0123 
0.0049 
0.103 
0.0412 
0.0206 
0.0082 


[K2HPOrl 
0.025 
0.010 
0.005 
0.002 
0.0548 
0.0219 
0.0110 
0.0044 
[NaOH] 
0.0225 
0.009 
0.0045 
0.0018 


[NazC031 
0.050 
0.020 
0.010 
0.004 
0.0916 
0.0366 
0.0183 
0.0073 


-0.072 
0.149 
0.175 
0.190 
0.065 
0.146 
0.173 
0.189 
0.074 
0.149 
0.175 
0.190 


[NaCI]. 
0.101 
0.160 
0.180 
0.192 
0.042 
0.137 
0.168 
0.187 


[NaCI]. 
0.180 
0.192 
0.200 
0.200 
[ NaCl] 
0.182 
0.313 
0.356 
0.383 
0.108 
0.28 
0.342 
0.377 


0.15 
0.74 
0.83 
1.11 
1.39 
1.76 
2.05 
2.63 


3.81 
- 
- 
- 


4.58 
- 
- 
- 


5.20 
- 
- 
- 


6.53 
- 
- 
- 


7.48 
- 
- 
- 


8.18 
- 
- 
- 


9.05 
- 
- 
- 


9.50 
- 
- 
- 


19.9 
25.5 


25.4 
27.0 


25.4 


- 


- 
- 


21.2 
19.3 
18.4 
17.2 
15.3 


11.4 
- 


9.87 
9.21 
7.61 
7.41 
7.08 


8.63 
6.45 
6.40 
6.04 


6.93 
6.68 
6.83 


6.84 
6.38 
5.71 
6.22 


9.62 
8.38 
7.96 
7.61 


- 


13.2 
11.3 
9.63 
9.13 


- 
61.5 


65.2 


- 
- 


- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


22.3 
17.5 
16.4 
15.7 
16.8 
16.7 
16.4 
16.2 


- 
9.50 
9.28 
8.69 


- 
- 
- 
- 
- 
- 
- 
- 


- 
35.7 


35.3 


42.4 


23.6 
21.6 
28.4 
26.4 


- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 


3.52 
2.88 
2.74 
2.78 
3.30 
2.17 
2.66 
2.65 


- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 


- 
67.0 
- 


109 
106 


112 
- 


- 


63.6 
59.0 
54.4 
49.2 
27.7 
21.5 
20.1 
18.6 
11.1 
8.93 
8.98 
8.50 


11.3 
8.75 
8.51 
7.62 
7.85 
7.88 
7.46 
7.44 


9.53 
8.88 
8.48 
7.26 


- 
- 
- 
- 
- 
- 
- 
- 


The pH values given are only for 80". The actual pH values at 90, 70, and 85" were not significantly different from these. The pH values of dif- 
ferent hydrochloric acid concentrations were calculated from pH = logf[HCl] and activity coefficient,f, data in the literature (20). The pH values of 
the buffer solutions were measured at  the reaction temperature and are given for 80". Each ki value of cytosine is the average of those calculated 
from the slopes of first-order plots at 275 and 290 nm. Each ki value of cytidine is the average of those calculated at 280, 295. and 300 nm. The ki 
values calculated from different wavelengths were not significantly different and agreed within 10%. Ionic 
strength adjusted to 0.400 M. 


Ionic strength adjusted to 0.200 M. 


in alkaline solution indicated that cytidine degraded to uridine and 
that one or both of these compounds degraded further to  non- 
chromophoric compounds other than uracil. 


Rate Constants-The reactions in acid and alkaline solutions 
were followed for a minimum of 1.5 half-lives and frequently to  
completion ( 2 7 half-lives). The reactions in buffer solutions were 
followed up to 21 1 days. The Am readings of the acidified, completely 
reacted solutions of the compounds at any pH were zero for cy- 
tosine at 290 nm. and for cytidine at 295 and 300 nm. (Figs. 1-3). 
Plots of In A uersus time of the acidified solutions were reasonably 
linear for all pH values at these wavelengths, whether or not  the 
reactions were followed to  completion. 


ki k2 
cytosine - uracil - nonchromophoric 


compound 1 ki' 
.L 


nonchromophoric 
compound 


Scheme I 


Reasonably linear plots were obtained up to  7 half-lives for In 
(A - A,) fiersus time plots of the acidified solutions of cytidine 
(280 nm.) reacting at pH values below that of 0.1 N NaOH and of 
cytosine (275 nm.) below pH 8.2. The apparent first-order rate 
constants calculated from the linear plots are given in Table I. 
Reasonable agreements were generally obtained among rate con- 
stants calculated from different wavelengths. Typical first-order 
plots are given in Fig. 4 for cytosine. 


Analysis of the spectral curves demonstrated the stoichiometric 
transformation of cytosine to uracil in solutions more acidic than 
0.1 N NaOH and of cytidine to uridine in solutions less than pH 
8.2. The final absorbances at the uracil and uridine A,,, values were 


cytidine uridine nonchromophoric 
ki k2 


compounds 1 ki' 
.L 


nonchromophoric 
compound 


Scheme 11 
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Table 11-Apparent First-Order Rate Constants as 107ki, where the ki Values are in set.-', for the Sequential Solvolytic Degradation 
of Cytosinea in the Alkaline Region 
~ _ _ _ _ _  


--70.0 O- -80.0"- -85.0"- I- 90.0"- 
[NaOH] PHb ki ks ki ka ki ki ki kz 


- - - - 4.45 - 9.61 


- 10.2 4.30 - - 25.3 - 


- - -c 24.1 7.32 - - 


- - - - - - 
0.485 
- - 


0.01 10.55 
10.84 0.02 


0.05 11.20 
0.10 11.49 


0.25 11.85 - - 13.8 - 37.7 8.71 
11.75 0.20 


- 
- - - - - 11.3 7.67 - 


- 
5.40 


- 


Rl k2 
a Cytosine - uracil -+ nonchromophoric products. Calculated from pH = log, pKw ,- log f [NaOH]. where the pKw and activity coefficient 


values, f ,  were obtained or extrapolated for the requisite temperatures from the data In the literature (20). The values given here are for the calculated 
pH values at 80". Previously, a rough estimate given for uracil degradation at 80" in 0.2 N NaOH was about 4 X 10-7 set;.-, (6). 


equivalent to those expected from the initial amounts of cytosine 
and cytidine, respectively. 
In strongly alkaline solutions, the plots of In (A - A,) of the 


acidified solutions uersus time for cytosine at 275 nm. were not 
linear and indicated a sequential reaction. The obtained absorbance 
data at 263 nm., the isosbestic point for cytosine and uracil, were 
fitted as a function of time with an analog computer using the model 
in Scheme I. The values of k = k,  + kl' were obtained from the 
slopes of the apparent first-order plots of the absorbances of the 
acidified solutions at 290 nm., a wavelength where uracil (Fig. 1) 
had no significant absorbance in acid solution. The methods of 
fitting such data by the analog computer were given previously 
(6,7). The values of k,' were essentially zero and indicated that the 
only route of cytosine degradation in alkali was through the uracil 
intermediate. The estimated values of k,  and kz are given in Table 
11. 


1.0 


0.9 


0.8 


0.7 


W 


p 0.6 
a m a 
2 0.5 
m a 


0 .4  


0.3 


0.2 


0.1 


n 
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Figure 3-Typical UV spectral changes of acidijied solutions of 
alkaline reacting lo-' M cytidine. These spectra are .for reactions in 
0.2 N NaOH at 85.0" and are labeled as to the days of reaction. 
The lack of maintenance of an isosbestic point is indicatiue of a 
parallel and/or sequential reaction to  deamination. 


The plots of In (A - Am) uersus time for acidified solutions of 
cytidine above pH 9.0 were also nonlinear; the absorbance data 
at 265 nm., the isosbestic point of cytidine and uridine, were fitted 
as a function of time with an analog computer using the model 
in Scheme 11. The values of k = k ,  + k,' were obtained from the 
slopes of the apparent first-order plots of the absorbances of the 
acidified solutions at 295 or 300 nm. The calculated rate constants 
are given in Table 111 for the alkaline degradation (pH > 9.0) of 
cytidine. The kinetic constants, kz, determined from the computer 
fitting of the cytidine data were in good agreement with those deter- 
mined previously for uridinedegradation(7) .This agreement strongly 
supported the model in Scheme 11. A typical computer-fitted 
curve for cytidine data is given in Fig. 5. 


The low magnitudes of the k2 values demanded data at much later 
times of reaction. The formation of cloudy silicate precipitates in 
highly alkaline solutions interfered with proper spectral readings. 
These cloudy solutions were centrifuged and/or filtered, and the kz 
rate constants for cytosine and cytidine in alkaline solutions were 
calculated under the assumption that these procedures would not 
significantly perturb the true absorbance values. 


Buffer Catalysis of Deamination-The apparent first-order rate 
constant in a buffer solution is the sum of contributions of the hy- 
drogen ion, the hydroxyl ion, the acidic and the basic components 
of the buffer, and water (23). The overall rate constant for the reac- 
tion in a buffer, on the assumption of no water attack, may be ex- 
pressed (23) by: 


0.5 @ 


I 


20 40 60 80 100 120 
DAYS 


Figure 4-typical first-order plots .for the spectral monitoring at 290 
nm. of the 80.0" degradation of lo-' M cytosine. The curues and the 
conditions of the reactions were: A,  p H  8 2 ;  B, pH 5.2; C, pH 9.5; 
D ,  p H  3.8; E ,  0.01 N NaOH; F, 0.05 N NaOH; and G, 0.01 N 
HCI. 
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Table 111-Apparent First-Order Rate Constants as ki, where the ki Values are in sec.-l, for the Sequential and Parallel Solvolytic 
Degradation of Cytidine" in the Alkaline Region 


[NaHC03] [Na2C03] 
0.106 0.050 
0.0425 0.020 
0.0213 0.010 
0.0085 0.004 
0.025 0.140 
0.010 0.056 
0.005 0.028 
0.002 0.0112 


[NaOH] 
0.02 
0.05 
0.10 
0.20 
0.25 
1.00 


[NaCl] 
0.182 9.05 
0,313 - 
0.356 - 
0,383 - 


0.231 - 
0.320 - 
0.368 - 


P H  
10.84 
11.20 
11.49 
11.75 
11 .80 
12.25 


0.0037 10.21 


0.211 
0.173 
0.146 
0.127 
0.991 
0.811 
0.583 
0.344 


- 
8.60 


13.10 


32.4 
135.0 


- 


0 
0 
0 
0 
0.424 
0.259 
0.162 
0.652 


- 
1.88 
2.73 


2.84 
- 


16.3 


0.112 
0.0861 
0.0796 
0.0457 
0.431 
0.421 
0.357 
0.401 


- 
1.92 
2.90 


6.02 
- 


11.3 
~ ~ ~~~~~~ ~ 


ki' ki k? 
Nonchromophoric product - cytidine + uridine -c nonchromophoric product, where the rate constant for the overall loss of cytidine is given as 


k = ki + k, ' .  * Measured at 80". Calculated from pH = pI<w - logf[NaOH], where the pK and activity coefficient values, f, were obtained or 
extrapolated for the requisite temperature (20). The values given here are for the calculated pH values at 80". 


Thus, a plot of k ilersus [HA] at a constant pH will be linear with 
intercept k~ [H+] + k o ~ [ o H ]  and slope   HA + k ~ & / [ H + l ) .  A plot of 
k versus [A-] at a constant pH will give a straight line with intercept 
~ H [ H + ]  + ko~1[0H] and slope ~HA[H+]/& f k ~ .  A plot of k uersirs 
[HA] or k ccrsirs [A-] at two or more pH values will permit calcula- 
tion of both catalytic constants (20, 21). Both methods were used to 
calculate the data given in Table IV with consistent results. Typical 
plots for acetate and carbonate buffer catalytic effects are shown 
in Figs. 6 and 7 for cytidine and cytosine. Although these data are 
not of the best, they serve the desired function of permitting reason- 
able estimates of rate constants at zero buffer concentrations. The 
data in these plots of apparent first-order rate constants against 
acetic acid and carbonate-ion concentrations at the several pH 
values do not permit one to reject the premise of parallelism of 
these plots and the fact that these species are the probable major 
catalytic species in the buffers (24, 25). Similar plots against acetate 
and bicarbonate-ion concentrations for the several pH values were 
not parallel. The cytidine catalytic constants of acetate buffer at 
80" of Notari el ul. (14) differed from the estimates given in Table 
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Figure 5-Anulog comprrter fit of the change in absorbance at 265 
rim. ugoinst time of M cytidine at 80.0" in accordance with 
Scheme 11. Crrrre A is i n  0.05 N NaOH. Curve B is in 0.10 N NaOH. 


IV. This is understandable since the catalytic effects are not too 
great and the reactions are extremely slows. 


The experimental results were not accurate enough for the estima- 
tion of the catalytic constants of phosphate buffer since, because 
of the slowness of the reaction, less than 1 half-life was followed. 
The t i / ,  of cytosine in phosphate buffer at 70" is -380 days (14). 


The apparent first-order rate constants (Table V) at zero buffer 
concentration may be obtained from the intercepts of such plots as 
are given in Figs. 6 and 7 and represent the solvolysis of the sub- 
strate by hydrogen- and hydroxyl-ion catalysts (Eqs. 2 and 3). 


Log k-pH Profile-The log kl-pH profiles for the solvolytic 
deaminations of cytosine and cytidine at zero buffer concentrations 
are given in Figs. 8 and 9. The rate constants for cytosine and cyti- 


1 I , 1 


2 4 6 8 10 12 
102 [HAc] 


Figure 6-Plots of apparent Jirst-order rate constants for M 
cytidine in various concentrations of acef ic acid-acetic buffer systems 
at constant pH and ionic strength against the acetic acid concentru- 
tions. 


8 In personal correspondence, Dr. Notari has assured us that statis- 
tical treatment of many recently repeated studies in his laboratories 
reconfirm his prior observations of pronounced catalysis of cytidine 
deamination by acetate ion. 
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Table IV-Catalytic Constantsa for Acetate (HAc-Ac-) and 
Carbonate (HC03--COa-*) Buffers in Deaminations of Cytosine 
and Cytidine at 80". "i 


Cytosine 5.905 1.7b 0.0 5 . 3 5  
Cytidine 15.lC 0 . W  0.0 322 


a Determined from slopes of the plots of the apparent first-order rate 
constants for deamination, k, against concentration of the ionic species 
of the buffers at a constant pH value. The several slopes of kA f kHa 
[ H + ] / K a  for k versus [A-] and kHA + ~ A & / [ H + ]  fork uersus [HA] and 
the knowledge of the dissociation constant K,  and the hydrogen con- 
centration [H+] permits the estimation of kA and kaA vahes. b Data at 
70" from Notari et al. (14) were kHAo = 1.5 X lo-' and kae- = 0.83 
X 10-7. c Data at  70" from Notari et al. (14) were kHAo = 3.19 X 10-7 
and !fae- = 7.3 X 10-7. 


dine (pK'a values in the range 3.7-3.9 at 80") are practically in- 
dependent of pH at pH values below 3 where both compounds are 
completely protonated. This was qualitatively observed by Shapiro 
and Klein ( 1  I), who attributed it to the fact that water attack on the 
protonated species was the sole rate-determining step (11, 12). 
This implies that hydrogen-ion-catalyzed solvolysis of the proton- 
ated species is negligible. An alternative explanation is the kinetic 
equivalent of hydrogen-ion attack on the neutral substrate where 
the protonated species is stable with respect to deamination. 


The decrease of kl with increasing pH between pH 2.5 and 6 
can be explained by the reduction of the fraction of the protonated 
species attacked by neutral solvent molecules. 


The apparent first-order rate constants of cytosine and cytidine 
deamination again become pH independent between pH 5 and 9 
and indicate either water attack on the neutral species or its kinetic 
equivalent, hydroxyl-ion attack on the protonated species. Therefore, 
the log k-pH profiles of cytosine and cytidine at 80" were fitted by 
(23-25): 


ki = ~ H ~ c + X . H ~ O  + ~ B c ~ ; I ~ o  (Eq. 4) 


where k a , ~  and kz2o are the apparent first-order rate constants for 
water attack on the protonated and neutral species, respectively, 
and are given in Table VI. Also: 


~ H ~ c +  = [H+lM[H+l + j L ' )  (Eq. 5) 


is the fraction ofthe protonated species, and: 


~ H C  = fL/([H+l + &,'I (Eq. 6) 


is the fraction of the neutral species in solution. 
The kinetic pK'al values (Table VI) were calculated from the log 


k-pH profile data at 80". The pK'al values of cytosine were deter- 
mined also by the half-neutralization technique and were 4.55 [lit. 
(21) 4.451 at room temperature and 3.7 at 80". The pK'al ofcytidine 
was 4.15 [lit. (22) 4.141 at room temperature and 3.61 at 80". These 


2 4 6 8 10 12 
1 0 2  [NaKOa] 


Figure 7-Plots of apparent first-order rate constants for I F 4  M 
cytosine in various concentrations of carbonate-bicarbonate buffer 
systems at constant pH and ionic strength against the carbonate-ion 
concent rations. 


lo  12 2 4 6 8 
PH 


Figure 8-Log kl-pH profiles for the deamination of cytosine at 
several temperatures, where kl is the apparent first-order rate constant 
for  deamination to uracil. The solidpoints a1 70" are those of Notari 
et al. (14) .  


80" values agreed well with the kinetic pK'al values for both cyto- 
sine and cytidine (Table VI). 


This pK'a, value at 80" and the experimentally determined pH- 
independent kl values in the pH ranges 0--3 and 6-8 were used to 
calculate the log k-pH profiles for cytosine and cytidine at several 


Table V-Apparent First-Order Rate Constants at Zero Buffer Concentration, ka, in set.-', for the Hydrolytic Degradation of 
Cytosine and Cytidine 


Buffer 


," -- Cytosine -Cytidine 
70.0" 80.0" 85.0" 90.0" 70.0" 80.0" 85.0" 90.0" PH 


Acetate 


Phosphate 


Borate 
Carbonate 


3 . 8 1  - 
3.60 - 
4.58 - 
5.20 - 
6.53 2.10 
7.48 2.11 
8 .18  - 
9.05 - 
9.50 - 


16.9 
- 
9.80 
6.80 
6.08 
6.79 
6.08 
7 . 5  
8 . 8  


- 49.5 - 
- - 90.7 
- 18.0 - 
- 7.60 - 


2.73 7.50 21.9 
2.61 7.39 21.2 
7.60 - 15.4 


- - 10. 6b 
- 5 8 . W  - 


Obtained from extrapolation to zero buffer concentration of the linear plots of apparent first-order rate constant fix nucleoside degradation 
against the concentration of a buffer species. The apparent rate constant for the uridine intermediate degradation under these conditions was 1.0 X 
10-8 sec.-1. = 52.0 X. 10-8 sm-1 to uracil, and ki '  = 6.0 X 
sec.-l to nonchromophoric products. The apparent rate constant for the uridine intermediate degradation under these conditions was 36.0 X 
sec.-l. 


This overall rate constant for cytidine degradation can be broken down to 
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Figure 9-Log kl-pH profiles for the denmination o/' cytidiire at 
seoeral temperatures, where k, is the apparent first-order rate constant 
for deamination to uridine. The solid points at 70 and 80" are those a/' 
Notari et al. (14 ) .  


other temperatures in the pH range &8 (Figs. 8 and 9). The buffer- 
independent rate constant data of Notari et ul. (14) in the pH range 
4-8, extrapolated from dearnination rate constant studies in buffer 
solutions t o  zero buffer concentrations, are plotted in Fig. 8 for 
cytosine deamination at  70" and in Fig. 10 for cytidine deamination 
at  70 and 80". The data of Notari et ul. (14) for that pH range 
segment are in agreement with the complete log k-pH profiles given 
for cytidine (Fig. 9). However, their data for cytosine deamination 
in this pH range segment are not consistent with the constructed 
profile for cytosine deamination at  70" (Fig. 8). A pK'al of approxi- 
mately 5.0 would have to be postulated for the 70" cytosine deamina- 
tion data t o  rationalize this discrepancy. 


The deaminat ion rates characterized by the determined rate con- 
stants k, for both cytosine and cytidine above pH 9 are catalyzed by 
hydroxyl ions (Figs. 8 and 9). A linear increase of log k ,  with increas- 


10 -', 


1 0 - 8  
9 10 11 12 


PH 


Figure 10-Log k?-pH profiles for the solcolysis of the first product 
of' cytidirre degradutioii at secerul temperutrtres, where kz is assigned 
to the uppurelit first-order rare cotistun( ./or rrridirie solaolysis. The 
dashed line at 80" is hnsrd 011 the duta of Garrett and Yakafun (8)  
for uridine soluolysis. 


ing pH at a slope close t o  unity indicated a specific hydroxyl-ion- 
catalyzed reaction. The profiles of cytosine bend over at  high pH 
values and indicate that a second acid dissociation constant, K,,', 
influences the rate of the reaction. The apparent first-order rate 
constant for cytosine deamination in alkaline solution may be 
formulated ( 1,23-25) as : 


ki = k-oii  [ O H ] . ~ H C  4- k o ~ ' [ O H l h .  + k;ilof,lc (Eq. 7) 


where /,ic is the fraction of uncharged species andfc- is the fraction 
of the nucleoside as the anion in the solution. Thus (1, 23-25): 


The log k-pH profiles ofcytosine between pH 8 and 12 were fitted by 
assuming that: 


since hic is approximately unity when k ; ! , ~  makes any significant 
contribution to  the overall rate constant, k l ,  for deamination. 
The bending over of the profiles indicates that the second terms 
of Eqs. 7 and 8 for hydroxide-ion attack on the nucleoside anions 
were nonexistent. The ~ O I I  and KO?' were determined from the best 


Table VI-Microscopic Rate Constantsa for the Degradation of Cytosine and Cytidine 


Cytosine 70.0" 8 .50  2.10 4 .98  
80.0" 24 .0  6.10 70 .0  
85.0' 39 .0  9.40 167 
90.0" 65 .0  15.5 469 


. .- 1 1 . 9  
3 9@, 3.7c 1 1  .ob 


._ 10.8* 


._ 19.Sb 


- -. Cytidine 70 .0"  39.0 2 . 6 0  66.7  16.7 8 .25  
45 .5  21 .6  3.66O, 3 .  61r -_  


-. -_ 
80.0" 106 7 .40  188 
85 .0" 170 13.6 283 61.1 35 .6  


-. - _  90.0" 260 21 .5  445 123 56.1 


a Based on the kinetic expression for the overall apparent first-ordcr rate constant for the degradation of cytidine: k = k l w f H d . *  + krirofiic 4- 
( ( k o ~ ) ~  + ( ~ ~ H ' ) ~ J [ O H - ] / ~ I C .  where is the bimolecular rate constant for hydroxide-ion-catalyzed deamiiintion of the iieumd species and (korl ') ,  
is for hydroxide-]on-catalyzed cleavage of the cytosine ring. In  the case,of cytosine, (koii')I = 0. The .ft,i2cf := [H ',]/([H '1 + K a 1 ' )  is the fraction of 
the cytidine and cytosine of pKal' which is protonated, fnc = + [H-1) i n  the  pH range 0--10 IS the frachoii of pK'e l  which is uncharged, 
andfHC = [H+]/(K.,' + [H']) at pH values >11 for the fraction of cytosine which is undissociatcd and has a pK a? whcrc the cytosine anion is not 
susceptible to hydroxide-ion-catalyzed degradation. The (kon)2 is the specific catalytic constant for hydroxide-ion-catalyzcd hydrolysis of the uridine 
product of cytidine deamination. Determined from the fitting of the log k-pH data. 
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Determined at 80" as the pH of half-neutralizatioii. 







I I 


2.7 2.8 2.9 


103 f 
Figure 11-Arrltenius plots for apparent first-order rate constants for 
the dearninatiori of cytosine at several p H  values. 


fittings of the log k-pH curves and are listed in Table VI. There was 
no significant degradation of cytosine other than through the uracil 
intermediate. Thus, k,’ = 0. The subsequent degradation of uracil 
in alkali was an extremely slow process (6) ,  and kz for cytosine was 
difficult to determine accurately. 


The log k-pH profiles for cytidine did not bend over at  high alka- 
linities and did not indicate the formation of a nucleoside anion. 
Thus, the overall rate constant for deamination, k,, could be char- 
acterized by k l  = (ken [OH-] + kklo)fkc, so that a t  high alkalin- 
ities when kH,o is negligible andjec = 1 : 


(Eq. 10) 


The kon values determined from the application of Eq. 10 t o  the 
alkaline branch of the log k-pH profiles of Fig. 9 are given in Table 
VI. 


It was shown previously (8) that the solvolytic degradation of 
uridine in alkaline solution was specific hydroxide-ion-catalyzed 
attack on the monoanionic species. The fact that the log k-pH pro- 
file for uridine degradation bent over above pH 11.5 indicated a 
second acid dissociation constant of uridine, most likely in the sugar 
moiety, which produced a dianion resistant to hydroxide-ion attack. 
The log kz-pH profiles for different temperatures are plotted in 
Fig. 10 and are consistent with this prior observation. The literature 
data for uridine solvolysis (8) are also plotted in Fig. 10 and show 
that the evaluated kl for the postulated mechanism (Scheme 11) of 


log ki = pH - PKW + log k o ~  


i 1 0 - 5  ‘ \ pH 11.2 


10-8 I I 


2.7 2.8 2.9 


10’ ; 
Figure 12-Arrhenius plots.for apparent first-order rate constants .for 
the deamination of cytidine at sereral pH rallies. 


cytidine degradation is consistent with dearnination t o  uridine, with 
its subsequent alkaline degradation. 


The kl’ value for cytidine was determined with less accuracy. 
However, the log kl’-pH profiles at  different temperatures could 
still be constructed and indicate a specific: hydroxyl-ion-catalyzed 
degradation of cytidine to  nonchromophoIic products, k,’ = koa’ 
[OH-], occurring in parallel with its specific hydroxyl-ion-catalyzed 
deamination t o  uridine, k ,  = koH [OH-]. 


Rate Dependency on Temperature-Arrhenius parameters for the 
solvolysis of cytosine and cytidine can be obtained from the slopes 
and intercepts of plots (Figs. 11 and 12) of log k ,  uersus 1/T accord- 
ing to  the expression: 


log k = log P - (Ea/2. 303R)llir (Eq. 11) 


where E,  is the activation energy, P is the frequency factor, and R is 
1.987 cal. deg.-l mole-’. 


For cytosine, the energies of activation at the several pH values 
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Iv 
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were (kcal./mole, pH): 12.7, 1.0; 12.2, 7.0; and 23.2, 9.8. For cyti- 
dine, they were: 11.8,2.0; 13.0,7.0; and 17.7,ll.O. 


Possible Mechanisms for Solvolytic Transformations of Cytosine 
and Cytidine-Shapiro and Klein (11)  stated that there are two 
possible mechanistic explanations for the specific hydrogen-ion 
and general acid-base-catalyzed deamination of the cytosine de- 
rivatives, I in Scheme 111. The one mechanism was analogous to  
classical amide hydrolysis, wherein water attack on the protonated 
(in the 3-position) cytosine moiety, 11, could be enhanced by general 
base attack on water to give hydroxyl-ion attack on the protonated 
species at the 4-position with subsequent loss of ammonia. The 
proposed alternative method of partial saturation at the 5-6-posi- 
tion, IV, of the ring of the protonated cytosine by the nucleophilic 
addition of the buffer anion with subsequent deamination by water 
attack (IV -+ V -, VII) and subsequent loss of the acid conjugate 
of the buffer anion to  give a uracil derivative, VIII, was preferred. 
This mechanism was considered to be more consistent with the 
information in the literature showing that hydrolytic deamination 
was facilitated when cytosine derivatives were saturated in the 5-6- 
position. Notari (12) and Notari et al. (13, 14) also preferred this 
latter explanation, initially (12) with the additional restriction that 
the base or anion that attacks the 6-position, 111 -+ IV, following the 
initial protonation at the 3-position, I -+ 11, must have a donatable 
proton which can saturate the 5-position and promote the nucleo- 
philic attack of water on the positively charged 4-position leading 
to the loss of ammonium ion and a resultant 5-6-saturated uracil, 
VII, which can readily form a uracil derivative, VIII, by the elimina- 
tion of the original attacking anion. This latter explanation was 
based on the assumption that only negatively charged di- or n-poly- 
protic acids were proper catalytic species when they still contained a 
donatable proton. Our data, demonstrating that the significant 
catalytic species in carbonate buffer is carbonate ion (Fig. 7 and 
Tables 111 and IV), are not consistent with this hypothesis. 


This restriction that the general base catalyst must have a donat- 
able proton was apparently withdrawn since Notari et al. (13, 14) 
admitted acetate buffer-catalyzed deamination of cytosine deriva- 
tives in subsequent papers. Both acetate ions and acetic acid were 
presumed to  be implicated in the catalytic deamination of cytidine 
and cytosine, but only the acetic acid species in the buffer was pre- 
sumed to deaminate catalytically cytosine arabinoside. The preci- 
sion of the data in this paper (Fig. 6 and Tables I and IV) does not 


I V  


permit the presumption that acetate ion is a significant catalytic 
species in acetate buffers for deamination of cytidineg. 


The recent proof (15-19) of the reversible bisulfite addition to the 
5,ddouble bond of cytosine in its derivatives with subsequent ready 
deamination of the adduct is potent evidence for the postulated 
steps of Scheme 111. 


The HOR attack on 111 in Scheme 111 includes the sterically fa- 
vored intramolecular attack of the 2'-hydroxyl from the sugar moiety 
of cytosine arabinoside, which was postulated by Notari el d. (13, 
14) to  rationalize the enhanced deamination rate of this compound 
in contrast to cytidine and cytosine. 


If water attack on the protonated species or decomposition of a 
subsequent adduct is rate determining in the process 11 + 111 -, 
VI -, V -., VII -+ VIII, this rationalizes the rate constant ~ H ~ O  in 
Eq. 4. The rate-determining hydroxide-ion attack on the protonated 
species or decomposition of a subsequent adduct in the process 
111 -+ IV -+ V -+ VII -+ VIII is kinetically equivalent t o  water attack 
on the protonated molecule, I, and rationalizes the rate constant 
kLZO in Eq. 4, where the specific ion catalytic rate constant for 
hydroxide-ion attack on the protonated cytosine derivative is: 


koa" = kH20 KJK, (Eq. 12) 


General acid-base catalyses can be rationalized either by accept- 
ing the premise that the general acids or bases add to  the 5,6-double 
bond t o  form an intermediate (as in steps I11 -+ IV -+ V or I11 -P 


VI -+ V )  which more readily undergoes deamination (V -+ VII) or 
that they favor the hydrated form at intermediate pH values. 


At higher alkalinities (Figs. 8 and 9 and Tables 1-111 and VI), 
there is a significant hydroxide-ion-catalyzed deamination of the 
uncharged cytosine derivative. This can be formulated (Scheme IV) 
as a direct hydroxide-ion attack on the 4-carbon of the cytosine 
moiety (I -+ IX + X) in analogy with the classical mechanism for 
amide solvolysis (22). An alternative process can be formulated 
(Scheme IV) wherein the initial hydroxide attack (I -t XI) is at the 
6-position in cytosine. This leads to an activated complex (XI1 or 


VHowever, we are willing to accept Dr. Notari's confidence in his 
data, which he intends to publish, that acetate ion is such a catalytic 
species. 
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XIII) similar to IX of the classical mechanism except for saturation 
of the 5,6-bond, but it may be favored since 6-position attack by 
hydroxide ions on uracils and pyrimidine nucleosides is well docu- 
mented (4, 6, 8). The resultant active intermediate (IX or XII) may 
deaminate (XI1 -. XIII -+ XIV + X or IX + X) to  give a uracil 
derivative, X, or the cytosine ring may open to  give a nonchromo- 
phoric compound, IX or XI1 ---* XI. The subsequent deamination 
and/or decarboxylation of this acyclic product makes this pathway 
irreversible. These postulated mechanisms of Scheme IV readily 
explain the parallel deamination of cytidine to uridine and its direct 
loss to a nonchromophoric product in agreement with Scheme 11. 
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Drug Absorption VI: Water Flux and Drug 
Absorption in an In Situ Rat Gut Preparation 


S. KOJIMA, R. B. SMITH, W. G. CROUTHAMEL, and J. T. DOLUISIO’ 


Abstract 0 The influence of net water transfer on drug absorption 
occurring in an in situ rat intestinal preparation was studied using 
hypotonic, hypertonic, and isotonic intestinal lumenal solutions 
composed of sodium phosphate and sodium chloride. It was found 
that the tonicity of the lumenal solution tended to change to a 
slightly hypertonic value when the initial solutions were isotonic or 
hypertonic and to isotonicity when the lurnenal solution was initially 
hypotonic. Net water flux occurred from hypotonic solutions and 
into hypertonic solution. Water loss from isotonic solutions ranged 
between 7 and 1 7 z  in 3.0 hr. The results indicated that the in- 
testinal water loss or gain which occurred with the different tonicity 


solutions altered the apparent rate constant for sulfaethidole ab- 
sorption. It was found that the changes could be accounted for by 
correcting the rate constant for volume and relative available sur- 
face area and that when this was done there were no differences 
between permeability constants for sulfarthidole from the iso- 
and hypotonic solutions for absorption. However, the hypertonic 
solution had a reduced permeability constant. 


Keyphrases 0 Drug absorption-effect of tonicity and net water 
transfer, in situ rat intestine 0 Intestinal alxorption, in situ, rat- 
effect of tonicity and net water transfer 


In situ rat gut techniques, based on a simple surgical 
operation and measurement of drug disappearance from 
the gut perfusion solution, are often used in studies 
of drug absorption. A single perfusion method (l), a 
recirculation method (2), and the method of Doluisio 
et al. (3) are examples of in situ gut techniques that have 
been used by various workers to  study the dynamics 
of the drug absorption process. One problem common 


to all these methods is the loss of water that occurs 
during experimentation. In our laboratories, we at- 
tempted to  minimize this factor by limiting experimenta- 
tion to less than 40 min. ; this time is adequate for drugs 
that are absorbed rapidly, but it is not adequate for 
drugs that are absorbed slowly. Hayton (4) conducted 
in situ experiments for longer periods and compensated 
for water loss by periodically adding solvent (isotonic 
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Determination of Mycophenolic Acid and Its 
Glucuronide Metabolite in Plasma 


R. J. BOPP, R.  E. SCHIRMER., and D. B. MEYERS 


logical samples including spinal fluid, urine, tissue, and 
tissue culture media; other substances present in these 
samples do not interfere with assay. The fluoro- 
metric method has the advantage being faster and is, 
therefore. better suited to  handling large numbers of 


Abstract 0 GLC and fluorometric procedures were developed for 
the determination of mycophenolic acid and its principal metabolite, 
mycophenolic acid glucuronide, in plasma. The GLC procedure con- 
sists of extraction of the compound, silylation with trimethylsilylim- 
idazole in carbon disulfide. and chromatograDhv of thesamule on a 
2% methylphenylsilicone fluid column at 27O0.The silyl derivative 
of lithocholic acid is used as an  internal standard. The fluorescence 
procedure consists of an extraction followed by measbrement of 
the fluorescence of the comuound in uH 10.0 buffer. with an  excita- 


samples. The GLC method, on the ither-hand, had the 
advantage of being less susceptible to interference from 
Other compounds. 


tion wavelength of 350 nm. and an emission wavelength of 438 
nm. The accuracy of both procedures is better than 10%. 


Key phrases Mycophenolic acid and glucuronide-GLC and 
fluorometric analyses, human plasma IJ GLC-analysis, myco- 
phenolic acid and glucuronide in plasma Spectrophotofluo- 
rometry-analysis, mycophenolic acid and glucuronide in plasma 


Mycophenolic acid (I) is an antibiotic isolated from 


CH i 


CHI OH 
I 


penicillium cultures (1, 2) and reported to  have anti- 
bacterial and antifungal activity (3, 4) as well as anti- 
viral and antitumor activity (5-9). Methods for identify- 
ing mycophenolic acid by TLC (10) and for quantitating 
it by GLC (1 1) have been reported in the literature. The 
only methods reported for determining mycophenolic 
acid in biological samples have been turbidimetric 
microbiological assays (3, 12-14). There are two major 
drawbacks to  the microbiological assays: 


1 .  They do  not allow the relative amounts of myco- 
phenolic acid and its major metabolite, the 'phenolic 
glucuronide', to  be determined. 


2. Under actual clinical conditions, a patient typically 
receives several drugs in addition to the one being 
studied, and the effects of these other drugs and their 
metabolites on the precision and accuracy of a micro- 
biological assay are not easily assessed, nor can the 
assay result be corrected for such effects if they are 
found to be significant. 


For these reasons, more direct analytical procedures 
have been developed for mycophenolic acid and its 
glucuronide in biological samples. 


This paper reports both a fluorometric and a GLC 
procedure for the determination of mycophenolic acid 
in  human plasma. Both procedures have been used to 
analyze for mycophenolic acid in other types of bio- 


The metabolism of mycophenolic acid has been studied by M .  J. 
Swreney. D. H. Hoffman, and M .  A. Esterman of the Lilly Research 
Laboratories. 


EXPERIMENTAL 


GLC Procedure-Reage/zts-The following were used: 
1. Trimethylsilylimidazole-50 pl. of trimethylsilylimidazole2 


dissolved in 1 ml. of carbon disulfide (analytical reagent). This solu- 
tion must be prepared fresh daily and should be kept protected from 
moisture and air. 


2. P-Glucuronidase-used as supplied3. 
3. Lithocholic acid standard solution- 30 mcg./ml. in dichloro- 


4. Sodium mycophenolate standard solution-20 mcg./ml. in 


5. Acetate buffer, pH 5 . M . 2  M. 
6. Borate buffer, pH 10.0-0.5 M. 
Conditions-A gas chromatograph' equipped with a flame-ioni- 


zation detector was used for the analysis. The column was a 1.2-m. 
(4-ft.) glass U-tube (3-mm. i.d.) packed with 2 methylphenylsili- 
cone fluid (OV-17) on 80-10@mesh diatomite (high performance 
Chromosorb G) and was operated isothermally at  270" with helium 
for the carrier gas. The flash heater was operated a t  310" and the 
flame detector was operated at  300". The retention time of myco- 
phenolic acid silyl derivative was 4.8 min., and the retention time of 
the lithocholic acid silyl derivative was 8.2 min. under these condi- 
tions. A typical chromatogram is presented in Fig. 1.  


Standard Preparatiori-Place 0.0, 0.10, 0.30, 0.60, 1.00, and 1.50 
ml. of sodium mycophenolate standard solution in six 15-ml. 
screw-cap centrifuge tubes. In the assay for total drug, 0.1 ml. of 
blank plasma and 0.9 ml. of normal saline are added to  each tube; 
for free drug, 1 .O ml. of blank plasma is added to each. 


Sample Preparatio/i-A 1 .O-ml. sample of undiluted plasma is 
used in the analysis for free mycophenolic acid, while a 1.0-ml. 
aliquot of plasma that has been diluted 1 : 10 with normal saline is 
used in the analysis for total mycophenolic acid. 


All glassware used in handling the standards and samples should 
be cleaned with chromate cleaning solution and siliconized with a 
1 %solution of dimethyldichlorosilane in toluene. 


Procedure .for Total Mycopheriolic Acid--The samples and stan- 
dards are adjusted to pH 5.0 with acetate btiffer, and 5220 units of  
8-glucuronidase are added t o  each3. The samples are incubated at 
37" for at  least 1 hr. and may be incubated overnight if convenient. 
More than 90% of the glucuronide is hydrolyzed within 10 min. 
under these conditions. 


Add 1 .O ml. of lithocholic acid standard solution and 9.0 ml. of 
dichloroethane to  each tube, shake for 15 min., and centrifuge to 
separate the phases. Discard the aqueous layer and transfer the 
dichloroethane layer t o  a 20-ml. centrifuge tube. Add 8 ml. of 0.1 M 
sodium hydroxide to each tube, and shake and centrifuge as before. 
Transfer the aqueous layer to another 20-ml. centrifuge tube, add 


ethane (analytical reagent). 


distilled water. 


2 Pierce Chemical Co. 
3 Glusulase (Endo Laboratories, 174,000 units glucuronidase/ml.). 


Ketodase (5000 uiuts glucurontdase/ml.) can be used In place of Glu- 
sulase in the fluorometric assay, but it contains an impurity which inter- 
feres in the GC analysis. 


4 F & M model 402. 
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Figure 1-Gu-liquid chromatogrum of triniethylsilylated myco- 
phenolic acid (A) and trimethylsilylated lithocholic acid ( B ) .  See text 
for conditions. 


1.0 ml. of 1 M hlydrochloric acid, mix, and let stand for 10 min. 
Extract with 10 nil. of spectroquality chloroform, transfer the chlo- 
roform layer to a 15-ml. screw-cap centrifuge tube, and evaporate to 
dryness. Rinse the sides of the tube once with 0.5 ml. of chloroform 
and evaporate to  dryness again. Add 40 pl. of trimethylsilylimidaz- 
ole-carbon disulfide reagent to each sample, mix, and inject ap- 
proximately 3 pl. onto thhe GLC column. 


Procrduw for Free Mycophetrolic Acid-The procedure for free 
mycophenolic acid is the same as for total mycophenolic acid except 
that the incubation with 8-glucuronidase is deleted. 


Precisio/i crud Accuracy-The precision and accuracy of the GLC 
procedure were idetermined by analyzing plasma samples spiked 
with known amounts of mycophenolic acid. The results are sum- 
marized i n  Table 1. 


Spectrophotofluorometric Procedurd-Reagents-The following 
were used : 


1. 0.05 M FeCI, solution-8.1 g. of ferric chloride dissolved in 1 I. 
of distilled water. The p!H of this solution should be 2.0 or lower and 
may be adjusted Iwith hydrochloric acid if necessary. 


All fluorometric measurements were made on an Aminco-Bowman 
spectrophotofluorometer equipped with a Hanovia 901C-11 high pres- 
sure xenon lamp and an R-136 photomultiplier tube. 


Table I-Precision and Accuracy of the GLC Procedure for 
Free Mycophenolic Acid 


Nominal Number of Relative 
Concentration, Samples Standard 


mcg./ml. Analyzed Deviation, Error, 
Relative 


5 
10 
15 


14 
5 
5 


~ 


2 
5 


10 


-4 
+3  


+lo 


2. 6-Glucoronidase, pH 5.0 acetate buffer, and pH 10.0 borate 
buffer-used or prepared as described in the GLC procedure. 


3. Sodium mycophenolate standard solutions-standard solu- 
tions of 10 and 40 rncg./ml. nominal concentration prepared in 
distilled water. 


Standard Preparatioti-The standards for the total mycophenolic 
acid assay are prepared by pipeting 1 .O ml. of blank plasma into each 
of six 50-ml. centrifuge tubes and pipeting 1.0, 0.75, 0.50, 0.25, and 
0.125 ml. of the 40-mcg./ml. standard solution into tubes 1 through 
5, respectively. The sample in tube 6 serves as the blank. The stan- 
dards for free mycophenolic acid assay are prepared in the same 
manner except that the 10-mcg./ml. sodium mycophenolate stan- 
dard solution is substituted for the 40-mcg./ml. solution. 


Samples-One (1.0) milliliter of plasma is required to assay for 
free mycophenolic acid, and another 1.0-ml. sample is required to 
analyze for total mycophenolic acid. 


Procedure for Total Mycoplienolic Acid-Add 2.0 ml. of pH 5.0 
acetate buffer and 5220 units 0-glucuronidase to each sample and 
standard. Incubate for at  least 1 hr. at  37" and extract with 10 ml. 
of dichloroethane. Discard the aqueous phase and wash the di- 
chloroethane with 2.0 ml. of ferric chloride reagent. Discard the 
aqueous layer and transfer 5.0 ml. of the dichloroethane solution 
to  a 20-ml. screw-cap centrifuge tube containing 10 ml. of the pH 10 
borate buffer. Extract and measure the fluorescence of the aqueous 
phase with the excitation wavelength set at 350 nm. and the emission 
wavelength set at  438 nm. A typical fluorescence spectrum is shown 
in Fig. 2. 


Procedure for Free Mycophenolic Acid-The procedure for free 
mycophenolic acid is the same as for total mycophenolic acid except 
that the addition of 8-glucuronidase and the incubation at  37" are 
deleted. 


Precision and Accuracy-The precision and accuracy of the pro- 
cedure were determined in two concentration ranges. In the low 
range, 10 spiked plasma samples containing from 0.41 to 4.10 
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Figure 2-Fluorescence spectrum of an 8-mcg.lml. solution of myco- 
phenolic acid in p H  10 borate buffer USP. 
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Table II-Hydrolysis of Mycophenolic Acid Glucuronide Table III-Efficiency of the Extractions 


----Percent Glucuronide Hydrolyzed after :- 
2 hr. 4hr. 6 hr. 18, hr. 24 hr. Extract from Extract into Recovery 
with- with- with- with- with- 


Percent 


1 hr. with out out out out out 2 .0  ml. of: 
Glucu- En- En- En- En- En- pH 4 . 0  10 ml. of 100.0 


pH 6 . 0  94.5 
1 . 2  0 . 9  1 . 8  0.6 0.9 0 . 7  0 . 6  pH 7 . 0  90.0 


pH ronidase zyme zyme zyme zyme zyme pH 5.0 dichloroethane 98.0 


5.0 97.8 0 .7  0 . 4  0 . 4  0 . 4  0 . 3  10 ml. of: 
6.0 103.2 0 .7  0.4 0.4 0 . 4  0.5 5.0 ml. of pH 7.0 23.4 
7.0 101.3 0 .6  0.5 0 . 4  0 . 4  0 . 4  dichloroethane p H  8.0 58.2 
8.0 101.3 2.9 0 .4  0 . 4  0 . 4  0 . 4  pH 9.0 88.7 


10.0 1 . 4  0 .6  0.5 0 . 4  0 . 4  0 . 4  pH 10.0 91.6 


mcg./ml. mycophenolic acid were analyzed using a calibration curve 
covering the concentration range 0.0-1 .O mcg.jml. in 0.2-mcg./ml. 
increments. In the high concentration range, 10 spiked plasma sam- 
ples in the 4.10-103.0-mcg./ml. range were analyzed using a cali- 
bration curve as described for total mycophenolic acid assay. If 
the fluorescence intensity of a sample was off-scale, a dilution with 
pH 10.0 buffer was made immediately and the intensity was mea- 
sured again, as is done with clinical samples when necessary. Sample 
concentrations outside the calibration curve were intentionally used 
in this study in order t o  include the dilution errors that would be 
present in clinical samples in these estimates of the precision and 
accuracy. The lower concentration range gave a relative standard 
deviation of &20% with a relative error of -3.1 %, while the higher 
concentration range gave a relative standard deviation of =t 18 
and a relative error of +9 %. 


Hydrolysis of Mycophenolic Acid Gkrcuronide-A preliminary 
study of enzymatic hydrolysis of the phenolic glucuronide of myco- 
phenolicacid was performedby carrying aliquotsof a plasma sample 
through the fluorometric procedure but varying the time of incuba- 
tion with glucuronidase from 10 min. t o  overnight (16 hr.). Ap- 
proximately 91 of the glucuronide was hydrolyzed within 10 min. 
and 100% within 30 min. A I-hr. incubation with glucuronidase was 
selected for routine use to  ensure complete hydrolysis in all cases. 
This study also demonstrated that the incubation could be carried 
out overnight if necessary without affecting the accuracy of theassay. 


A second study was carried out to determine the effect of pH on 
the hydrolysis of the glucuronide both in the presence and absence 
of glucuronidase. Solutions containing 40.0 mcg./ml. of mycopheno- 
lic acid glucuronide were incubated at  several pH’s and analyzed at  
several different times using the fluorometric procedure. The results 
are presented in Table 11. No significant hydrolysis occurred in the 
absence of enzyme over the 1.0-10.0 pH range and over periods of 
at  least 24 hr. In the presence of enzyme, the hydrolysis was com- 
plete within 1 hr. at  p H s  between 5.0 and 8.0, but the rate of hy- 
drolysis decreased very rapidly outside of this range. 


Estructiorr Effieiericy-Standard solutions of mycophenolic acid 
were prepared in dichloroethane and in 0.2 Macetate and phosphate 
buffers at  pH’s of 4.0, 5.0, 6.0, and 7.0. Samples (2.0-ml.) of the 
aqueous standards were extracted with 10 ml. of dichloroethane, and 
the amount of drug extracted was determined by measuring the UV 
absorbance of the dichloroethane fractions and standard solution 
at  303 nm. The results are recorded in Table 111. 


Aliquots (5.0 ml.) of the standard solution in dichloroethane were 
then extracted with 10.0-ml. aliquots of 0.2 M phosphate buffer at  
pH 7.0 or 8.0 or with 10.0-ml. aliquots of 0.5 M borate buffer at  pH 
9.0 or 40.0. A 5.0-ml. aliquot of the aqueous phase was transferred 
by pipet t o  a 10.0-ml. volumetric flask and diluted to  volume with 
0.1 M sodium hydroxide. The amount of mycophenolic acid ex- 
tracted was then determined by measuring the UV absorbance of the 
diluted samples at 342 nm. against standards prepared in 0.1 M 
sodium hydroxide. The results of these studies are also included in 
Table 111. 


DISCUSSION 


Both free mycophenolic acid and the total of free mycophenolic 
acid and mycophenolic acid glucuronide are determined by the 
procedures presented in this paper. Free mycophenolic acid is 
initially separated from the glucuronide in the dichloroethane ex- 
traction. Additional specificity is obtained because the glucuronide 


does not chromatograph the same as the free acid and is only about 
3% as fluorescent as the mycophenolate anion. There is no mea- 
surable hydrolysis of the glucurodide to the free acid under any of 
the conditions used in this assay except in the presence of glucu- 
ronidase. 


The glucuronide is the only significant metabolite of mycopheno- 
lic acid in man, so total mycoyhenolic acid is determined by cleaving 
the glucuronide enzymatically and then following the procedure for 
free mycophenolic acid. The enzymatic cleavage Has been shown to  
be rapid and complete. 


The fluorometric procedure is not as specific as the GLC proce- 
dure, and some caution must be exercised in using it. In particular, 
other fluorescent phenolic compounds are potential interferences. 
The ferric chloride backwash was introduced into the assay proce- 
dure to remove salicylates which were found to be common inter- 
ferences in clinical samples. While mycophenolic acid has been 
reported to form a complex with the ferric ion (15, 16), there is no 
loss of the compound in the backwash step, as was determined by 
carrying standard samples through the procedure with and without 
the backwash step and comparing the results. The presence of in- 
terfering compounds can usually be detected by changes in the posi- 
tion or shape of the fluorescence excitation and emission spectra. 


Another disadvantage of the fluorescence procedure is that the 
fluorescence intensity must be measured within 30 min. of extracting 
the drug into the pH 10 buffer. Losses in fluorescence intensity of 
10% or more may occur after that time. These losses may be as- 
sociated with partial opening of the lactone ring (15, 16), but this 
point has not been investigated. 


Analysis of samples by both the fluorescence and GLC proce- 
dures has been shown to  give the same results within experimental 
error; this is expected as the relative errors already presented are 
very similar for the two methods. The trend seen in the relative error 
as a function of sample concentration is probably not due to any 
systematic error in the detection step of the assay, because systematic 
errors would not be the same for methods as different as flame- 
ionization and fluorescellce detection. The nonlinear calibration can 
probably be attributed to incomplete extractions, so introducing 
multiple extractions at  the appropriate steps might improve the 
accuracy of the analysis if desired. Finally, it should be pointed out 
that the large relative standard deviation obtained for the fluoro- 
metric procedure contains a significant contribution from variations 
in the intensity cf light from the high pressure xenon lamp. The 
stability of this light source decreases with the age of the lamp, SO 
the relative standard deviation could be improved either by using a 
new lamp or by replacing the xenon lamp with another, more stable 
light source. With a stable light source, the relative standard devia- 
tion would probably be closer t o  10% than to the value reported 
here. 
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Chlorpromazine Metabolism V: Disposition of 
Free and Conjugated Metabolites in 
Blood Fractions of Schizophrenic Patients 


PUSHKAR N. KAUL', MAHARAJ K. TICKU, and MERVIN L. CLARK 


,Abstract 0 Disposition of the circulating levels of 10 chlorpro- 
mazine metabolites and their conjugates in the blood fractions of 
chronic schizophrenic patients was determined. The erythrocytes 
were found to sequester nearly 50% of the total blood concen- 
tration of the free metabolites, whereas the platelets contained 
only insignificant amounts. Of particular significance was the 
localization of the conjugated metabolites in the red cells. The 
implications of sequestration of the metabolites and their conjugates 
by the erythrocytes are discussed. 


Keyphrases 0 Chlorpromazine metabolism-disposition of free 
and conjugated metabolites in blood fractions of schizophrenic 
patients 0 Erythrocyte sequestration-disposition of free and 
conjugated metabolites of chlorpromazine in blood of schizophrenic 
patients 0 Blood distribution, erythrocyte sequestration-chlor- 
promazine metabolites, schizophrenic patients 0 Schizophrenics' 
chlorpromazine blood distribution-disposition of free and 
conjugated metabolites, erythrocyte sequestration 


Although metabolism of chlorpromazine has been 
studied extensively in  the past decade (1-5), very little 
is known about the disposition of the drug and/or its 
metabolites in  the blood. Only recently has it been 
possible to determine the blood levels of a majority of 
the metabolites (6). Earlier failures in  consistently 
quantitating the circulating levels of the metabolites 
have been, at least in  part, due to nonavailability of 
sensitive and precise assay methodology. Another 
possible reason for such failures might have been that 
investigators used plasma or serum samples for mea- 
suring the blood levels, which would tend to be low if 
the blood cells sequestered the drug and its metabolites. 


For clinical studies correlating therapeutically avail- 
able levels of a drug (and/or its metabolites) with its 
administered dose, it is important to consider the total 
concentration in the whole blood rather than only in 
the plasma. Both the protein-bound and the free 
(nonprotein-bound) drug molecules present in the cells 
as well as the plasma usually exist in a steady-state 
equilibrium of the type proposed in Fig. 1. The extent 
of delivery of the therapeutically active molecules 
(drug and/or its metabolites) at  the biophase is depen- 
dent on the free plasma levels. The duration of this 
delivery, however, should be dependent not only on the 
free plasma levels but also on the bound plasma levels 
as well as on the free and bound concentrations localized 
in the blood cells. Therefore, to  study the contribution 
of the blood cells in monitoring the therapeutic avail- 
ability of a drug and/or its metabolites, a detailed dis- 
position of these molecules in the blood fractions is 
necessary. 


Huang and Ruskin (2) could not detect any chlor- 
promazine-like material in  erythrocytes of patients 
receiving chlorpromazine. Hammar and Holmsted (3) 
also failed to  detect any nonconjugated metabolites in 
the erythrocytes. Zingales (7), however, was the first to  
detect qualitatively the conjugated nonphenolic metabo- 
lites of chlorpromazine in the plasma and in erythrocyte 
washings and hemolysates, but to date no quantitative 
data have been reported. 


In previous studies dealing with the development of 
the dansylation assay (8) and its application to  blood (6), 
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Analysis of Scopolamine and Its Degradation 
Products by GLC and Liquid Partition Chromatography 


JOHN J. WINDHEUSER., JOHN L. SUTTER, and AWN1 SARRIF 


Abstract A procedure for the determination of aqueous solu- 
tions of scopolamine and its acidic and basic degradation products 
is given. Liquid-liquid partition chromatography is used to remove 
the compounds quantitatively from aqueous solution. After prep- 
aration of trimethylsilyl derivatives, the individual compounds are 
determined by dual-column, temperature-programmed GLC. The 
sensitivity and specificity of the method are such that traces of any 
of the compounds may be accurately determined in the presence of 
relatively large amounts of any or all of the others. 


Keyphrases 0 Scopolamine and degradation products-analysis, 
GLC and liquid-liquid partition chromatography 0 GLC- 
analysis, scopolamine and degradation products 0 Liquid-liquid 
partition chromatography-analysis, scopolamine and degradation 
products 


Scopolamine has been used therapeutically for almost 
150 years and has found wide application as an anti- 
cholinergic agent in the treatment of various con- 
ditions. 


Although studies of ester linkage cleavage and optical 
isomerism in the compound have indicated that deg- 
radation occurs in acidic and basic solutions, relatively 
little has been done to  investigate the kinetics of degra- 
dation. A review of the literature (1) indicates that 
scopolamine degradation proceeds by a multiplicity of 
routes as illustrated in Scheme I. 


It is apparent that aside from the isomerization reac- 
tion, the degradation products fall into two groups, with 
basic and acidic structures. The reactions and relative 
importance of each route of degradation appear to be 
governed by pH. To establish clearly the pH dependence 
of these reactions, a highly specific method of analysis, 
both for scopolamine and its degradation products, is 
required. 


The assay for scopolamine is classically done by 
extraction and titration of the basic nitrogen under 
aqueous or nonaqueous conditions. The latter procedure 
was used in USP XVII (2). Another method, which is 
specific only for the ester linkage, involves reaction 
with hydroxylamine (3). Similarly, UV spectrophotom- 
etry lacks the specificity to determine quantitatively 
mixtures of scopolamine hydrobromide and its degra- 
dation products. 


Recognizing that these approaches are highly non- 
specific, USP XVIII (4) introduced a procedure in- 


d,/-scopolamine 


scoDolamine - scoDoline + tropic acid 
11 H+,OH- 


. -  
HzO 


H+, OH- 
4 -Hz0 


aposcopolamine A scopoline + atropic acid 
HzO 


volving isothermal GLC following extraction from 
aqueous solution into methylene chloride. The proce- 
dure is based upon the method published by Zimmerer 
and Grady (5 ) .  


Although the USP XVIII method appears to be 
suitable for intact scopolamine and some of its deg- 
radation products, investigation has shown that it is 
not directly useful in studies where all degradation 
products must be quantitatively determined. 


This reports deals with a method that can successfully 
separate and quantitatively determine the drug and its 
degradation products. 


MATERIALS AND METHODS 


Reagents-All reagents were analytical grade unless otherwise 
noted. Scopolamine was recrystallized from water and acetone. 
Aposcopolamine was prepared from scopolamine according to the 
procedure of King (6). Tropic acid was recrystallized from benzene, 
and atropic acid was recrystallized from water and ethanol. Sco- 
poline was obtained from a commercial source1. 


Assay Solution-The assay solution consisted of scopolamine and 
potential degradation products dissolved in distilled water. 


Standard Solution-A solution in N,N-dimethylformamide, con- 
taining 3.75 mg./ml. of scopolamine hydrobromide and 1.25 mg./ml. 
of each of the degradation products, was used. 


Liquid-Liquid Partition Chromatography-Glass columns, 400 
x 15 mm., were equipped with Teflon stopcocks and glass wool 
plugs. The solid support was diatomaceous earth, acid washed2. 
The stationary phases were: acidic column, 0.15 N HzSO,; and 
basic column, pH 9.4 borate buffer (USP XVIII, p. 939). 


GLC3-The glass columns were 4 mm. X 2.4 m. (8 ft.), phenyl 
methyl silicone gum 1 % 4  on acid-base washed, silane-treated, 
flux-calcined diatomaceous earths, 80-100 mesh, conditioned at 
300" and treated with 50-pl. injections of column conditioner6 at 
250". 


The carrier gas was nitrogen at a flow rate of 70 ml./min. The 
injector temperature was 240", and the detector temperature was 
340". The temperature program was: isothermal at 100" for 13 
min., then lO"/min. rise up to  220", and then isothermal at 220" 
until elution of scopolamine was complete. 


ASSAY PROCEDURE 


Preliminary Extraction by Liquid-Liquid Partition Chromatog- 
raphy-Acidic Columjz-Mix 2.0 ml. of assay solution plus 3.0 ml. 
of 0.25 N HzSOa in a 150-ml. beaker; add 7.5 g. diatomaceous 
earth2 and mix thoroughly. Pack into a column containing ap- 
proximately 20 ml. water-saturated chloroform, adding the diato- 
maceous earth to  the column through a powder funnel in small 
increments and packing firmly with a glass tamping rod after each 
addition. After quantitative transfer of the diatomaceous earth 
to the column, place a small glass-wool plug on top of the column. 


1 Pfaltz and Bauer, Inc. 
2 Celite 545, Johns-Manville, New York, N. Y. 
3 A Barber-Coleman Series 5000 gas chromatograph, with dual 


flame-ionization detectors and temperature-programmable column 
oven, was used. 


4 OV-17, Anspec Co., Inc., Ann Arbor, Mich. 
6 Gas Chrom Q, Anspec Co., Inc., Ann Arbor, Mich. 
8 Silyl-8, Pierce Chemical Co., Rockford, 111. Scheme I 
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Table I-Analyses of Synthetic Mixture of Scopolamine and 
Its Degradation Products 


Assay ---- Percent Recovery- 
Solution, Sample Sample Sample Sample 


Compound mg./ml. I I1 I11 IV 


Scopoline 0.25 97.1 97.0 97.6 97.3 
Atropic acid 0.25 99.9 98 .0  97.0 98.0 
Tropic acid 0.25 102.4 101.4 101.9 102.1 
Aposcopolamine 0.25 102.0 101.0 100.8 102.0 
Scopolamine 0.75 99.9 97.8 97 .2  97.8 


Basic Column-Mix 2.0 ml. of assay solution plus 3.0 ml. of 
pH 9.4 borate buffer (USP XVlII, p. 939) in a 150-ml. beaker; add 
7.5 g. diatomaceous earth and mix thoroughly. Pack into a column 
containing approximately 20 ml. water-saturated chloroform-ether 
( 1  : I )  as in the acidic column. 


Elution of Acidic Column-First elute the column with 125 ml. of 
water-saturated chloroform, collecting the eluate at a rate of ap- 
proximately 2 drops/sec. in a flask with a ground-glass stopper. 
Stopper the flask (1) and set aside. Continue the elution with 250 
ml. of water-saturated chloroform-ether (1 : l ) ,  collecting in a 
separate flask. Stopper and set aside (11). 


Elutioiz of Basic Columlz-Elute with 250 ml. of water-saturated 
chloroform-ether ( 1  : l), collecting the eluate in a round-bottom 
flask with a 24/40 ground-glass stopper at a rate of approximately 2 
drops/sec. (111). 


Evaporation of Eluates I, 11, and 111-First, evaporate Eluate 111 
to dryness on a rotary evaporator under reduced pressure without 
heat. Next, quantitatively transfer Eluate I1 to the flask containing 
the residue from Eluate 111 and evaporate to  dryness as already 
described. Finally, quantitatively transfer Eluate 1 to the flask, add 
3 drops of 0.5 N methanolic HCl, and evaporate to  dryness as 
described. 


Quantitative Determination by GLC-Silylation of Sample-To 
the combined residues from the acidic and basic columns, add 400 
gl. of N,N-dimethylformamideand400 pl. of N,O-bis(trimethylsily1)- 
acetamide?, stopper tightly. and swirl until the residue is completely 
dissolved. 


Silylation of Standard-Combine 400 PI.  of the standard solu- 
tion and 400 pl. of N,O-bis(trimethylsily1)acetamide in a suitable 
container, stopper tightly, and mix. 


Quantiratioiz-Separate 4.O-pl. injections of the silylated standard 
and sample solutions are made onto the gas chromatograph, and 
the peak height of each compound is measured on the chromato- 
grams. The concentration of each compound in the assay solution 
is then calculated as follows: 


where H ,  = peak height of sample; H,T = peak height of standard; 
C, = concentration in aqueous sample solution, milligrams per 
milliliter; C I ~  = concentration in dimethylformamide standard 
solution, milligrams per milliliter; V ,  = volume of aquecus sample 
solution taken for assay, milliliters; and V>T = volume of dimethyl- 
formamide standard solution used, ml. = 0.400 ml. 


RESULTS AND DISCUSSION 


Recovery Data-Aqueous synthetic mixtures of the drug and 
degradation products were prepared and assayed, using as a stan- 
dard a solution of the compounds in N,N-dimethylformamide. The 
percent recovery of each compound was calculated from the follow- 
ing formula: 


where C, is the concentration in milligrams per milliliter in the syn- 
thetic mixture, and the other symbols are as previously defined. 


7 BSA, Specially Purified Grade, Pierce Chemical Co., Rockford, 111. 
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Figure 1-Chromatogram obtuined from urralysis of Sample I 
(Table I )  containing: A ,  scopoline, 0.25 mg./ml.; B,  atropic acid, 
0.25 mg./ml.: C,  tropic acid, 0.25 mg.lml.: D, aposcopolumine, 0.25 
rng./rnl.; and E ,  scopolamine, 0.75 rng./ml. GC conditions were ns 
listed in the tex!. 


Recoveries of all components were in the range 97.0-102.4z. Since 
the G C  separations are excellent, the determination of trace com- 
ponents in the presence of the others is limited only by the sen- 
sitivity of the detector response of the gas chromatograph. Some 
typical results are shown in Table 1. 


Liquid-Liquid Chromatography-The preliminary experiments 
showed that even repeated extractions in separators did not allow 
complete recovery of all the degradation products from aqueous 
solution; it was, therefore, decided to utilize the much greater 
efficiency of columns to accomplish the extractions. It was found 
that elution of the acidiccompounds was quantitative from a column 
using 1 N HCl as the stationary phase; however, some aposco- 
polamine was also eluted, probably due to ion-pair formation. Since 
this prevented combining the eluates from the acidic and basic 
columns prior t o  GC, 0.15 N H S O a  was used as the stationary phase 
on the acidic column. Elution of the acidic compounds from this 
column was quantitative, and no basic compounds were eluted. 


The pH of the stationary phase of the alkaline column was found 
to  be critical. At pH values above 10, there was significant degrada- 
tion of scopolamine on the column; whereas at a pH below 7, re- 
covery was incomplete. Use of pH 9.4 borate buffer as the stationary 
phase on the alkaline column permitted quantitative elution of the 
basic compounds without elution of any acidic compounds. Signif- 
icant losses of atropic acid occurred on evaporating chloroform- 
ether solutions of it but did not occur on evaporating chloroform 
solutions of the compound; consequently, atropic acid was eluted 
first with chloroform and evaporated from the combined residpes 
only after evaporation of the chloroform-ether eluates. The chloro- 
form-ether elution of the acidic column was found to  be necessary 
for complete recovery of tropic acid, which is relatively insoluble in 
chloroform. 


GLC-Figure 1 shows a typical gas chromatogram of scopol- 
amine and its hydrolytic degradation products obtained from an 
aqueous synthetic mixture. A linear relation beween peak height and 
concentration was found for all compounds. 


Solomon et al. (7) determined scopolamine by GLC without 
prior silylation and observed some on-column degradation at  the 
higher temperature used. In the present study, no evidence was ob- 
served of degradation of silylated scopolamine or any of the other 
compounds on injecting each of them separately onto the gas chro- 
matograph under the conditions noted. 
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TECHNICAL ARTICLES 


Simulation Device for Preliminary Tablet Compression Studies 


JOHN E. REES’, JOHN A. HERSEY*, and EWART T. COLE 


Abstract 0 A system was designed to simulate the double-acting 
compression etTect of rotary tableting machines commonly used to 
prepare pharmaceutical compressed tablets. The device was con- 
structed for use with a universal mechanical testing instrument, but 
the principle could also be applied to other types of compressing 
equipment including a modified reciprocating tablet machine. The 
double-acting compression is achieved by controlled downward 
movement of the die at a slower rate than the simultaneous down- 
ward movement of the upper punch. Adjustable components also 
allow control of: (a )  the rate of loading, (6) the relative rate of 
movement of the die and upper punch, (c)  the time at which move- 
ment of the die commences, ( d )  the depth of compression in the 
die, and ( e )  precompression of the powder bed. These controls 
permit simulation of a range of machine settings for different types 
of rotary tablet presses. 


Keyphrases 0 Tablet compression-preliminary testing, simulation 
of double-acting compression cycle of a rotary tableting machine 0 
Rotary tableting machine-simulation device for preliminary 
tablet compression testing Compression, tablets-preliminary 
testing, rotary tableting machine simulation device 


Since the investigations of Shotton et al. (1) and 
Knoechel et al. (2, 3), there has been much interest in 
the instrumentation of rotary compression machines 
used for the manufacture of pharmaceutical com- 
pressed tablets. 


In preformulation studies and during the early 
stages of development of tablets, the compression 
behavior of substances is often insufficiently well de- 
fined to compress the material on precision equipment 
such as a rotary machine. Also, sufficient quantities of 
a new drug substance may not be available at the ap- 
propriate time for such large-scale investigations. 
Preliminary studies, therefore, are often carried out 
using a single-acting press or a reciprocating tableting 
machine in which the compression conditions differ 
from those of a rotary machine with respect to factors 
such as friction effects at the die wall and stress distri- 


bution in a compact. It is often difficult to relate the 
results of these preliminary trials to the subsequent 
behavior of the material on a rotary machine. 


This report describes a system (4) which is used with 
a single-acting mechanical press to simulate the double- 
acting compression cycle of a rotary tableting machine. 


OPERATING PRINCIPLE 


A diagram of the simulator is shown in Fig. 1. It was designed 
principally for use with a universal mechanical testing instrument’ 
as in Figs. 2 and 3, but many of the design features allow the sys- 
tem to be used in conjunction with other types of mechanical and 
hydraulic compressing equipment or with a modified reciprocating 
tablet press. 


A rotary tablet machine is double acting; consolidation of the 
compacted material occurs in a die between upper and lower 
punches, which move toward each other between compression 
wheels (Fig. 4). To simulate this effect using a single-acting press in 
which movement of only one component occurs, such as the upper 
punch, this movement must be translated also to a second com- 
ponent of the system, such as the lower punch. However, since the 
principal load-bearing components of such a compression train 
are the upper and lower punches, it is mechanically simpler to fix 
the punches to the upper and lower platens of the compressing 
equipment. For this reason, in the device described the double- 
acting compression is achieved by controlled downward movement 
of the die at a rate proportionately less than the downward dis- 
placement of the upper punch. The resulting compression effect 
is the same as if the die were fixed and the lower punch moved up- 
ward at a controlled rate equal to, greater than, or less than the 
downward movement of the upper punch. The system selected also 
simpiifiesthe measurement of compaction and ejection forces using 
the Instron machine’. 


DESIGN DETAILS 


The schematic diagram of the simulator (Fig. 1) shows the ap- 
paratus assembled with 33-mm. diameter plane-faced compression 
tooling (A, B, and C) from a rotary tablet machine2. The upper and 


1 Model TTDM, Instron Corp., Canton, Mass. 
* Stokes DS3, F. J. Stokes Corp., Philadelphia, Pa. 
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Hormones and Resistance. By HANS SELYE. Springer-Verlag, 175 
Fifth Ave., New York, NY 10010, 1971. xviii + 1140 pp. 17 x 
25 cm. Price $79.40 (two parts, not sold separately). 
This monograph is presented in two parts: (1) History, Chemistry, 


Pharmacology, and Hormonal Agents; and (2) Nonhormonal 
Agents. Clinical Implications, Morphology, Theories, and Synopsis. 
Its purpose, clearly stated in the beginning of the text, is “to examine 
how hormones can influence the resistance of the body to changes in 
its environment.” To this end, the author with a background of 
earlier monograph contributions on diverse but broadly related 
subjects (“stress syndrome,” thrornbohemorrhagic phenomena, 
anaphylactoid edema, calciphylaxis, mast cell, and experimental 
cardiovascular disease) has selected approximately 5OOo relevant 
articles from a worldwide literature base of more than 15,000 refer- 
ences for authoritative review, interpretation, and integration with 
unpublished personal data. The challenge of the assignment was 
approached by use of the analytico-synthetic procedure, a litera- 
ture processing practice applied in the development of earlier mono- 
graphs, which involves generation of analytically objective abstracts 
for use in the synthesis of interpretations, correlations, and sum- 
maries of the available data. Approximately one-half of the mono- 
graph consists of concise and readable abstracts of published and 
unpublished data, deployed in applicable subject sections for con- 
venient reference and assimilation by the reader. Unpublished ob- 
servations of the author are coded by protocol numbers for use as 
references in communicating additional information and published 
data by reference to original articles. The text material, distinguished 
by comparatively large print, allows a reader to develop a rapid 
overview of the subject, which integrates literature with personalized 
but unmatched authoritative views. However, any reader with un- 
limited or limited interest is cautioned about the need for initial 
orientation to special terminologies, concepts, text-table format, 
experimental parameters, statistics, and indexing mechanics, to 
optimize returns from the vast storehouse of experimental data in 
the two volumes. Contents of the monograph include a comprehen- 
sive treatment on catatoxic agents which modify resistance via 
metabolic degradations and/or excretion of potentially toxic sub- 
stances. Applicable background on enzyrnologic studies in the field 
are also provided for interpretative review of the underlying mecha- 
nisms for catatoxic activity. 


The monograph is a most timely compilation on current status 
of the subject based on empirical data of the past 35-year period, 
with promise that a new era of systematic research studies will 
emerge with the challenge of experimental questions raised by the 
available data. I t  will have a broad spectrum appeal in the scientific 
community (pharmacology, toxicology, endocrinology, immun- 
ology, biochemistry, and medicine) by offering a hormonal defense 
concept in modifying the course of disease processes in man. 


Reoiewed by C .  M. Kagawa 
Alcori Laboratories, lnc. 
Forth Worth, T X  76101 W 


The Merck Manual of Diagnosis and Therapy. Edited by DAVID N. 
HOLVEY. Merck & Co., Inc., Rahway, NJ 07065, 1972. 1964 pp. 
12 X 17.5 cm. Price $8.00. 
Initially published in 1899, the “Merck Manual” is a complete 


volume of diagnosis and treatment of virtually all generally en- 
countered diseases. This newest edition contains 110 pages more 
than the previous edition; the book is divided into 25 main sections 
and 351 principal chapters. This edition has been extensively re- 
vised and idcludes several new subjects, an expanded index. and 
more tabular and illustrative material than preceding editions. More 
than 400 prescription drugs are listed in the new edition. 


Staff Review 


International Nonproprietary Names for Pharmaceutical Substances: 
Cumulative List No. 3,1971. World Health Organization, Geneva, 
Switzerland, 1 9 7 1 . 1 8 9 ~ ~ .  15.5 X 24cm. Price$6.00. 
Periodically the lists of proposed international nonproprietary 


names for pharmaceutical substances published in the “WHO 
Chronicle” are compiled. This publication covers the period from 
1953-1971 and contains more than 2700 names. The names are 
given in both their Latin and English forms and are accompanied by 
the systematic chemical name and molecular formula. An index of 
molecular formulas is a new feature added to this cumulative list- 
ing. 


Staff Review H 
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Receni Adoances in  Studies on Curdiac Siructure and Metabolism, 
Volume I:  Myocardiology. Edited by E. BAJUSZ and G. RONA. 
University Park Press, Chamber of Commerce Building, Balti- 
more, MD 21202,1972.835 pp. 15 X 23 cm. PriceS29.50. 


Efects of Drugs 011 Cellular Control Mpchanisms, A Symposium. 
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Elmsford, NY 10523.1972.370 pp. 15 Y, 23 cm. Price $39.00. 


Bulletin Technique, Number 66. Gattefossr Establissements, 46, Rue 
de la Charite, 69 Ly0n-2~, France. 95 pp. 15 X 24 cm. 


Statistics: A Guide to the Unknown. Edited by JUDITH M. TANUR. 
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1 9 7 2 . 4 3 0 ~ ~ .  14.5 X 23 cm. Price $4.95 paper, $9.95 cloth. 
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XIII) similar to IX of the classical mechanism except for saturation 
of the 5,6-bond, but it may be favored since 6-position attack by 
hydroxide ions on uracils and pyrimidine nucleosides is well docu- 
mented (4, 6, 8). The resultant active intermediate (IX or XII) may 
deaminate (XI1 -. XIII -+ XIV + X or IX + X) to  give a uracil 
derivative, X, or the cytosine ring may open to  give a nonchromo- 
phoric compound, IX or XI1 ---* XI. The subsequent deamination 
and/or decarboxylation of this acyclic product makes this pathway 
irreversible. These postulated mechanisms of Scheme IV readily 
explain the parallel deamination of cytidine to uridine and its direct 
loss to a nonchromophoric product in agreement with Scheme 11. 
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Drug Absorption VI: Water Flux and Drug 
Absorption in an In Situ Rat Gut Preparation 


S. KOJIMA, R. B. SMITH, W. G. CROUTHAMEL, and J. T. DOLUISIO’ 


Abstract 0 The influence of net water transfer on drug absorption 
occurring in an in situ rat intestinal preparation was studied using 
hypotonic, hypertonic, and isotonic intestinal lumenal solutions 
composed of sodium phosphate and sodium chloride. It was found 
that the tonicity of the lumenal solution tended to change to a 
slightly hypertonic value when the initial solutions were isotonic or 
hypertonic and to isotonicity when the lurnenal solution was initially 
hypotonic. Net water flux occurred from hypotonic solutions and 
into hypertonic solution. Water loss from isotonic solutions ranged 
between 7 and 1 7 z  in 3.0 hr. The results indicated that the in- 
testinal water loss or gain which occurred with the different tonicity 


solutions altered the apparent rate constant for sulfaethidole ab- 
sorption. It was found that the changes could be accounted for by 
correcting the rate constant for volume and relative available sur- 
face area and that when this was done there were no differences 
between permeability constants for sulfarthidole from the iso- 
and hypotonic solutions for absorption. However, the hypertonic 
solution had a reduced permeability constant. 


Keyphrases 0 Drug absorption-effect of tonicity and net water 
transfer, in situ rat intestine 0 Intestinal alxorption, in situ, rat- 
effect of tonicity and net water transfer 


In situ rat gut techniques, based on a simple surgical 
operation and measurement of drug disappearance from 
the gut perfusion solution, are often used in studies 
of drug absorption. A single perfusion method (l), a 
recirculation method (2), and the method of Doluisio 
et al. (3) are examples of in situ gut techniques that have 
been used by various workers to  study the dynamics 
of the drug absorption process. One problem common 


to all these methods is the loss of water that occurs 
during experimentation. In our laboratories, we at- 
tempted to  minimize this factor by limiting experimenta- 
tion to less than 40 min. ; this time is adequate for drugs 
that are absorbed rapidly, but it is not adequate for 
drugs that are absorbed slowly. Hayton (4) conducted 
in situ experiments for longer periods and compensated 
for water loss by periodically adding solvent (isotonic 
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Table I-Preparation of Phosphate Buffer Solutions 


NaHZPO,. HzO, NaCI, 
g.P. g.P. 


~ ~ 


Hypertonic Solution A 11.4 13.0 
Hypertonic Solution B 11.4 7.0 
Isotonic Solution C 11.4 4 .O 
Hypotonic Solution D 11.4 2.0 
Hypotonic Solution E 11.4 - 


saline); other investigators (1, 2) monitored water loss 
using an unabsorbable marker and corrected for volume 
changes. It has been shown that intestinal water loss is 
often secondary to the absorption of ions such as sodium 
(5). In studies of drug absorption that are conducted 
for long periods of time, the absorption of ions greatly 
influences the transport of water and, hence, estimation 
of drug absorption. 


This paper reports upon changes in tonicity and in 
net water transfer that occur in an in situ rat intestinal 
preparation (3) when hypotonic, hypertonic, and iso- 
tonic intestinal lumenal solutions are employed and 
the influence of these changes on the drug absorption 
process. Methods are also reported that make possible 
the calculation of absorption rate constants when vol- 
ume change is appreciable. 


EXPERIMENTAL 
Reagents and Equipment-All of the chemicals employed in this 


study were reagent grade. Sulfaethidole’ and polyethylene-1 ,2-14C 
glycol2, 0.2 pc./mg., were obtained from commercial sources. The 
perfusion solution consisted of 1.45 X lo-’ M NaCI, 4.56 X 
M KCI, 1.25 X IOW M CaCI2, and 5.0 X A4 NaH2P04 dis- 
solved in distilled water. A pH meter3, a spectroph~tometer~, an 
osmometer5, and a scintillation counter6 were utilized. 


Preparation of Sample Solutions-In the tonicity experiments, 
phosphate buffer solutions (pH 6.0) were adjusted to appropriate 
tonicity by the addition of sodium chloride (Table I). To determine 
net water transport, sample solutions were prepared by adding 0.5 
or 0.05 pc. of polyethylene-1,2-14C glycol to 10 ml. of each phos- 
phate buffer solution. 


Sulfaethidole solutions (70 mg.%) were prepared using pH 6.8 
phosphate buffer. 


500 k 


6 100 
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Figure 1-Changes in  osmolarity ofpliosphate buffer solution (pH 6.0) 
in the in situ rat intestinal lumen. (See Table I . )  


Smith Kline and French Laboratories. 
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Figure 2-Percent changes in osmolariiy of phosphate buffer solu- 
tion ( p H  6.0) in the in situ rat intestinal lumen. (See Table I . )  


Preparation of Scintillation Solution-The scintillation solution 
used was prepared as follows: 4 g. of 2,5-diphenyloxazole, 100 mg. 
of 1,4-di-[2-(5-phenyloxazolyl)]benzene, 360 g. of octylphenoxy- 
polyetho~yethanol~, and distilled toluene to make 1 1. 


Test Animals-Male Sprague-Dawley albino rats weighing 250- 
480 g. were fasted about 16 hr. prior to surgery; however, drinking 
water was allowed ad libitum. The rats were kept in cages having 
wide mesh floors to minimize coprophagy. 


Experimental Procedures-The procedure for studying drug 
disappearance from the in situ rat gut lumen was described pre- 
viously (3, 6), except that the threeway stopcock arrangement was 
eliminated by drilling a hole above the 10-ml. line of the plastic 
syringes. Separate experiments had to be conducted for tonicity 
changes and for water loss and drug absorption due to the volume 
of sample required for analysis and the desire to prevent radioactive 
contamination of the osmometer. In the experiment measuring 
change in tonicity, 15 ml. of sample solution was introduced into 
the intestine. A 3-ml. aliquot was removed immediately, and the 
remaining solution was returned to the intestine. In the experiments 
using polyethylene-I ,2-14C glycol and sulfaethidole, 10 ml. of the 
sample solution was introduced into the intestine by means of the 
same method and a 0.1-ml. aliquot was removed at periodic inter- 
vals. 
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Figure 3-Percent changes in lumenal water volume with time in the 
in situ rat in1estitialpreparation. (See Table III.) 


7 Triton X-100. 
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Table 11-Net Water Flow in the In Situ Rat Intestinal Lumen Expressed as Percent Volume Change" 
_ _ _ _ ~  ~ ~ 


Mean Percent Change of Volume in Minutes f SD > 


Solution 30 45 60 90 120 150 180 


Hypertonic + 2 3 . 0 + 6 . 0  + 2 4 . 1 j I 8 . 7  + 2 8 . 0 f 8 . 1  + 2 6 . 5 f 1 0 . 9  + 3 0 . 2 + 5 . 8  + 3 0 . 3 f 6 . 1  + 3 2 . 2 f 7 . 6  


Hypertonic +14.9 =t 3.8 +17.8 f 4.7 +19.5 f 4.8  +20.3 f 4.3  +21.4 3Z 2.9 +20.2 =t 4.0 +20.0 f 5.7 
Solution A 


Solution B 
Isotonic - 4 . 2 f 3 . 9  - 5 . 2 f 3 . 8  - 5 . O f 5 . 9  - 9 . 6 f 5 . 2  - 1 3 . 2 f 5 . 3  - 1 7 . 2 j I 6 . 6  - 1 5 . 5 f 6 . 0  


Solution C 


Solution D 
Hypotonic -10 .23=3.2  - 1 5 . 3 3 ~ 4 . 9  -16.23Z2.9 - 2 0 . 9 & 6 . 7  - 2 5 . 6 + 7 . 4  - 2 8 . 0 + 7 . 2  - 3 0 . 5 d ~ 7 . 3  


Hypotonic . -10.9 jI 4.4 -25.5 f 6.8 -30.2 f 9.2  -35.7 f 11.7 -30.6 f 10.0 -44.9 * 11.8 -46.7 f 12.8 
Solution E 


a Four rats for each determination. 


Analytical Procedures-For the measurement of tonicity, each 
sample was filtered and the osmotic pressure of the filtrate was 
determined by freezing-point depression using the osmometer. 
For determination of radioactivity, each sample solution was 
pipeted into a scintillation vial containing 15 ml. of the scintilla- 
tion solution, and the radioactivity was counted using a scintilla- 
tion counter. The counting efficiency was approximately 90%, with 
a background of 27-30 c.p.m. Sulfaethidole was analyzed by the 
method of Bratton and Marshall (7). 


RESULTS AND DISCUSSION 


To understand the influence of tonicity on the intestinal absorp- 
tion of sulfaethidole. the changes occurring in different tonicity 
solutions were examined in the in sifu rat intestine preparation. 
These changes were measured using hypertonic (A and B), isotonic 
(C), and hypotonic (D and E) phosphate buffer solutions which 
possessed the osmotic pressures of 555, 380, 285, 207, and 149 
milliosmols/kg. waters, respectively. Results are summarized in Fig. 
1. The tonicity of hypertonic Solutions A and B decreased gradually 
and reached values of about 350 and 325 milliosmols/kg. water, 
respectively, after 3 hr. The tonicity of hypotonic Solutions D and 
E increased gradually and reached values of about 275 and 300 
milliosmols/kg. water, respectively, after 3 hr. The tonicity of iso- 
tonic Solution C also showed a slight increase, from 285 to ap- 
proximately 310 milliosmols/kg. water (freezing-point depression 
-0.58"), after 3 hr. A plot of percent change of tonicity in each 
phosphate buffer solution versus time is shown in Fig. 2. 


From these results, it is apparent that the tonicity of a sample 
solution in the in situ rat small intestine preparation has the tendency 
to change to a slightly hypertonic value (about 310 milliosmols/kg. 
water) when initial solutions are isotonic or hypertonic owing to 


I I I I I 


0 30 60 90 120 
MINUTES 


Figure 4-Semilogarithmic plot of sulfaethidole unabsorbed versus 
time, uncorrected for water loss. Key: 0, hypertonic A ;  A, isotonic 
C; und 0, hypotonic E.  


Osmolality in milliosmols/kg. water = 1000 ATjl.858, where AT 
is the actual freezing-point depression, and 1.858 is the cryoscopic con- 
stant equal to the molal freezing-point depression of water. 


the transport of water and/or salts through the gut membrane. 
Solutions that are initially hypotonic seem to change to isotonicity 
(288 milliosmols/kg. water). The rates of the change in tonicity of 
the hypertonic solutions were apparently slower than either the 
isotonic or hypotonic solutions. 


Studies were conducted to determine the flux of water in the 
in situ rat small intestines using polyethylene-1,2-14C glycol as an 
unabsorbable marker. The changes in volume in the intestinal 
fluid using phosphate solutions, A, B, C, D, and E, are summarized 
in Table I11 and Fig. 3. A decrease in volume is due to net water 
loss from the intestine (absorption), and an increase in volume is 
due to net water flux into the intestine. Accordingly, it was found 
that water was absorbed from the hypotonic: solutions and absorbed 
into the hypertonic solutions. Water loss from Solution C ranged 
between 7 and 1797, in 3.0 hr. As expected, these results illustrate 
that the absorption and secretion of water are greatly influenced by 
the concentration of salts in the sample solution. 


The influence of volume changes on the intestinal absorption of 
sulfaethidole is illustrated in Fig. 4. For the hypertonic (A) and 
hypotonic (E) solutions, semilogarithmic plots of sulfaethidole 
intestinal concentrations uersus time were nonlinear; a similar plot 
for the isotonic (C) solution appeared linear for 2 hr. Using the 
percent volume change (Fig. 3) for each t;olution, the amount of 
drug unabsorbed at each time was calculated and plotted semi- 
logarithmically versus time in Fig. 5. Since the volume changes with 
time for the hypertonic (A) and hypotonic (E) solutions, one would 
expect these plots to be nonlinear during the period of appreciable 
volume change, about 1 hr. As shown in Fig. 2, the plots do exhibit 
nonlinearity. For the isotonic solution, the volume change is small 
and the plot appears linear. 


To determine the relationship between volume changes and 
absorption, studies were conducted in situ with isotonic sulfaethidole 
solutions of different initial volumes. Since isotonic solutions have 
small volume changes over the 1st hr., these studies give a com- 
parison of absorption for several different volumes that are es- 
sentially constant. The results of these studies (Table 111) show that 
as the volume of the intestinal solution increased the apparent 
rate constant for absorption decreased. Since it is known that the 
available surface area of the intestines changes with the volume, 
iz., distension of the intestines, two factors probably are involved 


2 1 ,  I c n l  
20 40 60 80 100 


MINUTES 


Figure S-Semilogarithmic plot of umoiint of sulfbetliidole unobsorbed 
versus time. Key: *, hyperfonic A ;  0, fiyporonic E; and n, isofonic C. 


Vol. 61, No. 7, July 1972 0 1063 







0 2 4 6 8 10 
A/v .  crn.r/ml. 


Figure 6-Relutioi1 between koa,T and A/v for isotonic sulfaethidole 
solulioirs of difcrctir ini/ial volumes, pH 6.8. 


in this change in apparent absorption rate constant: surface area 
and volume. 


It would be difficult to determine the actual surface area of the 
intestines. However, if a relationship is assumed to exist between 
area and volume over a small range of volumes, 6-12 ml. for this 
iii situ method, a relutice surface area may be accounted for by using 
a simple model. Since a constant length of intestine was employed 
i n  this experimental technique, the surface area changes were ap- 
proximated by assuming the intestine to be a cylinder of constant 
length and varying radius as a function of volume. The area was 
calculated in this manner for each volume used (Table 111). 


From Fick’s law the observed absorption rate constant is de- 
scribed by : 


where D is the diffusion coefficient, A is the surface area, v is the 
volume, and c / x  is the membrane thickness. By assuming that D and 
dx are constant, the following linear relationship should exist be- 
tween the observed rate constant and Alu: 


A koba = k’ X ; (Eq. 2) 


The A / u  values are shown in Table 111, and the plot of kobs uersus 
A/c  is shown in Fig. 5. The relationship was linear and gave the 
expected y-intercept of 0.0. It is important to note that the slope 
of this line gives an “intrinsic” constant (or permeability constant), 
k’, which is independent of volume or surface area and as such 
would allow a comparison of the effects of tonicity on drug absorp- 
tion other than volume and surface area. 


The determination of this relationship allows one to compare 
the absorption of sulfaethidole from solutions of different tonicity 
where volume changes are rapid. As seen in Fig. 5, a plot of log 
amount remaining versus time is linear when the volume is con- 
stant; under this condition, kobs can be calculated from the slope 
of the line. When the volume change was appreciable during drug 
absorption, it was necessary to determine rate constants over small 
time intervals, where the volume change was negligible, using 
Eq. 3: 


where M is the amount at time /. As would be expected from the 
previous results for the isotonic solutions in Table 111 and from 
Fick’s law, koha was inversely proportional to the volume in the 
intestine. The area corresponding to each volume was then cal- 
culated, and the intrinsic (or permeability) constant was determined 
from the slope of the plot, kohl versus A/u, for the hypotonic (E), 
isotonic (C) ,  and hypertonic (A) solutions. The intrinsic con- 


Table III-Changes in Intestinal Fluid Volume 
~ ~~~~ 


k’ 
k+., -4th cm.2 (intrinsic), 


Solution min.-l m1.-1 v,ml. A,cm.* cm.min.-1 
~ ~~ 


Isotonic C 0.0297 10.56 6 63.36 0.00281 
Isotonic C 0.0247 9.13 8 73.04 0.00271 
Isotonic C 0.0216 8.18 10 81.80 0.00264 
Isotonic C 0.0198 7.48 12 89.76 0.00265 


Solution k‘ X lo3 f SD”, cm. min.-’ 


2.70 & 0.08 
1.71 f 0.2 
2.08 f 0.2 
1.20 f 0.08 


Isotonic C, pH 6.8 
Isotonic C, pH 6.0 
Hypotonic E, pH 6.0 
Hypertonic A, pH 6.0 


Three rats for each solution. 


stants thus calculated are given in Table 111. When the means were 
compared by Student’s t test, it was found that the hypotonic and 
isotonic means were not significantly different ( p  > 0.05) but that 
the hypertonic mean was significantly different ( p  < 0.01). 


These results indicate there was apparently no difference in the 
permeability of the membrane to the hypotonic and isotonic 
sulfaethidole solutions when the data were corrected for volume 
and surface area changes. It was found that the apparent per- 
meability of the membrane to sulfaethidole was significantly de- 
creased when the hypertonic solution was used. Thus, changes in 
absorption of sulfaethidole from a hypertonic solution are no/ due 
simply to changes in volume. 


These studies showed that drug absorption profiles vary due to 
volume changes that occur in the in situ absorption technique. It 
was demonstrated that for the passively absorbed drug sulfaethi- 
dole, these changes in volume may be corrected for in the calcula- 
tion of a permeability constant that is independent of volume and 
surface area. The model employed for these corrections is very 
elementary and would only apply without further considerations 
for drugs that are passively absorbed and studied using this in situ 
technique. 


Other investigators (8) reported a much greater loss of water than 
was found in these studies involving isotonic solutions. It is possible 
that this discrepancy may be due to excessive positive pressure being 
exerted by these investigators when intestinal solutions were being 
expelled for sampling. At any rate, if appreciable water change 
occurs during experimentation, absorption plots may be nonlinear 
and may have to be calculated as stated here. 
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layer was extracted with two 40-ml. portions of ethyl acetate. The 
combined organic layers were washed with 50 ml. water, dried 
(magnesium sulfate), and concentrated to dryness in uacuo to give 
3.10 g. of the acid. To the acid was added 50 ml. 48% HBr. The mix- 
ture was stirred and refluxed for 2.25 hr. and then allowed to stand 
at room temperature for 15 hr. The solid was filtered and washed 
with two 5-ml. portions of 48% HBr. The fitrate and washings were 
combined and concentrated to dryness in VQCUO. To the residue was 
added 10 ml. water and a few drops of sulfur dioxide-water. The 
solution was warmed, decolorized, and filtered. The filtrate was 
cooled, adjusted to pH 5 (pH paper) with concentrated ammonium 
hydroxide, and stored in the refrigerator for 2 days. The solid was 
filtered, washed with two 10-ml. portions of absolute ethanol, and 
air dried to give 0.52 g. (40%) of I; [a]:' --11.15"(concentration 
2%, 1 N HCI). An analytically pure sample of I was isolated from 
velvet bean extract by the literature method (4); [a]Y (obs.): 
- 11.62" (concentration 2%, 1 N HCl), (lit.): - 12.0" (concentration 
1 Z, 4% HCI). The product exhibited an IR spectrum identical to 
that of an authentic sample of I. Amino acid analysis indicated the 
purity of the product to be 97%. 
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C O  M M  U N I C A  TIONS 


Existence of a Vagosympathetic Pressor 
Reflex in the Dog 


Key phrases 0 Central vagal stimulation-vagosympathetic pressor 
reflex, dogs 0 Vagosympathetic pressor reflex-response to 
central vagal stimulation, sympathetic efferents versus vagal 
afferents, dogs 


Sir: 
It has been substantiated by many workers, among 


whom may be mentioned Chapman et al. (1) and 
Tansy et al. (2), that central vagal stimulation at the 
cervical level in the bilaterally vagectomized dog in- 
variably produces a definite and constant elevation in 
arterial pressure with no change in the pulse rate or 
ECG. 


From these reports it was to  be assumed that the 
pressor response to central vagal stimulation in the dog 
results from vagal afferent activity. In a recent report, 
Pedersoli (3) concluded, however, that the pressor 
response was mediated solely by simultaneous stimu- 
lation of the sympathetic fibers which are fused into the 
common trunk with the vagus nerve in the cervical 
region of the dog. We, therefore, subjected this question 
to further examination. 


Acute experiments were conducted in 12 fasted 
mongrel dogs to  determine the afferent pathway which 
subserves the arterial pressor response to  central 
stimulation of the vagosympathetic trunk. After an 
overnight fast, anesthesia was induced with sodium 
thiopental (20 mg./kg. body weight) and maintained 
with a mixture of chloralose-urethan (25 and 250 mg./ 


Intra-tracheal Pressure 


R. Vagosympathetic 
Trunk IRCVl R. vagal Afferent6 R. Sympathetic -. -. . . ._ 


in Trunk Efferent8 in Trunk *-- 
-0 mm HgFEMCRAL ARTERIAL PRESSURE c--.-( 


1 min. 


Figure 1-Polygram sections showing arterial pressure arid respira- 
tory responses to electrical stimulation of the cirl cephalic end of the 
entire right vagosympathetic trunk of the dog, the cagalportion of the 
same trunk, arid the peripheral sympathetic component. 


kg. body weight, respectively). In all preparations, the 
vagus was surgically separated from its sympathetic com- 
ponent by locating the superior cervical ganglion and 
dividing the common sheath holding together the 
sympathetic efferent nerves and the vagus. The dis- 
sected right and left vagosympathetic trunks were 
sectioned in the neck and prepared for cephalad stimu- 
lation as described by Taylor and Page (4). 


The cephalic end of the divided vagosympathetic 
trunk, its vagal afferent, and sympathetic efferent com- 
ponents were stimulated with monophasic square wave 
pulses, using pressor parameters described by Feldman 
(5). The stimuli consisted of monophasic square wave 
pulses, with a frequency range of 30-60 Hz., a duration 
of 1 msec., and voltages of 10-40 v. Absolute current 
flow was measured using voltage drop determination 
across a precision resistor of known value in series with 
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the stimulating electrodes. Respiration and arterial 
pressure were charted on a direct-writing polygraph. 
In all bilaterally vagectomized dogs, centripetal 


electric stimulation (0.1--0.3 ma.) of either vago- 
sympathetic trunk at  the cervical level always resulted 
in a systemic arterial pressor response and apnea. 
In Fig. 1, it can be seen that vagal afferent stimulation 
similarly produced a rise in the femoral arterial pressure, 
whereas stimulation of the peripheral end of the 
sympathetic portion of .the trunk with comparable 
stimulus parameters had no effect on the systemic 
pressure. The apnea induced by vagal afferent stimu- 
lation was absent on stimulation of the sympathetic 
efferents. A functional verification of the nature of the 
fiber groups is also afforded by the fact that this same 
stimulus produced dilatation of the ipsilateral pupil 
only when applied to the fiber bundle that was visually 
specified to be the afferent portion and that subserved 
the pressor response. This latter observation is in com- 
plete accord with the classical findings of Harper et al. 
(6) .  
In view of the anatomical isolation of the sympa- 


thetic fibers produced in the cervical regions of our 
dogs, the conditions were not present for the effectation 
of sympathetic influences in the blood pressure. There- 
fore, it is concluded that the pressor response to  central 
vagosympathetic trunk stimulation in the dog is via 
the vagal afferent and not the cut end of the sympathetic 
efferent. This conclusion is supported by the recent 
publication (7) in which polygram sections depicted 
that electrical stimulation of the cephalic end of the 
dorsal and/or ventral abdominal vagus in the dog raised 
the femoral arterial pressure and that this response was 
abolished by surgical interruption of the vagal afferents 
at the cervical level. Application of the same stimulus to  
the proximal end of the cut cervical vagus produced the 
pressor response induced by central stimulation of the 
abdominal vagi prior to section. In sum, it is con- 
cluded that both the apneic and arterial pressor re- 
sponses to central vagal stimulation are reflexes sub- 
served by afferent limbs within the vagi and not the 
cut ends of the sympathetic element. 
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Cryptopleurine, an Active Antiviral 
Alkaloid from Boehmeria cylindrica (L.) Sw. 
(Urticaceae) 


Keyphrases 0 Boelzmeriu cylitzdrica (L.) Sw.-antiviral alkaloidal 
extract 0 Cryptopleurine-isolation from Boehmeria cylindrica, 
antiviral activity 0 Medicinal plants-isolation of cryptopleurine 
from Boehmeria cylindrica, antiviral activity 0 Antiviral activity- 
cryptopleurine from Boehmeria cylindrica 


Sir : 


As a result of a screening effort to  determine the 
biological effects of native plants, a defatted ethanol 
extract of Boehmeria cylindrica ( L . )  Sw. was found to 
exert a marked inhibitory effect against several viruses in 
tissue culture experiments. Concurrently, similar ex- 
tracts were shown to  elicit a significant cytotoxic effect 
against Eagle’s 9 KB carcinoma of the nasopharynx in 
cell culture (1). Subsequent phytochemical studies 
resulted in the isolation of three alkaloids, one of which 
was identified as 3,4-dimethoxy-w-(2’-piperidyl)aceto- 
phenone (I). The others were cryptopleurine (11) and 
a base, obtained in very small amounts, which was sug- 
gested to be the secophenanthroquinolizidine (111). Only 
I1 was obtained in sufficient quantity for biological test- 
ing, and it was found to be highly active against the 9 
KB carcinoma, exhibiting an ED5, of 7.8 X and 
2.6 X 10-5 mcg./ml. in replicate tests (1). 


At this time we would like to report that I1 is also 
responsible for at  least a part of the antiviral activity 
observed in tests with crude extracts of B. cylindrica. 


Cryptopleurine (4.5 mg.) was dissolved in 10.0 ml. of 
1 % (w/v) citric acid aqueous solution. Enough distilled 
water was added to an aliquot of 0.1 ml. of this alkaloid 
concentrate to make 100 ml. In this way, Solution A 
(4.5 X mcg./ml.) was prepared for testing. 


OCH, 


I11 


1 Authentication of the plant material yielding I1 was previously re- 
ported (1). 
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Chlorpromazine Metabolism V: Disposition of 
Free and Conjugated Metabolites in 
Blood Fractions of Schizophrenic Patients 


PUSHKAR N. KAUL', MAHARAJ K. TICKU, and MERVIN L. CLARK 


,Abstract 0 Disposition of the circulating levels of 10 chlorpro- 
mazine metabolites and their conjugates in the blood fractions of 
chronic schizophrenic patients was determined. The erythrocytes 
were found to sequester nearly 50% of the total blood concen- 
tration of the free metabolites, whereas the platelets contained 
only insignificant amounts. Of particular significance was the 
localization of the conjugated metabolites in the red cells. The 
implications of sequestration of the metabolites and their conjugates 
by the erythrocytes are discussed. 


Keyphrases 0 Chlorpromazine metabolism-disposition of free 
and conjugated metabolites in blood fractions of schizophrenic 
patients 0 Erythrocyte sequestration-disposition of free and 
conjugated metabolites of chlorpromazine in blood of schizophrenic 
patients 0 Blood distribution, erythrocyte sequestration-chlor- 
promazine metabolites, schizophrenic patients 0 Schizophrenics' 
chlorpromazine blood distribution-disposition of free and 
conjugated metabolites, erythrocyte sequestration 


Although metabolism of chlorpromazine has been 
studied extensively in  the past decade (1-5), very little 
is known about the disposition of the drug and/or its 
metabolites in  the blood. Only recently has it been 
possible to determine the blood levels of a majority of 
the metabolites (6). Earlier failures in  consistently 
quantitating the circulating levels of the metabolites 
have been, at least in  part, due to nonavailability of 
sensitive and precise assay methodology. Another 
possible reason for such failures might have been that 
investigators used plasma or serum samples for mea- 
suring the blood levels, which would tend to be low if 
the blood cells sequestered the drug and its metabolites. 


For clinical studies correlating therapeutically avail- 
able levels of a drug (and/or its metabolites) with its 
administered dose, it is important to consider the total 
concentration in the whole blood rather than only in 
the plasma. Both the protein-bound and the free 
(nonprotein-bound) drug molecules present in the cells 
as well as the plasma usually exist in a steady-state 
equilibrium of the type proposed in Fig. 1. The extent 
of delivery of the therapeutically active molecules 
(drug and/or its metabolites) at  the biophase is depen- 
dent on the free plasma levels. The duration of this 
delivery, however, should be dependent not only on the 
free plasma levels but also on the bound plasma levels 
as well as on the free and bound concentrations localized 
in the blood cells. Therefore, to  study the contribution 
of the blood cells in monitoring the therapeutic avail- 
ability of a drug and/or its metabolites, a detailed dis- 
position of these molecules in the blood fractions is 
necessary. 


Huang and Ruskin (2) could not detect any chlor- 
promazine-like material in  erythrocytes of patients 
receiving chlorpromazine. Hammar and Holmsted (3) 
also failed to  detect any nonconjugated metabolites in 
the erythrocytes. Zingales (7), however, was the first to  
detect qualitatively the conjugated nonphenolic metabo- 
lites of chlorpromazine in the plasma and in erythrocyte 
washings and hemolysates, but to date no quantitative 
data have been reported. 


In previous studies dealing with the development of 
the dansylation assay (8) and its application to  blood (6), 
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Figure I-Steady-state eqcrilibrii:m of therapeutically uctive molecules 
( M )  in die body. Key: P- M ,  the protein-bound molecules iti plasma, 
cells, or other tissues; L-hi, the lipid-boiord or dissolred molecules; arid 
R- M ,  the bioplrase receptor-complexed molecules. 


the demethylated metabolites were studied and found to  
be significantly localized in the erythrocytes. It was sug- 
gested that a possibility existed also for the other 
metabolites to be sequestered by the blood cells (6) .  


This paper reports on the distribution of both the 
free and the conjugated metabolites of chlorpromazine 
in various blood fractions. Attempts to quantitate the 
metabolites localized in the leukocytes failed, since it 
was not possible to separate accurately these cells from 
erythrocytes. The available fractionation method (9) 
invariably caused hcmolysis. However, the platelets, 
although separable, contained only insignificant quanti- 
ties of various metabolites. 
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Figure 2-Relative extrnctibility of various clrlorpromazirre metabo- 
lites from the wliole blood, plasma, atid cells. Key: A ,  didesmethyl; B,  
7-iiydroxydidesmetliyl; C ,  7-liydroxymoirodesniet~iyl sulfoxide; and 
D ,  nionodesnietliyl sulJo.uicie. All are deriratives of chlorpromazine. 
Recoveries from 3 ml. blood were taken as 100%. The observedliigher 
recoveries from the plasma fractioiis niay be due to the presence of less 
protein content in these fknctiotrs prepared in the matimr described in 
the Methods section. 
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Figure 3-Sequestratiori with time of various metabolites of cklor- 
proinazirre by the blood cells. Key: A ,  7-liydroxy ; B, didesmethyl; C,  
7-hydroxydidesmethyl; D,  morrodesmethyl sulfoxide; and E ,  7- 
kydro.~yiiiotiodesmet/iyl sulfoxide. All are derivatives of clilorpro- 
marine. 


EXPERIMENTAL 


Materials and Methods-The standard metabolites, analytical 
and other equipment, solvents, etc., used were those described 
previously (6). An enzyme solution' was used as the source of 
/3-glucuronidase to hydrolyze the conjugated metabolites, The blood 
samples used for studying the distribution of added chlorpromazine 
metabolites were collected in EDTA Vacutainer tubes from healthy 
human volunteers and used immediately. The unknown blood 
samples were obtained from chronic schizophrenic patients re- 
ceiving a 400-1600-mg. total daily dose of oral chlorpromazine 
divided into a morning dose and an evening dose. The samples 
were collected 2 hr. after the morning dose. All analyses on these 
samples were carried out in duplicate. 


Processing of Blood and Assay-The free (nonconjugated) 
metabolites of chlorpromazine were determined by an earlier 
described method (6). For quantitation of the conjugated me- 
tabolites, separate aliquots were enzymatically hydrolyzed under 
standard conditions2 and the liberated metabolites were determined 
(6) as the total in that sample. The difference between the total and 
the free levels gave the concentration of the conjugated metabolites. 


Bulk blood samples (20-30 ml.), containing known amounts 
(usually 1-3 mcg./ml.) of added metabolites, were incubated at 37" 
for 30 min. in a shaker3. The incubated samples were centrifuged at 
500 r.p.m. for 10 min. to  separate the platelet-rich plasma from the 
erythrocytes and the leukocytes. Based on the hematocrit value of 
the original blood sample, aliquots of the separated plasma cor- 
responding to 3 ml. whole blood were assayed to represent the 
metabolite content of plasma plus platelets. Also, a portion of the 
platelet-rich plasma was centrifuged at 2000 r.p.m. for 10 min. to 
separate the platelets. These were washed with saline, diluted ap- 
propriately with saline to yield a volume equal to the original 
platelet-rich plasma volume from which the platelets were ob- 
tained, and assayed in 3-ml. aliquots. 


The erythrocytes and leukocytes that separated after the first 
centrifugation at 500 r.p.m. were recentrifuged at 2000 r.p.m. The 
packed cells were washed twice, resuspended in saline to  yield the 
original blood volume, and assayed in 3-ml. aliquots. Since the 
localization of chlorpromazine metabolites in platelets was found to 
be relatively insignificant, in all subsequent experiments the blood 
samples were fractionated only into plasma and cells (erythrocytes, 
leukocytes, and platelets together). 


The conjugated chlorpromazine metabolites, isolated from a 
patient's urine4, were added to freshly collected blood and in- 
cubated at 37" for 1 hr. The blood was fractionated into cells and 
plasma, which were reconstituted as before and assayed for free 
and total metabolites. 


1 Glusulase, Endo. 
* Details to be published. 
3 Dubnoff. 
4 By a method to be published. 
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Table I--Percent Recovery of Added Chlorpromazine Metabolites 
from Various Blood Fractions" 


Nano- 
Metabo- moles ---- Percent RecoveryC - 


litesb Added Plasma Cellsd Platelets Total 


M- 1 0 .90  21.70 67.98 13.10 102.78 
M-2 0 .98  19.83 64.34 - 83.97 
M-3 0.31 36.00 69 .00  - 105.00 
M-4 1.03 21.37 69.33 12.08 102.78 
M-5 0 .98  28.66 62.40 7 .69  98.75 
M-7 0 . 8 9  27.60 57.34 12.50 97.44 
M-10 0 .98  43.58 60.58 - 104.16 
M-8 0 .92  35.33 67.20 - 102.53 
M-6 0 .85  37.47 50.18 15.38 96.03 


a Standard curves. used to dcterininc the concentrations of the me- 
tabolites in the addition-recovery and unknown samples, also include 
the blood banks that wcrc relativcly high for thc sulfoxides and low 
for the other metabolites. In all tables, nondetectable (ND) means less 
than 10 ng./ml. for the sulfoxides and the hydroxy chlorpromazine 
and less than 4 ng.,'ml. for the rcst of the metabolites. b The metabolites 
of chlorpromazinc are identified as  follows: M-1, 7-hydroxy; M-2. 
monodesmethyl; .M-3, 7-hydroxymonodcsmethyl; M-4, didesmethyl; 
M-5, 7-hydroxyditlcsmctliyl; M-6, 7-hydroxy sulfoxide; M-7, 7-hy- 
droxymonodesmethyl sulfoxidc; M-8, 7-hydroxydidesmethyl sulfoxidc; 
M-9, monodesmethyl sulfoxide; and M-10. didesniethyl sulfoxide. 
c Thc recovery from 3 ml. whole blood was taken as 100%. d Cells 
reprcsent erythrocytes and leukocytes. 


The unknown blood samples from patients were fractionated 
similarly into cells and plasma. Each fraction was diluted with 
saline to  the original blood volume (based on hematocrit value) 
and assayed in 3-nil. aliquots for free and total metabolites. 


RESULTS 


Extractibility from Blood Fraction.-The relative extractibility 
of various chlorpromazine metabolites from blood and its fractions 
varied. Figure 2 shows the percent recovery of representative 
chlorpromazine nietaliolites from the whole blood, the plasma, and 
the cells. The solvents and conditions for extraction were those 
described earlier (6). In general, the order of extractibility was: 
plasma > cells > whole blood. The differential factors of extracti- 
bilities obtained in these experiments were used to correct the 
values of metabolite recoveries in all addition and unknown blood 
samples. 


Time Course of Erythrocyte Sequestration-The added rnetab- 
olites appear to combine with cells rapidly, reaching a saturation 
plateau within 1 S 3 0  min. (Fig. 3). Therefore the incubation time 
used in all addition experiments was 30 min. 


Free Metabolile Loc:rlization-~dditiorr l.lxperiments-The per- 
cent recoveries of various chlorpromazine metabolites from 
plasma, cells (red and white), and platelets are given in Table I. 


300 


250 


K? 2 200 
0 
(r 
0 > 
+ z 
W 
0 
(r 


150 


2 100 


50 


0 


WHOLE BLOOD 


PLASMA 
Q CELLS 


T 


A C D 


Figure 4- Relufire errzymutic lrydrolyses of the cortjitgutes o j  rc'pre- 
setitatice metabolites n'lieii preseitl in the blood aird its fructiotis. Key: 
A, 7-kydro.ry; B, 7-hydroxydidesmetliyl; C, 7-liydroxytirotrodes- 
methyl srtlfoside; and D, 7-lrydroxydidesmethyl suljbside. All are 
conjugated iierimtioes of chlorpromaiilre. 


Significant concentrations (>SO%) of the metabolites were localized 
in the cell fraction. 


Patient Data-Table I1 includes the free metabolite concen- 
trations found in whole blood, plasma, and cells of the blood 
samples obtained from chronic schizophrenic patients receiving 
oral chlorpromazine therapy. These results appear to be in agree- 
ment with the in uitro addition data. However, there seems to be 
no clear correlation between the administered dose of chlorpro- 
mazine and the levels of its metabolites. 


Conjugated Metabolites-Hydrolysis Rates- -Known amounts of 
the isolated conjugates of chlorpromazinc metabolites(6) were added 
separately to the blood and its fractions (cells qnd plasma), and the 
enzymatic hydrolysis was performed on the samples. Figure 4 
shows the relative degrees of hydrolyses of various representative 
conjugated metabolites of chlorpromaziiie when in plasma. cells, 
and whole blood. Generally, the order 0 1  hydrolyses rates appeared 
to he: plasma > cells > whole blood. 


Addition Data--Table I11 gives the distribution of the added 
conjugates in the cells and plasma. All of the assayable conjugates 
were distributed in the cell fraction, but the telative proportions 
compared to the plasma concentrations were smaller In all cases. 


Table 11-Distribution of Free Chlorpromazine Metabolites in the Blood Fractions of Schizophrenic Patientsa 


Daily 
Dose, 


Patient mg. Sample 


B.L. 400 Blood 


C.M. 600 Blood 


Plasma 
Cells 


Plasma 
Cells 


Plasma 
Cells 


Plasma 
Cells 


Plasma 
cells 


E.P. 1000 Blood 


L.M. 1200 Blood 


C.H. 1600 Blood 


Metaboliteb - 
M-1 M-2 M-3 M-4 M-5 M-6 M-7 M-8 M-9 M-10 


NDc ND ND 150 333 ND ND 82 34 36 
ND ND ND 100 217 ND ND 26 ND ND 
ND ND ND 83 183 ND ND 34 ND ND 
400 ND ND 183 426 ND ND 234 41 70 


50 N D  ND 83 213 ND ND 46 ND ND 
285 ND ND 104 176 ND ND 75 33 52 
300 66 ND 229 92 140 ND 59 50 84 
140 ND ND 83 39 83 ND ND ND ND 
165 ND ND 133 46 50 ND 41 ND ND 
293 134 175 75 229 ND 55 42 50 44 


22 117 ND 20 20 ND ND 100 42 71 
24 ND ND 150 108 108 50 140 ND 47 


253 ND 233 392 250 433 ND 83 58 78 
161 N D  92 125 117 200 ND 25 ND ND 
200 ND 192 292 200 250 ND 50 42 53 


(1 The values of a s m  and cclls arc expressed so as to represent the concentrations present in nanograms in volumes of these blood fractions 
obtdincd from 1 mflof I J ~ o o ~ .  Thc values of whole blood are also those contained in 1-ml. volume. b See Table I, Footnote b. for identification of 
chlorpromazinc metabolitcs. c ND = nondctectablc quantity. 
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Table III-Distribution of Added Conjugates in Plasma and Packed Erythrocytes 


--Concent ration, mcg./ml. P Ratio of 
< -Plasma --------Cells (Packed Volume)-- Conjugates 


Metabolitea Freeb Total Conjugate Free Total Conjugate (Plasma-Cells) 


M-1 ND 5.000 5.000 ND I .  133 1.133 4.41 
M-3 ND 5.250 5.250 ND 0.633 0.633 8.29 
M-4 ND 0.999 0.999 ND 0.333 0.333 3.00 
M-5 ND 8.333 8.333 ND 1 666 1.666 5.0i  
M-7 0.208 1.666 1.458 0.192 0.233 0.041 35.57 
M-8 0.250 5 .  COO 4.750 0.250 2.345 2.095 2.31 
M-9 0.275 6.000 5.725 0.125 1.750 1.625 3.52 
M-10 0.592 1.666 1.079 0.595 1.460 0.865 1.23 


~ ~~ 


See Table I, Footnote 6, for identification of chlorpromazine metabolites. b Assay for free metabolites was necessary since the isolated conju- 
gated metabolites used in  these addition experiments invariably contained small amounts of free metabolites. 


The plasma-cell concentration ratio varied for different conjugates 
but was always greater than one. 


Patient Data-Table IV includes the data on disposition of the 
conjugated chlorpromazine metabolites in the blood fractions of 
chronic schizophrenic patients. Also included are the concen- 
trations of the individual free metabolites. There appeared to be no 
correlation between the patient data and the in uitro addition data 
on the conjugated metabolites. Nor was there any apparent cor- 
relation between the dose of chlorpromazine given to the patient 
and the relative concentrations of the conjugates in the cells or 
plasma. 


DISCUSSION 


The detailed studies on the disposition of various chlorpromazine 
metabolites in the blood fractions presented in this paper further 
substantiate the previous contention (6) that the whole blood, rather 
than serum or plasma, should be used to determine the circulating 
levels of these metabolites. The contribution of metabolite sequestra- 
tion by the blood cells toward the therapeutic availability of chlor- 
promazine and its metabolites is important, especially when evi- 
dence is accumulating that some metabolites of this drug are 
pharmacologically as active as the parent drug (lo), if not more so. 


The present data indicate a fairly large interpatient variation in 
the pattern of chlorpromazine biotransformation. One patient, for 
example, receiving 1000 mg. chlorpromazine daily showed negligible 
blood levels of the 7-hydroxymonodesmethyl metabolite; but two 
other patients, receiving 400- and 1600-mg. daily doses, contained 
fairly high concentrations of this metabolite in their blood (Table 
IV). Similar variations in the metabolic elimination rates of other 
drugs, such as phenylbutazone, dicumarol, and ethanol, have been 
well documented (11). However, it remains to  be seen whether 
there is any correlation between these metabolic variations and the 
variations observed in the clinical response to  chlorpromazine. 


The presence of significant concentrations of free metabolites 
in the red cells indicates that there may be preferential binding sites 
in the cells, since on the basis of total protein content the plasma 


proteins are of much higher concentration than the cell proteins. 
For the same reason, the relative binding affinity of these cellular 
receptors for the metabolites appears t o  be higher than that of the 
plasma proteins to which at  least chlorpromazine has been shown 
to be boundto anextent of99% (12). 


Since saline washings do not readily displace the metabolites from 
the cells, it appears that the metabolites either enter largely into 
the cells or, if adsorbed, are complexed with the cell membrane 3s 
proposed for chlorpromazine by Seeman (13, 14). The erythrocyte 
membrane structure, as observed under an electron microscope, re- 
mains largely intact even at  the time of hemolysis (14). Therefore, 
during hemolysis the drug molecules, if incorporated into the mem- 
brane, would remain with the cell membrane fraction. If this mem- 
brane incorporation holds, the binding would be fairly strong so 
as to  resist displacement by washing, but one would not expect 
any significant concentrations in the content of the red cells. In 
these studies, however, relatively high concentrations of the se- 
questered metabolites were found in the hemolysates. It is quite 
possible that chlorpromazine is localized only on the cell membrane, 
whereas metabolites find entry into the cell. Further studies t o  
establish the exact location of chlorpromazine and its metabolites 
are currently in progress in these laboratories. 


Maren et al. (15) observed that the carbonic anhydrase inhibitor, 
acetazolamide, required 1 hr. for optimum appearance in the eryth- 
rocytes. Since this enzyme is located inside the cell, the inhibitor 
may be presumed to have entered the cell. The acetazolamide con- 
centration in the erythrocytes was independent of plasma concen- 
tration. Also, it could not be easily displaced from the cells by 
washing. 


The chlorpromazine metabolites would appear to resemble 
acetazolamide because these compounds are also preferentially 
localized in the erythrocytes and not easily displaced by washings. 
However, the rate of their sequestration by the cells is faster (15- 
30 min.) than that of acetazolamide. Just how this entry into the 
cells takes place and the exact nature of binding are not known. 


The conjugated metabolites were also found in the cell fraction. 
This is somewhat contrary to  the general belief that conjugates, 
which are less lipid soluble, more polar, and therefore readily ex- 


Table IV-Distribution of Free and Conjugated Chlorpromazine Metabolites in Nanograms per Milliliter of Plasma and Erythrocytes of 
Schizophrenic Patients Receiving Chlorpromazine 


< -Patient B.L.Q 7 ,  Patient E.P.-- - ----Patient C.H.---- 
,--Plasma-- --Cells---- ---Plasma--- -Cells-----. --Plasma---- --Cells--- 


Metabo- Conju- Conju- Conju- Conju- Conju- Conju- 
lite* Free gated" Free gated Free gated Free gated Free gated Free gated 


M- 1 ND ND ND ND 296 51 368 0 ND NI> 276 285 
M-2 ND ND ND ND ND ND 11 0 84 I92 90 439 
M-3 42 46 93 119 N D  ND ND ND 150 198 26 1 0 
M-4 184 121 203 41 159 363 290 119 111 40 111 154 
M-5 367 0 447 0 ND 247 109 304 999 339 965 378 
M-6 ND ND ND ND 154 43 91 39 ND 90 ND 15 
M-7 ND ND ND ND ND ND ND ND ND 74 ND 90 
M-8 30 12 41 162 ND 201 ND ND ND NI> ND N D  


ND NI> ND ND M-9 ND ND ND ND 28 9 33 0 
M-10 ND ND ND 41 ND 46 33 10 ND NI> ND ND 


Q Patients: B. L., dose 400 mg./day, hematocrit 41 %; E. P., dose 1000 mg./day, hematocrit 46%; and C. H,., dose 1600 mg.,/day, hematocrit 50%. * See Table I, Footnote 6, for identification of chlorpromazine metabolites. c Conjugated metabolites werc obtained by subtracting free levels from the 
total. Zero values mean that the total concentrations were the same as free. 
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creted, do not penetrate biological membranes (16). It is, however, 
known that specialized transport mechanisms for endogenous 
glucuronides exist in the kidney and the liver (17). In  view of the 
present findings relative to erythrocyte sequestration, it is tempting 
to suggest that the same o r  similar transport mechanisms may be 
involved in actively ti,ansporting the conjugated inetabolites across 
the erythrocyte and possibly even other biological membranes. 


Supporting this contention is the ubiquitous existence of p- 
glucuronidase in tissues. the reason for which remains unexplained. 
Could i t  be that the active transport system controlling the transfer 
of glucuronides across the cell membranes is coupled with the p- 
glucurcnidase system’! It is conceivable that following the active 
transport of the conjugated molecules, for examplc a t  the biophase, 
there is an  instantaneous hydrolysis and thus liberation of the drug 
or metabolite molecules which may then exert their pharmacological 
effect. Studies now i n  progress are aimed at investigating the validity 
of the belief that conjugation may have important biological signif- 
icance in membrane transport of pharmacologically active molec- 
ular species. The preliminary data on human subjects indicate that 
the urinary elimination of the conjugated ehlorpromazine metabo- 
lites was significantly inhibited by penicillin which is known to 
he actively secreted by the tubular cells. 
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Micelle Formation and Testosterone 
Solubilization by Sodium Glycocholate 


LEO MARTIS*, NATHAN A. HALL*, and ARVIND L. THAKKARtA 


Abstract 0 Surfacc tension and light-scattering studies on aqueous 
solutions of sodium glycocholate gave CMC values of 0.0129 and 
0.01 38 mole/l., respectively. Light-scattering studies in 0.1 M NaCl 
gave a weight-averagc micellar weight of about 1950, indicating that 
four monomers of glycocholate aggregate to form the primary 
micelle. Preferential broadening of the angular methyl signals in the 
NMR spectra suggests that glycocholate micelles are formed by 
back-to-hack hydrophobic association of the steroid nuclei. The 
signal due to the glycine rnethylenc protons in the hydrophilic re- 
gion of the molecule showed little broadening. Solubility studies 


Pharniaceutical systems have involved surfactants 
for many years. Such agents show grossly similar chemi- 
cal characteristics, typified by hydrophobic and hydro- 
philic portions of‘ their molecules. Bile salts, however, 
differ both in  chemical structure and colloidal behavior 
from the conventional surface-active molecules. The for- 
mation of micellcs in  thc case of bile salts is not as abrupt 
as in  the case of ordinary association colloids. Ekwall 


showed that testosterone is solubilizcd by glycocholate below the ap- 
parent binary CMC. The solubilizing capacity is quite low. The 
complex association between testosterone and glycocholatc suggests 
mixed micelle formation. 


Keyphrases U Sodium glycocholate micellar properties, deter- 
mination of CMC, solubilization of testosterone 0 M icelle fornia- 
tion,sodium glycocholate - -determination of CMC. solubilization of 
testosterone 0 Testosterone-solubilization by sodium glycocholate 
0 Solubilization-testosterone by sodium glycocholate 


et a/.  ( I )  showed that the micelle formation for different 
bile salts passes through introductory association stages. 
The concentrations at which these steps take place are 
determined mainly by the number of hydroxyl groups 
in the bile acid molecules. Small ( 2 )  and Carey and 
Small (3) studied the properties of bile salt solutions 
and reported that trihydroxy bile salts form very small 
micelles at all concentrations while dihydroxy bile salts 
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the stimulating electrodes. Respiration and arterial 
pressure were charted on a direct-writing polygraph. 
In all bilaterally vagectomized dogs, centripetal 


electric stimulation (0.1--0.3 ma.) of either vago- 
sympathetic trunk at  the cervical level always resulted 
in a systemic arterial pressor response and apnea. 
In Fig. 1, it can be seen that vagal afferent stimulation 
similarly produced a rise in the femoral arterial pressure, 
whereas stimulation of the peripheral end of the 
sympathetic portion of .the trunk with comparable 
stimulus parameters had no effect on the systemic 
pressure. The apnea induced by vagal afferent stimu- 
lation was absent on stimulation of the sympathetic 
efferents. A functional verification of the nature of the 
fiber groups is also afforded by the fact that this same 
stimulus produced dilatation of the ipsilateral pupil 
only when applied to the fiber bundle that was visually 
specified to be the afferent portion and that subserved 
the pressor response. This latter observation is in com- 
plete accord with the classical findings of Harper et al. 
(6) .  
In view of the anatomical isolation of the sympa- 


thetic fibers produced in the cervical regions of our 
dogs, the conditions were not present for the effectation 
of sympathetic influences in the blood pressure. There- 
fore, it is concluded that the pressor response to  central 
vagosympathetic trunk stimulation in the dog is via 
the vagal afferent and not the cut end of the sympathetic 
efferent. This conclusion is supported by the recent 
publication (7) in which polygram sections depicted 
that electrical stimulation of the cephalic end of the 
dorsal and/or ventral abdominal vagus in the dog raised 
the femoral arterial pressure and that this response was 
abolished by surgical interruption of the vagal afferents 
at the cervical level. Application of the same stimulus to  
the proximal end of the cut cervical vagus produced the 
pressor response induced by central stimulation of the 
abdominal vagi prior to section. In sum, it is con- 
cluded that both the apneic and arterial pressor re- 
sponses to central vagal stimulation are reflexes sub- 
served by afferent limbs within the vagi and not the 
cut ends of the sympathetic element. 
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Cryptopleurine, an Active Antiviral 
Alkaloid from Boehmeria cylindrica (L.) Sw. 
(Urticaceae) 


Keyphrases 0 Boelzmeriu cylitzdrica (L.) Sw.-antiviral alkaloidal 
extract 0 Cryptopleurine-isolation from Boehmeria cylindrica, 
antiviral activity 0 Medicinal plants-isolation of cryptopleurine 
from Boehmeria cylindrica, antiviral activity 0 Antiviral activity- 
cryptopleurine from Boehmeria cylindrica 


Sir : 


As a result of a screening effort to  determine the 
biological effects of native plants, a defatted ethanol 
extract of Boehmeria cylindrica ( L . )  Sw. was found to 
exert a marked inhibitory effect against several viruses in 
tissue culture experiments. Concurrently, similar ex- 
tracts were shown to  elicit a significant cytotoxic effect 
against Eagle’s 9 KB carcinoma of the nasopharynx in 
cell culture (1). Subsequent phytochemical studies 
resulted in the isolation of three alkaloids, one of which 
was identified as 3,4-dimethoxy-w-(2’-piperidyl)aceto- 
phenone (I). The others were cryptopleurine (11) and 
a base, obtained in very small amounts, which was sug- 
gested to be the secophenanthroquinolizidine (111). Only 
I1 was obtained in sufficient quantity for biological test- 
ing, and it was found to be highly active against the 9 
KB carcinoma, exhibiting an ED5, of 7.8 X and 
2.6 X 10-5 mcg./ml. in replicate tests (1). 


At this time we would like to report that I1 is also 
responsible for at  least a part of the antiviral activity 
observed in tests with crude extracts of B. cylindrica. 


Cryptopleurine (4.5 mg.) was dissolved in 10.0 ml. of 
1 % (w/v) citric acid aqueous solution. Enough distilled 
water was added to an aliquot of 0.1 ml. of this alkaloid 
concentrate to make 100 ml. In this way, Solution A 
(4.5 X mcg./ml.) was prepared for testing. 


OCH, 


I11 


1 Authentication of the plant material yielding I1 was previously re- 
ported (1). 
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African green monkey kidney cells were used in the 
studies?. The stock solution of cells was diluted so that 
1.0 ml. of cell suspension contained from 80,000 to 
100,000 cells. One milliliter of the prepared cell suspen- 
sion was then seeded into 8-cm. long tissue culture tubes. 
The growth medium contained 10% of fetal bovine 
serum and 1 of SV-40 antiserum. Normally the cells 
grew to a full  sheet in 8-10 days when they were used in 
the experiments. 


Coxsackie B-5 and polio type I viruses were used as 
examples of RNA viruses, and herpesvirus hominis was 
used as an example of a DNA virus. Virus units of 10 
and 100 were tested simultaneously. The cryptopleurine 
solution was tested for cytotoxic effects; by diluting it to 
10-5, the solution was devoid of appreciable cytotoxic 
effects and was suitable to carry out all experiments. 
Three types of inoculation of the African green monkey 
kidney cell medium were performed. 


In the first experiment, 0.2 ml. of virus (10 and 100 
units, respectively) and 0.8 ml. of Solution A diluted 
10-5 were mixed prior to inoculation of the cells. In the 
second experiment, the cell suspension was covered with 
1.0 ml. of Solution A diluted for 2 hr. prior to in- 
oculation with each test virus. In the third experiment, 
the cell suspension was covered with 1.0 ml. of 
Solution A diluted allowed to stand for 3 
days, and then inoculated with the virus. The tubes 
were observed daily and the results were recorded. After 
2-4 days, when a 3-44 cytopathogenic effect of the 
virus control was observed, the experiment was termi- 
nated. 


? A suspension of cells was obtained from the BBL Laboratories 


B O O K S  


Solution A diluted gave complete cytopatho- 
genic effect protection against 10 units of herpesvirus 
hominis and partial protection against 100 units of the 
virus when the conditions of the third experiment were 
employed. No protection against the cytopathogenic 
effect was observed with any of the viruses under the 
conditions of the first two experiments nor with polio 
type I or coxsackie B-5 viruses under the conditions 
of the third experiment. 


It appears that cryptopleurine is active only against 
herpesvirus horninis of the three viruses tested with 
exposure to the African green monkey kidney cell 
suspension for 3 days prior to exposure to the virus. 
The mechanism of the antiviral effect of cryptopleurine 
against herpesvirus horninis will be the subject of future 
investigations. 


(1) N. R.  Farnsworth, N. K .  Hart, S. R .  Johns, J. A. Lamberton 
and W. Messmer, Awrr. J .  Clretn., 22, 1805(1969). 
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REVIEWS 


Laboratory Animals-An Annotated Bibliography of Informational 
Resources Covering Medicine-Science (Including Husbandry)- 
Technology. Edited by JULES S. CASS. Hafner Publishing Co., 
Inc., 866 Third Ave., New York, NY 10022, 1971. vi + 250 pp. 
22 X 28.5 cm. Price $14.95. 
Three separate compilations of articles related to laboratory 


animals make up this book. As a source book, the value and ease of 
use are diminished by the way the book is presented. 


The original compilation is on pages 1-1 36; the first supplement 
starts on another page 1 and continues through page 148. The 
indexes to the first two compilations start on page 149 and go 
through page 250. The third compilation starts on a third page 1 
and ends on page 42, with its own index on pages43-60. 


The first two compilations go through early 1963. The third 
compilation was apparently prepared in 1970; however, it includes 
a number of items listed in the previous compilations. 


Each compilation is broken down into a number of areas of 
interest. Complete bibliographic information is included and an 
abstract summarizing the article is presented. 


It appears to be a good reference source for articles on various 
aspects of the use of laboratory animals, at least through early 
1963. 


Stuff Reciew 


The Use of Cannabis. Report of a WHO Scientific Group. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th S t . ,  N.W., 
Washington, DC 20036. 47 pp. 16 X 24 cm. Price $ 1  .oO. 
The recent advances in cannabinoid chemistry are discussed and 


the historical trends in the use of Cannabis in various parts of the 
world are outlined. Current knowledge of the effects of Cannabis on 
man is reviewed and research needs are suggested. 
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TECHNICAL ARTICLES 


Simulation Device for Preliminary Tablet Compression Studies 


JOHN E. REES’, JOHN A. HERSEY*, and EWART T. COLE 


Abstract 0 A system was designed to simulate the double-acting 
compression etTect of rotary tableting machines commonly used to 
prepare pharmaceutical compressed tablets. The device was con- 
structed for use with a universal mechanical testing instrument, but 
the principle could also be applied to other types of compressing 
equipment including a modified reciprocating tablet machine. The 
double-acting compression is achieved by controlled downward 
movement of the die at a slower rate than the simultaneous down- 
ward movement of the upper punch. Adjustable components also 
allow control of: (a )  the rate of loading, (6) the relative rate of 
movement of the die and upper punch, (c)  the time at which move- 
ment of the die commences, ( d )  the depth of compression in the 
die, and ( e )  precompression of the powder bed. These controls 
permit simulation of a range of machine settings for different types 
of rotary tablet presses. 


Keyphrases 0 Tablet compression-preliminary testing, simulation 
of double-acting compression cycle of a rotary tableting machine 0 
Rotary tableting machine-simulation device for preliminary 
tablet compression testing Compression, tablets-preliminary 
testing, rotary tableting machine simulation device 


Since the investigations of Shotton et al. (1) and 
Knoechel et al. (2, 3), there has been much interest in 
the instrumentation of rotary compression machines 
used for the manufacture of pharmaceutical com- 
pressed tablets. 


In preformulation studies and during the early 
stages of development of tablets, the compression 
behavior of substances is often insufficiently well de- 
fined to compress the material on precision equipment 
such as a rotary machine. Also, sufficient quantities of 
a new drug substance may not be available at the ap- 
propriate time for such large-scale investigations. 
Preliminary studies, therefore, are often carried out 
using a single-acting press or a reciprocating tableting 
machine in which the compression conditions differ 
from those of a rotary machine with respect to factors 
such as friction effects at the die wall and stress distri- 


bution in a compact. It is often difficult to relate the 
results of these preliminary trials to the subsequent 
behavior of the material on a rotary machine. 


This report describes a system (4) which is used with 
a single-acting mechanical press to simulate the double- 
acting compression cycle of a rotary tableting machine. 


OPERATING PRINCIPLE 


A diagram of the simulator is shown in Fig. 1. It was designed 
principally for use with a universal mechanical testing instrument’ 
as in Figs. 2 and 3, but many of the design features allow the sys- 
tem to be used in conjunction with other types of mechanical and 
hydraulic compressing equipment or with a modified reciprocating 
tablet press. 


A rotary tablet machine is double acting; consolidation of the 
compacted material occurs in a die between upper and lower 
punches, which move toward each other between compression 
wheels (Fig. 4). To simulate this effect using a single-acting press in 
which movement of only one component occurs, such as the upper 
punch, this movement must be translated also to a second com- 
ponent of the system, such as the lower punch. However, since the 
principal load-bearing components of such a compression train 
are the upper and lower punches, it is mechanically simpler to fix 
the punches to the upper and lower platens of the compressing 
equipment. For this reason, in the device described the double- 
acting compression is achieved by controlled downward movement 
of the die at a rate proportionately less than the downward dis- 
placement of the upper punch. The resulting compression effect 
is the same as if the die were fixed and the lower punch moved up- 
ward at a controlled rate equal to, greater than, or less than the 
downward movement of the upper punch. The system selected also 
simpiifiesthe measurement of compaction and ejection forces using 
the Instron machine’. 


DESIGN DETAILS 


The schematic diagram of the simulator (Fig. 1) shows the ap- 
paratus assembled with 33-mm. diameter plane-faced compression 
tooling (A, B, and C) from a rotary tablet machine2. The upper and 


1 Model TTDM, Instron Corp., Canton, Mass. 
* Stokes DS3, F. J. Stokes Corp., Philadelphia, Pa. 


Vol. 61, No. 8, August 1972 0 1313 







X 7 


Figure 2-Photograph of the simulator. The 10-cm. square white 
tiles in the background indicate the dimensions of the equipment. 


Figure 1-Schematic diagram of the apparatus to simulate the double- 
acting compression effect of a rotary tableting machine. Key: upper 
diagram, vertical section; and lower diagram, plan view of a section 
through XY. 


lower punch holders and the die assembly are so constructed that 
by using appropriate sleeves and distance pieces, alternative tooling 
from other types of presses can be installed. 


The lower punch (C) is located by a sleeve in a guide (M) and 
supported on a load cell (Q). The guide (M) also acts as a support 
block for the die. Using the adjustable support cylinder (H), the 
height of the lower punch can be controlled. The entire lower 
punch assembly is rigid, being attached to a base plate (I) which is 
bolted t o  the stationary lower crosshead of the Instron. 


The upper punch is held in a rigid assembly (G) which is fixed 
to a support plate (D) bolted to the underside of the Instron’s 
movable crosshead. 


A cylindrical guide (K) is supported on four pillars (J) which are 
welded diagonally to  the corners of the rectangular base plate 
(I). This guide cylinder locates the upper punch holder (G) and, 
therefore, ensures correct alignment of the upper punch with the 
die. Centration of the die is achieved by a second guide cylinder (L) 
which is attached to the same four pillars (J). Inserted in the upper 


surface of this guide cylinder (L) is a sealing gasket which prevents 
dust from contaminating the contact surface with the die support 
block (M). 


Also fixed to the movable crosshead are two vertical struts (E). 
The telescopic construction enables their lengths to be altered, and 
the points of attachment to  the support plate (D) on the crosshead 
are also adjustable in a horizontal track. The die support block 
(M) rests on a table (S) which is supported by two telescopic pillars 
(P) containing plate springs. 


Powder is introduced manually into the die cavity. As the upper 
punch (A) moves downward to  compress the powder, the lower 
end of each vertical strut (E) contacts a lever arm (F). Each lever 
pivots about a fixed axis (R) in an extension of the stationary guide 
cylinder (L) which is welded to the four rigid support pillars (J). 
The two levers (F) rest on roller bearings (0) which are in contact 
with the table (S) carrying the die support block (M). The roller 
bearings (N and 0) reduce friction at the points of contact during 
movement of the lever arm (F). As the extremity of each lever is 
depressed by the vertical strut (E), downward displacement of the 
table (S) causes the die to  move downward. The point of contact 
between the struts (E) and the upper surface of each lever arm (F) 
can be altered by symmetrical adjustment of the horizontal posi- 
tion of the two struts. This controls the relative rate of movement 
of the upper punch with respect to the die. 


Symmetrical adjustment of the length of both struts (E) controls 
the time at which downward movement of the die is initiated. 


During the compression cycle, the force on the lower punch 
is measured using the load cell (Q). After compacting the powder 
to the required pressure, the upper punch is raised using the “rapid 
return” control of the Instron. A cylindrical distance piece is then 
placed between the die (B) and the lower surface of the upper punch 
holder (G). Downward movement of the crosshead supporting 
the upper punch holder then ejects the compact from the die by 
forcing the die downward past the lower punch. The ejection force 
can be monitored using the load cell (Q) which supports the lower 
punch (C). 
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POTENTIAL APPLICATIONS 


The simulator is primarily of use in preformulation studies to 
characterize the compression properties of single substances and 
in preliminary formulation experiments, for example, to assess the 
required quantities of excipients such as lubricants. For these pur- 
poses, instrumentation of the apparatus to monitor compression 
forces, ejection force, and punch displacement is much less com- 
plex than with a rotary tableting machine. 


An alternative application of the device is the preparation of 
small quantities of tablets for which special precautions are neces- 
sary. For example, when compressing tablets containing radio- 
active marked substances for tracer studies, large-scale equipment 
such as a rotary tableting machine is often unsuitable. 


Differences between various types of rotary machines may be 
caused by the interaction of factors such as the rate of dietable 
rotation, the spacing of dies in the table, the size and relative posi- 
tion of the upper and lower compression wheels, the shape of punch 
cam-tracks, the depth at which tablets are compressed in the die, and 
precompression facilities. To evaluate the effect of these parameters 
using the simulation device, several factors must be variable, 
namely, the rate of compression, the relative rate of punch and die 
movement, the time of onset of die movement, and the maximum 
applied load. 


Although when used with the universal testing instrument the 
maximum loading rates are lower than those of conventional rotary 
tablet machines, the use of the simulation system with other types of 
compressing equipment such as a modified reciprocating tablet press 
permits compression at higher rates. The precise control of loading 
rate that is possible with a universal testing instrument does, how- 
ever, allow investigation of the effect of different loading rates on 
tablet properties. 


During compression on a rotary machine, the strain in the powder 
bed is increasing continually with applied force, but the rate of 
strain is not constant. The strain rate is highest when the punch 
first contacts the pressure wheel; as the punch approaches the point 
of maximum compression, the rate of strain decreases to zero. 


UPPER COMPRESSION - 
-. 


DIE 


Figure &The simulator installed between the stationnry and move- 
able crossheads of the universal testing instrument. In front of the 
stationary lower crosshead is the cylindrical distance piece used to 
depress the die during ejection of tablets. 


Figure &The compaction cycle of a rotary tableting machine. Key: 
a,  compression; and b,  ejection. 


To simulate this effect with a hydraulic or mechanical press, 
the rate of movement could be programmed according to the par- 
ticular rotary machine setting to be simulated. In practice, as shown 
in Fig. 4, the arc through which the punch moves in a rotary ma- 
chine is only a fraction of the pressure wheel's total circumference. 
Especially with a large pressure wheel, this arc is almost linear. The 
approximation involved in utilizing a constant rate of strain is 
small. 
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Interaction of 3,4-Benzpyrene with Monomolecular Films 


A. FELMEISTER*, D. TSAIt, and N. D. WEINERt. 


Abstract 0 The interactions of the carcinogenic hydrocarbon, 3,4- 
benzpyrene [benz(a)pyrene], with cholesterol, phospholipid, pro- 
tein, and lipid-protein films were investigated. Whereas the inter- 
action between 3,4benzpyrene and cholesterol was weak, the inter- 
action between the carcinogen and dipalmitoyl lecithin was very 
strong, as determined from surface pressure-surface area data. 
The extent of the interaction between the phospholipid and 3,4- 
benzpyrene was dependent on the mole fraction of each component 
in the film. 3,CBenzpyrene was shown also to interact strongly 
with protein films and mixed lipid-protein films. In the case of the 
latter films, the extent of interaction was dependent on whether 
or not the lipid was first allowed to interact with the protein before 
the carcinogen was added. The biological significance of these data 
is discussed. 


Keyphrases 0 3,CBenzpyrene-interaction with various mono- 
molecular films, biological significance 0 Monomolecular films- 
interaction of 3,4-benzpyrene with various cholesterol, phospho- 
lipid, protein, and lipid-protein films, biological significance 0 
Carcinogenic hydrocarbons-interaction of 3,4-benzpyrene with 
various monomolecular films, biological significance 


The production of cancer by polycyclic aromatic 
hydrocarbons was reported by researchers more than 30 
years ago (1, 2). Whereas the mechanism of tumor in- 
duction by these agents has not been elucidated, it has 
been suggested that they may interact with the cell 
membrane. These interactions may change the structure 
and permeability of the cell membrane, which can lead 
to  the transformation of the original normal cell into 
another cell which accidently might be a cancer cell (3, 


Monomolecular films represent a relatively simple 
type of membrane model having a well-defined or- 
ganized structure. They provide one of the most con- 
venient and promising methods of studying molecules 
in a fixed orientation, as well as in a single layer where 
orientation can be changed by compression of the 
monomolecular film. As such, they constitute an im- 
portant model system for the study of many natural 
phenomena involving surfaces of an oriented array of 
molecules. 


-Monolayer studies have shown that polycyclic aro- 
matic hydrocarbons interact strongly with compounds 
normally associated with biological membranes, particu- 
larly phospholipids and cholesterol. These interactions 
may result in the formation of two-dimensional solu- 
tions or in the formation of association complexes (5, 
6) .  The biological significance of these observations is 
supported by reports that phospholipids retard, whereas 
cholesterol promotes, the formation and growth of 
tumors when injected simultaneously with certain poly- 
cyclic aromatic hydrocarbons (3,7,8). 


Weiner et al. (9) recently reported on the interactions 
of the carcinogenic hydrocarbon, 3-methylcholanthrene, 
with mixed films of various mole fractions of cholesterol 
and lecithin. Whereas 3-methylcholanthrene was found 
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Figure 1-Surface pressure versus surface nrea per cholesterol mol- 
ecule (*-A) for various mole ratio mixtures of Cholesterol nnd 3,4- 
berizpyrene. Key: cholesterol-3,4-ber1zpyret~e mole ratios: 0, I : 10; 
0, I : I ;  A, 1 : 2 ; 4  1:3;  4 , 1 : 4 ;  and@,3:1 .  


to  interact strongly with cholesterol, its interaction with 
lecithin was minimal. Furthermore, the extent of inter- 
action between 3-methylcholanthrene and cholesterol 
in the mixed films is greatly influenced by the competi- 
tive interaction between cholesterol and the phospho- 
lipid. 


The purpose of this investigation was to  study the 
interaction of the carcinogenic hydrocarbon, 3,4-benz- 
pyrene [benz(a)pyrene], with cholesterol and phospho- 
lipid films. Furthermore, since proteins are an integral 
part of membrane structures, the interactions of 3,4- 
benzpyrene with protein and lipitl-protein films were 
investigated. 


EXPERIMENTAL 


The lipids used in this study, egg lecithin, dipalmitoyl lecithin', 
and cholesterolz, were chromatographically pure. The protein used 


1 Mann Research Laboratories, New York, N. Y. 
2 Eastman Organic Chemicals, Rochester, N. Y. 
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Figure 2-Surface pressure versus surface area (T-A) plots of spread 
j lms  of dipalmitoyl lecitliin alone and in the presence o j  various 
amounts of 3,4-benzpyrene. Key: dipalmitoyl lecithin-3,4-ben.z- 
pyrene mole ratio: 0, I :O;  0, I : ] ,  1:2,  and 1:s ;  A, 2:1;  0, 3:I ;  
W, 4 : l ;  arrdA, 5 :  I .  


was bovine serum albumin3, and the polycyclic aromatic hydro- 
carbon was 3,4-benzpyene4. Organic solvents used in the experi- 
ments were all spectrograde, and all inorganic chemicals used were 
of reagent grade. The water used in this study was deionized by 
being passed through a Bantam demineralizer and was then dis- 
tilled in an all-glass still. Glassware was cleaned in chromic acid 
solution and rinsed in hot distilled water prior to use. 


In the surface balance6 used in these experiments, the Teflon- 
coated trough was removable to  facilitate cleaning. The precision 
lead screw, which drives the reinforced Teflon barrier, allows for 
changes in surface area of the trough as small as 0.0125 cm.2. The 
barrier could be disengaged from the lead screw for rapid sweeping 
of the surface. Surface pressure values were measured by the 
Wilhelmy plate method (10). The platinum plate, roughened to en- 
sure wetting, was suspended from a torsion balance6. The balance 
can measure surface tension changes of 0.1 dyne/cm. 


The trough was filled with distilled water for experiments utiliz- 
ing lipid films or with phosphate buffer (pH 7.2) for experiments 
utilizing protein or lipid-protein films. The surface was then swept 
several times with the barrier to clean it, and suction was used to  
adjust the level of the subphase and to remove any remaining traces 
of dust or other insoluble contaminants. 


The platinum plate was then lowered into position and allowed 
to remain beneath the surface while the films were applied from 
their appropriate spreading solvents with the aid of an Agla mi- 
crometer syringe. This syringe can deliver accurately volumesassmall 
as 0.001 ml. Generally, 0.07 ml. of the spreading solution was ap- 


Pierce Chemical Co., Rockford, Ill. 
4 Aldrich Chemical Co., Milwaukee, Wis. 


Frater Instrument Co., Corona, N. Y. 
6 Bethlehem Instrument Co., Bethlehem, Pa. 
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Figure 3-Increase in area per molecule of dipalmitoyl lecithin in the 
presence of various amounts of 3,4-benzpyrene (AA) versus mole 
fraction of 3,4-benzpyrene for mixed dipalmitoyl lecithin-3,4-benz- 
pyrene films. 


plied onto the subphase by allowing small drops to fall from the 
syringe held a few millimeters away from the subphase surface. n- 
Hexane was used as the spreading solvent for cholesterol films, egg 
lecithin films, 3,4-benzpyrene films, and the various mixed films of 
these components. An ethanol-n-hexane mixture ( 5  :95 v/v) was 
used as a spreading solvent for dipalmitoyl lecithin films and various 
mixed films containing dipalmitoyl lecithin. 


Solutions of bovine serum albumin were spread by the method of 
Trurnit (11, 12). The method consists of allowing the drops to  fall 
at  a slow, steady rate onto the hemispherical top of a clean glass rod 
placed in the trough. The syringe was always held directly above the 
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Figure &Surface pressure versus surface area per lipid molecule 
(x-A) for I : 1 dipalmitoyl lecithin (DPL)-cholesterol firms alone and 
in the presence of various amounts of 3,4-benzpyrene. Key: toial 
lipid-3,4-benzpyrene mole riitio: 0, 1:O;  0, I : I ;  A, 2:1; and 0, 4 : l .  







TROUGH AREA, % 


Figure 5-Surface pressure versus percent trough area (100% = 


I rn.=/mg. of bovine serum albumin) for boaine serum albumin films 
alone and in the presence of various amounts of 3,4-benzpyrene. Key: 
0, no 3,4-benzypyrene; 0, 0.0132 mg. 3,4-benzpyrene; and A, 0.0264 
mg. 3,4-henzpyrene, 


top of the glass rod, which was positioned so that it could remain in 
place during the compression cycle. The spreading solution con- 
sisted of 45 mg. protein/100 ml. phosphate buffer (pH 7.2). The 
amount spread corresponded to a surface area of 1 m.Z/mg. protein 
at the full trough area. In experiments using protein-carcinogen 
mixed films, 5 min. was allowed to elapse before the 3,4-benzpyrene 
was spread over the bovine serum albumin film. 


Mixed films of lecithin-bovine serum albumin were prepared by 
using the Trurnit method to spread the protein onto the previously 
spread phospholipid. Experiments utilizing three-component films 
(phospholipid-protein-carcinogen) were performed by two different 
methods. The first involved spreading the lipid-protein film as 
already described, allowing 5 min. for equilibration, and then 
spreading the carcinogen. The second method involved spreading 
the carcinogen together with the phospholipid (in the same spread- 
ing solvent) and then spreading the protein as previously described. 


In each case, at least 5 min. was allowed for the system to reach 
“equilibrium” before compression was initiated. It is apparent 
that true equilibrium in these systems is not achieved during the 
course of the experiments since the P A  curves are dependent on the 
order of addition of components to the film. However, for each 
system studied, 5-, 15-, and 30-min. equilibration times produced 
identical *-A curves. The area available to the film molecules was 
then reduced in small increments, and surface pressure readings 
were taken 1 min. after each area change. Compression was 
continued until surface pressure no longer changed with area, 
indicating collapse of the film. 


RESULTS AND DISCUSSION 


When the hexane solution of 3,4-benzpyrene was spread alone. 
no surface pressure was obseived upon Compression at all areas 
tested. Since polycyclic aromatic hydrocarbons contain no hydro- 
philic groups, they have no tendency, when alone, to spread at the 
air-water surface (9). 


Figures l a  and l b  show the surface pressure-surface area ( F A )  
plots of spread films of cholesterol alone and in combination with 
various amounts of 3,4benzpyrene. When the various molar 
ratios of the cholesterol-3,4-benzpyrene mixed films were spread, 
the film area per cholesterol molecule slightly exceeded that of 
pure cholesterol at low surface pressures, indicating that the hydro- 
carbon interacts with cholesterol. The areas per molecule of the 
mixed films containing 1 :3, 1 : 1 ,  and 2 : l  mole ratios (3,4-benzpy- 
rene-cholesterol) a t  pressures near the collapse pressure of the film 
approached that of pure cholesterol itself. This indicates removal 
of hydrocarbon molecules at high pressures from an area-deter- 
mining position to a nonarea-determining position, i.e., to an excess 
phase outside of, but in very close contact with, the film (13). The 
fact that the areas per molecule of the mixed films containing higher 
mole ratios of 3,4-benzpyrene-cholesterol (3  : 1 and 4 : 1) are less 
than that of the pure cholesterol film in the higher pressure region is 
characteristic of mixed films in which the excess component, 3,4- 
benzpyrene, solubilizes the other (14). However, the degree of 
interaction between cholesterol and 3,4-benzpyrene is much weaker 
than that of cholesterol and 3-methylcholanthrene (9). 


Figure 2 shows the s - A  plots of spread films of dipalmitoyl 
lecithin alone and in combination with various amounts of 3,4- 
benzpyrene. At all mole ratios tested, the areas per molecule of 
dipalmitoyl lecithin in the mixed films greatly exceeded those of 
dipalmitoyl lecithin alone at all values of‘ K above 7 dynes/cm., 
indicating a strong interaction between dipalmitoyl lecithin and 3,4- 
benzpyrene. Furthermore, the areas per niolecule at the collapse 
pressure for all of the mixed films were greater than that of di- 
palmitoyl lecithin alone, indicating that :3,4-benzpyrene was not 
completely squeezed out of the film even at high pressures. The 
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Figure 6-Surface pressure versus percent trough area for mixed 
dipalmitoyl lecithin-bovine serum nlbumiti films alone and in the 
presence of 0.0066 mg. 3,4-benzpyrene. Key:  0, no 3,4-benzpyrene; 
0, bovine serum albumin added to dipnlmitoyl lecrtliiii-3,4-beriipyrene 
film; and A, 3,4-benzpyretie added lo dipnlmi/oyl-bocine serum 
albumin film. 
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Figure 7-Surfuce pressure versus percent trough area for mixed 
egg lecithii~-bocine serum albumin films alone and in the presence of 
ourious amounts of 3,4-benzpyrene. Key: 0, no 3,4-benzpyrene; 0, 
0.0066 nig. 3,4-benzpyrene added to egg lecithin-booine serum 
cilbirniin f i lm; A, 0.0132 mg. 3,4-benzpyreiir added lo egg lecithiw 
bovine serum albumin film; und 0, boaine serum albumin added to 
egg lecirhir1-3,4-benzp yrenefilm. 


presence of 3,4-benzpyrene appears to have a condensing effect 
on the dipalmitoyl lecithin monolayers at very low pressures. The 
reason for this effect is uncertain, and a two-dimensional solubiliza- 
tion mechanism is not likely. 


The degree of interaction of 3,4-benzpyrene with dipalmitoyl 
lecithin seems to be quite dependent on the mole fraction of hydro- 
carbon spread at the surface. Figure 3 shows a plot of AA versus 
mole fraction 3,4-benzpyrene for the various mixed films at a sur- 
face pressure of 25 dynes/cm. AA is the area per molecule of the 
mixed film minus the area per molecule of the pure dipalrnitoyl 
lecithin film at 25 dynes/cm. It can be seen that the area per mole- 
cule increases with the addition of 3,4-benzpyrene up to a mole 
fraction of 0.25, after which there is a decrease in area until a mole 
fraction of 0.5 is reached. Further addition of hydrocarbon beyond 
a mole fraction of 0.5 yields superimposable curves. These results 
indicate that the mechanism of interaction is quite complex. One 
possible interpretation of the data might be that at low mole frao 
tions of hydrocarbon, penetration of the carcinogen into the film 
is observed, yielding increased areas per molecule. At higher mole 
fractions of carcinogen, a solubilization effect is observed in addition 
to the penetration effect, causing some of the dipalmitoyl lecithin 
to leave the film. Finally, at a mole fraction of 0.5, equilibrium is 
achieved, and further addition of carcinogen will no longer affect 
the remaining dipalmitoyl lecithin in the film. In any event, the 
interaction between 3,4-benzpyrene and dipalmitoyl lecithin is far 
greater than that of the carcinogen hith cholesterol. 


Mixed films of cholesterol-dipalmitoyl lecithin at different mole 
ratios with various amounts of 3.4-benzpyrene also showed an 
expansion effect (larger areas per molecule in the presence of 3,4- 
benzpyrene). The degree of interaction, as determined by changes 
in the P A  curves, was approximately intermediate to those between 
3,4-benzpyrene-cholesterol and 3,4-benzpyrene-dipalmitoyl lec- 
ithin. A typical curve is shown in Fig. 4. 


The 7r-A curves of mixed films of egg lecithin-3,4-benzpyrene 
were indistinguishable from those of egg lecithin alone, indicating a 
lack of discernible interaction. The reason why dipalmitoyl 
lecithin should interact so strongly with 3,4-benzpyrene while egg 
lecithin shows no interaction cannot be determined from these 
data. However, it was reported (15) that dipalmitoyl lecithin has a 
greater tendency than egg lecithin to engage in intermolecular 
interactions at the air-water surface. 


Figure 5 shows the n-A plots of spread films of bovine serum 
albumin alone and in combination with various amounts of 3,4- 
benzpyrene. In all cases, the mixed films yielded more expanded 
curves than that of bovine serum albumin alone, indicating a sig- 
nificant interaction between bovine serum albumin and the car- 
cinogen. 


Figures 6 and 7 show the P A  curves .for the three-component 
systems (lecithin-bovine serum alburnin+arcinogen). While the 
addition of 3,4-benzpyrene significantly affects the lipid-protein 
n-A curves, the method of addition of carcinogen to the film is 
extremely important. In the first case the carcinogen is added to 
the already formed lipid-protein film. This results in expanded 
curves, indicating that the carcinogen is penetrating into the lipid- 
protein mixed films. In the second case, the carcinogen-lipid 
curves are more condensed than those of the pure lipid-protein 
mixed film curves, indicating that the carcinogen is interfering with 
the formation of the lipid-protein mixed films. This may be due 
to either a competitive interaction, solubilization of the lipid, or a 
combination of these. 


It was reported (16) that 3,4-benzpyrene can interact with proteins 
(hydroxylating enzymes). Since many enzymes are strongly associ- 
ated with lipids (particularly a t  the membrane surface), the mecha- 
nism of action of 3,4-benzpyrene could strongly depend on the 
sequence of events at the biomembrane, i.e., whether or not the 
enzyme was already associated with the lipid prior to exposure to the 
carcinogen. 
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Hormones and Resistance. By HANS SELYE. Springer-Verlag, 175 
Fifth Ave., New York, NY 10010, 1971. xviii + 1140 pp. 17 x 
25 cm. Price $79.40 (two parts, not sold separately). 
This monograph is presented in two parts: (1) History, Chemistry, 


Pharmacology, and Hormonal Agents; and (2) Nonhormonal 
Agents. Clinical Implications, Morphology, Theories, and Synopsis. 
Its purpose, clearly stated in the beginning of the text, is “to examine 
how hormones can influence the resistance of the body to changes in 
its environment.” To this end, the author with a background of 
earlier monograph contributions on diverse but broadly related 
subjects (“stress syndrome,” thrornbohemorrhagic phenomena, 
anaphylactoid edema, calciphylaxis, mast cell, and experimental 
cardiovascular disease) has selected approximately 5OOo relevant 
articles from a worldwide literature base of more than 15,000 refer- 
ences for authoritative review, interpretation, and integration with 
unpublished personal data. The challenge of the assignment was 
approached by use of the analytico-synthetic procedure, a litera- 
ture processing practice applied in the development of earlier mono- 
graphs, which involves generation of analytically objective abstracts 
for use in the synthesis of interpretations, correlations, and sum- 
maries of the available data. Approximately one-half of the mono- 
graph consists of concise and readable abstracts of published and 
unpublished data, deployed in applicable subject sections for con- 
venient reference and assimilation by the reader. Unpublished ob- 
servations of the author are coded by protocol numbers for use as 
references in communicating additional information and published 
data by reference to original articles. The text material, distinguished 
by comparatively large print, allows a reader to develop a rapid 
overview of the subject, which integrates literature with personalized 
but unmatched authoritative views. However, any reader with un- 
limited or limited interest is cautioned about the need for initial 
orientation to special terminologies, concepts, text-table format, 
experimental parameters, statistics, and indexing mechanics, to 
optimize returns from the vast storehouse of experimental data in 
the two volumes. Contents of the monograph include a comprehen- 
sive treatment on catatoxic agents which modify resistance via 
metabolic degradations and/or excretion of potentially toxic sub- 
stances. Applicable background on enzyrnologic studies in the field 
are also provided for interpretative review of the underlying mecha- 
nisms for catatoxic activity. 


The monograph is a most timely compilation on current status 
of the subject based on empirical data of the past 35-year period, 
with promise that a new era of systematic research studies will 
emerge with the challenge of experimental questions raised by the 
available data. I t  will have a broad spectrum appeal in the scientific 
community (pharmacology, toxicology, endocrinology, immun- 
ology, biochemistry, and medicine) by offering a hormonal defense 
concept in modifying the course of disease processes in man. 


Reoiewed by C .  M. Kagawa 
Alcori Laboratories, lnc. 
Forth Worth, T X  76101 W 


The Merck Manual of Diagnosis and Therapy. Edited by DAVID N. 
HOLVEY. Merck & Co., Inc., Rahway, NJ 07065, 1972. 1964 pp. 
12 X 17.5 cm. Price $8.00. 
Initially published in 1899, the “Merck Manual” is a complete 


volume of diagnosis and treatment of virtually all generally en- 
countered diseases. This newest edition contains 110 pages more 
than the previous edition; the book is divided into 25 main sections 
and 351 principal chapters. This edition has been extensively re- 
vised and idcludes several new subjects, an expanded index. and 
more tabular and illustrative material than preceding editions. More 
than 400 prescription drugs are listed in the new edition. 


Staff Review 


International Nonproprietary Names for Pharmaceutical Substances: 
Cumulative List No. 3,1971. World Health Organization, Geneva, 
Switzerland, 1 9 7 1 . 1 8 9 ~ ~ .  15.5 X 24cm. Price$6.00. 
Periodically the lists of proposed international nonproprietary 


names for pharmaceutical substances published in the “WHO 
Chronicle” are compiled. This publication covers the period from 
1953-1971 and contains more than 2700 names. The names are 
given in both their Latin and English forms and are accompanied by 
the systematic chemical name and molecular formula. An index of 
molecular formulas is a new feature added to this cumulative list- 
ing. 


Staff Review H 
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creted, do not penetrate biological membranes (16). It is, however, 
known that specialized transport mechanisms for endogenous 
glucuronides exist in the kidney and the liver (17). In  view of the 
present findings relative to erythrocyte sequestration, it is tempting 
to suggest that the same o r  similar transport mechanisms may be 
involved in actively ti,ansporting the conjugated inetabolites across 
the erythrocyte and possibly even other biological membranes. 


Supporting this contention is the ubiquitous existence of p- 
glucuronidase in tissues. the reason for which remains unexplained. 
Could i t  be that the active transport system controlling the transfer 
of glucuronides across the cell membranes is coupled with the p- 
glucurcnidase system’! It is conceivable that following the active 
transport of the conjugated molecules, for examplc a t  the biophase, 
there is an  instantaneous hydrolysis and thus liberation of the drug 
or metabolite molecules which may then exert their pharmacological 
effect. Studies now i n  progress are aimed at investigating the validity 
of the belief that conjugation may have important biological signif- 
icance in membrane transport of pharmacologically active molec- 
ular species. The preliminary data on human subjects indicate that 
the urinary elimination of the conjugated ehlorpromazine metabo- 
lites was significantly inhibited by penicillin which is known to 
he actively secreted by the tubular cells. 
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Micelle Formation and Testosterone 
Solubilization by Sodium Glycocholate 


LEO MARTIS*, NATHAN A. HALL*, and ARVIND L. THAKKARtA 


Abstract 0 Surfacc tension and light-scattering studies on aqueous 
solutions of sodium glycocholate gave CMC values of 0.0129 and 
0.01 38 mole/l., respectively. Light-scattering studies in 0.1 M NaCl 
gave a weight-averagc micellar weight of about 1950, indicating that 
four monomers of glycocholate aggregate to form the primary 
micelle. Preferential broadening of the angular methyl signals in the 
NMR spectra suggests that glycocholate micelles are formed by 
back-to-hack hydrophobic association of the steroid nuclei. The 
signal due to the glycine rnethylenc protons in the hydrophilic re- 
gion of the molecule showed little broadening. Solubility studies 


Pharniaceutical systems have involved surfactants 
for many years. Such agents show grossly similar chemi- 
cal characteristics, typified by hydrophobic and hydro- 
philic portions of‘ their molecules. Bile salts, however, 
differ both in  chemical structure and colloidal behavior 
from the conventional surface-active molecules. The for- 
mation of micellcs in  thc case of bile salts is not as abrupt 
as in  the case of ordinary association colloids. Ekwall 


showed that testosterone is solubilizcd by glycocholate below the ap- 
parent binary CMC. The solubilizing capacity is quite low. The 
complex association between testosterone and glycocholatc suggests 
mixed micelle formation. 


Keyphrases U Sodium glycocholate micellar properties, deter- 
mination of CMC, solubilization of testosterone 0 M icelle fornia- 
tion,sodium glycocholate - -determination of CMC. solubilization of 
testosterone 0 Testosterone-solubilization by sodium glycocholate 
0 Solubilization-testosterone by sodium glycocholate 


et a/.  ( I )  showed that the micelle formation for different 
bile salts passes through introductory association stages. 
The concentrations at which these steps take place are 
determined mainly by the number of hydroxyl groups 
in the bile acid molecules. Small ( 2 )  and Carey and 
Small (3) studied the properties of bile salt solutions 
and reported that trihydroxy bile salts form very small 
micelles at all concentrations while dihydroxy bile salts 
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form very small micelles at low concentrations but 
much larger micelles at high concentrations. 


Surface tension measurements have not been used 
widely to study bile salt solutions. Early workers failed 
to find well-defined CMC's, probably because bile salts 
free from impurities were difficult to  obtain. Recently, 
however, Kratohvil and DelliColli (4) reported a careful 
study of solutions containing either sodium taurodeoxy- 
cholate or sodium glycodeoxycholate by surface tension 
measurements, supplemented by light-scattering and 
refractometric data. They found these dihydroxy bile 
salts to have quite low aggregation numbers, which 
increased about sixfold in the presence of added electro- 
lyte. These researchers concluded that the observed 
micellar properties were very much like those of other 
typical anionic detergents. 


This study was undertaken to investigate the micellar 
properties of the trihydroxy bile salt, sodium glyco- 
cholate (I), by surface tension and light-scattering 
methods and to supplement the quantitative data thus 
obtained with NMR measurements of a qualitative 
nature. NMR spectroscopy has been applied in recent 
years to the study of micelle formation. This technique 
can provide an insight at  the molecular level regarding 
how certain sites in the monomers interact to  give rise 
lo micellar aggregates. Small et nl. (5) used NMR spec- 
troscopy with several unconjugated bile salts. They 
found that, in aqueous solutions, signals due to the two 
angular methyl groups undergo appreciable broadening 
as the bile salt concentration is increased, indicating 
thereby that bile salt micelles are formed by back-to- 
back association of the steroid nuclei. Spectral studies 
with sodium glycocholate offer an improvement in that 
there are probes in both the hydrophobic and the hy- 
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drophilic regions (11). The two angular methyl groups, 
particularly the one at position 18, and the methylene 
protons in the glycine portion of the molecule can be 
observed for selective linewidth broadening. 


A second purpose of this study was to investigate the 
solubilization of a steroid by the steroidal surfactant, 
sodium glycocholate. Such investigation could be of 
biological and theoretical importance since bile salts 
have been shown to be unusual in their micellar prop- 
erties. Some differences also might be expected in 
solubilized systems. Previous studies (6 ,  7) showed that 
the aqueous solubility of steroids can be enhanced by 
bile salts. In the present study, NMR spectra of glyco- 
cholate solutions saturated with testosterone were also 
examined for evidence of the location of solubilized 
testosterone. 


EXPERIMENTAL 


Materials-Sodium glycocholate', testosterone2, and reagent 
grade sodium chloride and ethanol were used as received. Double- 
distilled water was used for surface tension, light-scattering, and 
solubility studies. Deuterium oxidea (99.7 mole%) was used for NMR 
studies. 


Surface Tension Measurements-Surface tension at the air-water 
interface was measured with a surface tensiometer', employing a 
platinum blade (perimeter 5 cm.) by ihe Wilhelmy plate principle 
(8). Between the measurements, the blade was rinsed thoroughly and 
heated to incandescence in a flame. The measurements were made at  
a constant temperature by circulating water a t  25 f 0.1" around the 
solution container. 


Light-Scattering Measurements--A light-scattering photom- 
eters was utilized for measurement of turbidity at  a wavelength of 
436 nm. The working standard method of Brice e r  ul. (9) was used. 
Square cells (30 x 30 mm.) were employed in determining the 
scattering intensities at  an angle of 90 . The apparatus was not 
equipped with a thermostat, atid all measurements were done at  an 
ambient temperature of about 25'. 


The refractive index increments, A/i/C. were determined with a 
differential refractomer6 at 25 =t 0.1 ' at 436 nm. The apparatus was 
calibrated by the use of standard sucrose solutions (10). 


NMR Studies-Solutions of various concentrations of sodium 
glycocholate were prepared in deuterium oxide, with and without 
0.1 M NaCI. NMR spectra were recorded on a spectrometer7. 
External tetramethylsilane was used as the source of a lock signal. 
The complete spectra were initially scanned, and then signals of in- 


1 A grade, Calbiochem, Los Angeles, Calif. 
9 Nutritional Biochemical Corp.. Clevdand. Ohio. 
3 Merck Sharp and Dohrne, Montreal, Canada. 
4 Rosano, Federal Pacific Electric Co., Newark, N. J. 
5 Brice-Phoenix No. 560. Phoenix Pre1:ision Instrument Co., Philadel- ~. .. ~ 


phia, Pa. 


delphia, Pa. 
6 Brice-Phoenix No. 430, Phoenix Piecision Instrument CO., Phila- 


7 HA-100, Varian Associates, Palo Alto, Calif. 
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terest were recorded three times to obtain the linewidth at  half- 
height. The linewidths thus measured were estimated to be accurate 
to h O . 1  Hz. The normal operating probe temperature was 30 f 1". 


Testosterone Solubility 1)eterminations-To a series of screw-cap 
vials, each containing 10 ml. of sodium glycocholate solution of 
known concentration. sufficient testosterone was added to ensure an 
excess at  equilibrium. The vials were shaken in a water bath shaker 
at  25 f 0.1 for 48 hr. As observed previously (1 l) ,  solubility equi- 
librium was reached after an initial supersaturation because of the 
conversion of the imore soluble, metastable anhydrous form of 
testosterone to the hydrate form ( 1  2). In glycocholate solutions this 
conversion was essentially complete in 48 hr., since there was no de- 
tectable change in the equilibrium solubility value after this time. 
Upon equilibration, the contents of the vials were filtered through 
0.45-p Millipore disks and were analyzed spectrophotometrically 
by relating the peak absorption of the sample to that of a standard 
testosterone solution in ethanol. Peak heights were taken from 
spectral recordings from 300 to 200 nm., since in ethanol the peak 
wavelength shifted about 8 nrn. bathochromically. Samples were 
diluted with ethanol as necessary. Measurement of areas under the 
peak was not practhcal due to interference by the shoulder of the 
glycocholate peak. A spectrophotometer8 and matched cylindrical 
silica cells of 10-mm. light pathlength were used. 


RESULTS AND DISCUSSION 


CMC-Figure 1 shows that the surface tension decreases rapidly 
at low concentrations of jodium glycocholate and remains fairly 
constant above the CMC. Accordingly, the CMC is determined from 
the inflection point of the surface tension uersus log concentration 
curve. A CMC value of 0.0129 mole/l. is obtained from Fig. 1 for 
sodium glycocholate. This value is within the general range of 
CMC values suggested ( I  3) for trihydroxy bile salts. Benzonana (14) 
determined the CMC of sodium deoxycholate by surface tension 
measurements and observed a minimum surface tension at  the 
CMC. This minimum, which cannot be explained therrnodynami- 
cally, is probably due to the impurities that dissolve in the micelle 
( I  5). The absence of such a minimum surface tension at the CMC in 
the present study indicates the lack of surface-active impurities in 
the sample used ( 1  3). 


The determination of CMC by light scattering depends on the 
fact that the scattering power of simple ions and monodisperse 
molecules is negligible compared to that of the same ions in the 
micellar form ( I  6). Thus, the CMC can be determined from a plot 
of turbidity against concentration. Figure 2 represents such a plot 
for aqueous soluiions of sodium glycocholate, from which a CMC 
value of 0.01 38 mole/l. is obtained. This CMC is in the same range 
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as the CMC obtained from surface tension measurement:. The 
agreement of CMC values is an indication of the efficiency of the 
procedure used in clarifying solutions for light-scattering experi- 
ments. 


Micellar Weight Determinations-To estimate the weight- 
average micellar weight, the light-scattering results are plotted ac- 
cording to the usual practice originated by Debye ( 1  6). Figure 3 
represents such a plot of H(C - C,,)/(7 - 7J versiis ( C  - Co), 
where H is a constant, C, is the CMC in grams per milliliter, and 
T and T~ are the turbidities at concentrations C and C,, respec- 
tively, in cm.-'. The constant H i s  given by: 


where t ia  is the refractive index of the solvent, i i  is the refractive 
index of the solution, X is the wavelength of light used, and N is 
Avogadro's number. The intercept of the line H(C - C0)/(7 - 7,) 


wrsiis (C - C,) with the ordinate gives the reciprocal of the weight- 
average micellar weight. Calculation of dissymmetry values for all 
solutions measured indicated. as reported by Hermann (17), that no 
correction of the molecular weight for dissymmetry was needed. 


I f  the micelles are uncharged or carry a small net effective charge, 
little difficulty in the interpretation of Debye's equation is encoun- 
tered. If, on the other hand, the micelles carry a net charge, the De- 
bye plot will have a slope, and the micellar weight calculated from 
such a plot will be less than the actual micellar weight. Figure 3 
shows that the Debye plot for aqueous solutions of sodium glyco- 
cholate, which gives a micellar weight of 699.3, does exhibit an 
appreciable slope. The micellar weight thus obtained should, there- 
fore, be corrected. According to Mysels (18), the reduction in 
micellar weight of charged micelles is about 10-2Opd. The results 
thus indicate that the micelles of sodium glycocholate are small, 
probably no more than two molecules i n  size. 


I t  has been suggested (18) that to get correct micellar weights of 
aggregates in solution, the light-scattering studies should be done in 
the presence of added electrolyte. Figure 3 shows that the slope of 
the plot of values obtained in the presence of 0.1 M NaCl is prac- 
tically zero. which suggests that the effective charge carried by 
micellar aggregates is negligible in the presence of sodium chloride. 
This decrease in charge is due to neutralization of the charge 
carried by sodium glycocholate micelles by physically bound 
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Figure G N M R  spectra of 0.1 M sodium glycocholatc- in: ( A )  
deuterium oxirlr aiid ( B )  50 % ucerone-ds iii deuterium oxide. 


counterions, Na+, adsorbed on the micellar surface. The Debye 
calculations for micellar weight determination are, therefore, more 
reliable from data found in the presence of added electrolyte. The 
micellar weight thus determined is 1951, which corresponds 
to four molecules of sodium glycocholate per micelle. The increase 
in micellar weight in the presence of added electrolyte is in accord 
with polyelectrolyte theory (19). This observation is also consistent 
with other reports (2) regarding the effect of added electrolyte on 
the micellar weight. 


NMR Studies-The high-resolution 1WMHz.  N M R  spectra of 
0.1 M sodium glycocholate in deuterium oxide and in 50% acetone- 
ds (in deuterium oxide) are shown in Fig. 4. Signal assignments are 
based upon comparison with the spectra of cholic acid and other 
bile acids ( 5 )  and of other steroids (20). Because of their proximity to 
the electronegative oxygen and nitrogen atoms on the adjacent car- 
bon atoms, the glycine methylene protons a t  C-26 resonate at  
about 4.2 p.p.m., considerably downfield from the methylene 
protons of the steroid nucleus, 


O L  I I , I 


0.05 0.10 0.15 0.20 0.25 
CONCENTRATION OF SODIUM GLYCOCNOLATE, M 


Figure 5-NMR signal Iiirewidtlis at half peak Iiciglit versus con- 
cenrrrrrion of sodium glycocholate. Key: 0, C-18 methyl protori 
singlet; atid @, C--76 methy/eire protori singlet. 
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Figure 6-Solubilir)- of tcstos!ev~iie versus conccir!raiioii of sodium 
glycochnlute. Key: @, witliout iidded elvctrolyte; aird 0, 01 preseircr 
of 0.1 M NaCI. 


Signals of interest here are the sharp singlets of the methyl 
protons a t  C-18 and C-19 from the hydrophobic portion of the 
molecule and the singlet of the glycine methylene protons from the 
hydrophilic region of the molecule. At a concentration of 0.1 M ,  
glycocholate in deuterium oxide should exist predominantly in the 
micellar form; whereas in 50% acetone-(I,, it should exist mostly 
in the monomeric form. This situation is reflected in the spectra. 
Signals due to the C-18 and C-19 methyl protons are relatively 
broad when the solvent is deuterium oxide, but these are quite sharp 
when the solvent is 50z acetone-dc. The singlet, due to the glycine 
methylene protons, is quite sharp in both solvents. 


The linewidths (at half of the signal height) of the C-18 methyl 
proton singlet and of thc C-26 methylene proton singlets were 
determined as a function of the concentration of sodium glyco- 
cholate in deuterium oxide (Fig. 5). The linewidth of the signal 
from the hydrophobic region of the molecule undergoes greater 
broadening than does the signal from the hydrophilic portion of the 
molecule. Small et 01. ( 5 )  made similar observations with several 
unconjugated bile salts. The linewidth increase is interpreted as 
being due to a specific effect and a general effect. The specific 
effect represents the restricted rotational freedom of the protons 
located in the hydrophobic part of the molecule, whereas the general 
effect reflects the increasingly ordered sclute structure and a con- 
comitant increase in the viscosity of the glycocholate solutions. 
The slight broadening of the C-26 protons can be attributed to this 
latter general effect. The greater preferential broadening of the 
C-18 methyl proton signal supports the proposal that micelle 
formation takes place by back-to-back association of the steroid 
nuclei. 


In the presence of 0.1 M NaCI, the extent of signal broadening 
was greater and appeared to commence at a somewhat loner con- 
centration. This behavior was expected in view of the established 
facts that the electrolyte would lower the CMC and that the micelles 
formed would be of larger aggregation number (2). The N M R  
method is too insensitive to allow determination of the C M C  in this 
instance because concentrations higher than the CMC are required 
to record acceptable proton resonance spectra. Use of Fourier 
transform NMR might permit C M C  determination. 


Testosterone Solubilization-Figure 6 shows the relationship be- 
tween the solubility of testosterone and the concentration of sodium 
glycocholate. The effect of 0.1 M NaCl on this relationship is also 
shown. Below the apparent CMC,  there is a small but persistent in- 
crease in the solubility of testosterone. At glycocholate concentra- 
tions above the CMC, testosterone is solubilized at  a higher rate. 
In the presence of 0.1 M NaCI, similar solubility behavior is seen 
but less testosterone appears to be soluliilized both below and above 
the apparent CMC.  


Solubilization of testosterone below the binary C M C  of the 
glycocholate-water system suggests that testosterone somehow 
participates in  the formation of niixed micelles or, more appro- 
priately perhaps, in the formation of Iiremicellar aggregates. Such 
behavior was noticed previously for tcstosterone with several sur- 
factants (21, 22) and was attributed to the wrface activity that 
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Table I-Solubiliz.ing Capacity of Sodium Glycocholate for 
Testosterone at  25“ 


REFERENCES 


Reciprocal of 
Solubilizing Solubilizing 


_-_- Capacity--- -Capacity:- 
h4oles Steroid/Mole Moles Bile Salt/ 
_--_ Bile Salt-- --Mole Steroid:- 
Without Without 
Electro- With 0 .1  Electro- With 0 1 


lyte M N a C l  lyte M N a C l  


Below apparent CMC 0.0035 0.0023 285.7 357.1 
Above apparent CMC 0.0220 0.0191 45.45 52.4 


testosterone itself possesses. A closely related steroid, 19-nortestos- 
terone,‘ was alsu found to be solubilized below the apparent binary 
CMC’s of sodium cholale and deoxycholate (7). Ekwall et ol. (1) 
observed similar !stepwise solubilization of cholesterol and bile 
acids as well as of some nonsteroidal solubilizates by bile salts. 
I n  all these cases, as in the present study, the amount of steroid 
solubilized increased with an increase in the concentration of the 
bile salt. 


Testosterone solubilization at  an increased rate above the 
apparent CMC of glycocholate, in agreement with the general 
features of micellar solubilization, suggests that as the number of 
glycocholate micelles increases, there is a proportional increase in 
the amount of testosterone solubilized. The solubilizing capacity of 
glycocholate for testosterone, calculated from the linear region of 
Fig. 6 above the CMC, is listed in Table I. When this solubilizing 
capacity value is compared with the previously obtained (7) solu- 
bilizing capacity values of cholate and deoxycholate for methyl- 
testosterone, it appears that glycocholate ranks between these other 
two bile salts. For example, 1 mole of methyltestosterone is solu- 
bilized by 62 moles of cholate or by 32 moles of deoxycholate, 
whereas about 45 moles of glycocholate would be required to 
solubilize I mole o f  testosterone. It would seem from such low 
solubilizing capacii.ies that the mechanism of solubilization pre- 
viously proposed (7) for 19-nortestosterone, i.e., solubilization 
within the interior of the rnicelle, is very likely not applicable here. 


When NMR spectra o f  glycocholate solutions, without and 
saturated with testosterone, were examined, no additional broad- 
ening of 18 and 19 methyl signals was seen when the solutions con- 
tained solubilized testosterone. This observation would also 
suggest that testosterone is not solubilized within the nonpolar 
core formed by the hydrophobic backs of glycocholate molecules. 
When the UV spectral characteristics of testosterone below and 
above the CMC are examined, the wavelength of maximum ab- 
sorbance shifts over a range of about 4 nm. toward lower wave- 
lengths. Thus, the chromophore appears to be in a less polar 
environment upon solubiiization. The absence of an appreciable 
increase in micellar weight. when testosterone is solubilized (Fig. 3) 
in the presence of added electrolyte suggests that the testosterone is 
not incorporated within the glycocholate micelle. It seems likely 
that solubilization occurs through a complex association involving 
mixed micelles. 
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NOTES 


Synthesis of l-Carbethoxy-4-cyano-4-phenylpiperidine 


CHRISTA V. BERCZ and RODNEY D. ICE' 


Abstract 0 1 -Carbethoxy-4-cyano-4-phenylpiperidine was syn- 
thesized as an intermediate for the preparation of meperidine. 
The intermediate product, in good yield, was obtained by selective 
carbanion formation of bis(8-chloroethy1)amine using dimethyl 
sulfoxide. 


Keyphrases 0 1 -Carbethoxy-4-cyano- 4 - phenylpiperidine-synthe- 
sized as intermediate for preparation of meperidine 0 Meperidine- 
intermediate of l-carbethoxy-4-cyano-4-phenylpiperidine syn- 
thesized 


The objective of this work was to synthesize a new 
product, I-carbethoxy-4-cyano-4-phenylpiperidine, as 
an intermediate for the preparation of meperidine hy- 
drochloride (ethyl l-methyl-4-phenylpiperidine-4-car- 
boxylate hydrochloride') in good yield. Eisleb ( I ,  2) 
synthesized several piperidine compounds ; during the 
ring closure step of the synthesis, i.e., the reaction of 
benzyl cyanide with benzylbis(P-ch1oroethyl)amine in 
the presence of sodium amide and toluene, he obtained 
approximately 60% yield of product. Blicke et al. (3) 
reported a 70% yield when a piperidine ring structure 
was formed through pyrolysis of a,a-di(&dimethyl- 
aminoethy1)-a-phenylacetonitrile. 


Kaiser and Hauser (4) indicated that the dialkylation 
of benzyl cyanide by alkyl halides in the presence of a 
strong base may take place uia the stepwise formation 
of carbanions or by the formation of a dianion. Mono- 
alkyl products formed in the reaction accounted for 
60 of the yield. 


Cram et al. (5-8) reported that dimethyl sulfoxide 
enhanced the rate of formation of carbanions and the 
rate of alkylation of these ions. This permitted the use 
of milder conditions and shorter reaction times, with 
resulting higher yields. Dimethyl sulfoxide, due to its 
solvating quality, increased the stability and useful life- 
time of the charged, unstable carbanions by sur- 
rounding the carbanions with a protective solvate shell. 
Thus, it was hypothesized that the ring closure between 
benzyl cyanide and a bis(P-chloroethy1)amine deriva- 
tive takes place by the stepwise formation of carbanions 
in the presence of two equivalents of strong base. 
Furthermore, by using dimethyl sulfoxide, the yield of 
the product could be increased. Ethyl bis(&chloro- 
ethy1)carbamate was selected as the bis(P-chloroethy1)- 
amine derivative of choice to facilitate the N-substituent 


1 The preferred USAN chemical name is ethyl 1-methyl-Cphenyl- 
isonipecotate hydrochloride. 


1316 0 Journol of Pharmaceutical Sciences 


removal from the product, which is necessary in the 
ultimate synthesis of meperidine. 


EXPERIMENTAL 


Yields were determined on a gas chromatograph2 equipped 
with a 1.83-m. (6-ft.) 3Z SE-30 column, a flame-ionization detector, 
and an electronic integrator3. All solvents were analytical grade and 
were dried prior to use with a molecular sieve4. Dimethyl sulfoxide 
was stored over calcium hydride. IR spectra were obtained with a 
grating IR spectrograph6. Mass spectra were obtained on a high 
resolution mass spectrograph9 NMR spectra were obtained on a 
spectrograph? using deuterochloroform as a solvent and tetramethyl- 
silane as the internal standard. 


Ethyl Bis(8-chloroethyl)carbamate-Bis(8-chloroethyl)amino hy- 
drochlorides, 69.5 g. (0.5 mole), was slurried with 350 ml. methylene 
chloride in a 500-ml. three-necked, round-bottom flask. Triethyl- 
amine, 111.0 g. (1.1 moles), was added slowly to the stirred sus- 
pension from a dropping funnel connected to the neck of the flask. 
The slurry was cooled to -30" in a dry ice-acetone bath, and a 
solution of ethyl chloroformate, 59.7 g. (0.55 mole), in 100 ml. 
methylene chloride was slowly added to the cold slurry to minimize 
the internal temperature rise. After the chloroformate addition, the 
mixture was allowed to warm to room temperature with continuous 
stirring. The solvent was then evaporated under reduced pressure 
(water aspiration) to an oily slurry. The product was extracted with 
three 150-ml. aliquots of n-hexane. The extracts were combined, 
filtered, and evaporated; the residual oil was purified by vacuum 
distillation through a fractionating silverized Vigreaux column. 
The product obtained was a colorless, oily liquid, b.p. 78-79" 
(0.2 mm. Hg). The boiling point (0.3 mm. Hg) of ethyl bis(P-chloro- 
ethy1)carbamate is reported (9) to be 87". Final identification was 
made by IR and NMR spectral analyses. The yield was 84.1 g., 
74% of theoretical. 
1-Carbethoxy-4cyano-4-phenylpiperidine-A 50-ml. three-necked 


flask was equipped with magnetic stirrer, drying tube, and a flexible 
Teflon tube connected to a 10-ml. round-bottom flask for the pur- 
pose of controlled addition of solid sodium amide into the reaction 
flask. The apparatus was dried in an oven prior to use. Benzyl 
cyanide, 1.2 g. (0.01 mole), and ethyl bis(p-chloroethyl)carbamate, 
2.4 g. (0.011 mole), were washed into the flask with 30 ml. of dry 
dimethyl sulfoxide. Sodium amide, 0.86 g. (0.022 mole), from a 
freshly opened bottle, was rapidly weighed, added to the 10-mi. 
flask, and connected to the 50-ml. flask via the Teflon tube. The 
solid sodium amide was added in small portions through the Teflon 
tube to the contents of the reaction vessel over a period of 30 min., 
causing the colorless solution to become green-brown in color. 
During addition, the internal temperature of the solution increased 
to 50" and ammonia was released. 


* Model 320, Glowall Corp., Willow Grove, PA 19090 
3 Datex Scientific Instruments, Duarte, CA 91010 
4 Linde Division, Union Carbide, Moorestown, NJ 08057 
6 Perkin-Elmer Corp., Norwalk, Conn. 
6 Model 103-C, Consolidated Electrodynamics Corp., Monrovia, 


7 Model HA-100, Varian Associates, Palo Alto, Calif. 
8 Aldrich Chemical Co., Inc., Milwaukee, WI 53233 


Calif. 







dimethyl sulfoxide 
C,H,-CH2-CN + 2 NaNH, 


2Na’ (C6H5-C-CN)-’ + (C1CH,CH2),N-C0OC,H, ----t 


C& 


E N - (  t 2NaCl 
CN OC,H, 


Scheme II 


The solution was stirred for an additional 30 min., after which 
the contents of the flask were poured over 150 g. of ice, producing a 
milky emulsion. The emulsion was extracted with four 25-ml. ali- 
quots of methylene chloride. The combined extracts were collected 
in a 100-ml. volumetric flask and adjusted to volume with methylene 
chloride. GC analysis of the solution disclosed a single high boiling 
component in the solution. The combined extracts were evaporated 
under vacuum. The distillate was collected at 145” (0.25 mm. Hg) 
and identified by IR, NMR, and mass spectroscopy as l-carbeth- 
oxy-4-cyano-4-phenylpiperidine. The IR spectrum indicated ab- 
sorption bands at 3.3-3.5 (CHaCH2-), 4.5 (C==N), and 5.9 
(C=O) 1. The NMR spectrum consisted of: triplet, 6 1.27 (3H, 
CH3CH20--, J = 7 Hz.); multiplet, 6 1.8-2.3 (4H, 3- and 5-CH2. 
J,,, = 13 Hz.); triplet, each peak with further splitting, 6 3.25 
(ZH, axial 2- and 6-CH, Jgem - J,,, - 12 Hz.); quartet, 6 4.15 (ZH, 
CH3CH20--, J = 7 Hz.); broad doublet, 6 4.35 (ZH, equatorial 2- 
and 6-CH, Jgem - 12Hz.); and multiplet, 6 7.3-7.6 (5H, CBHS). The 
mass spectrum indicated a molecular ion at m/e 258. The yield 
ranged between 85 and 99% in six experiments when fresh sodium 
amide was used. 


RESULTS AND DISCUSSION 


The resultant high yielding ring closure reaction between benzyl 
cyanide and ethyl bis(fl-chloroethy1)carbamate is attributed to the 
solvating effect of dimethyl sulfoxide. The reaction probably takes 
place by a carbanion mechanism where the negatively charged 
benzyl cyanide species is enveloped by a protective solvate shell of 
dimethyl sulfoxide molecules, preventing side reactions and al- 
lowing the benzyl cyanide to proceed in a one-directional alkylating 
process. The probable reactions are shown in Schemes I and 11. 
The importance of dimethyl sulfoxide in the reaction was apparent 
when earlier experiments using less polar solvents (such as diethyl 
ether, tetrahydrofuran, and benzene) resulted mainly in side prod- 
ucts. 


The selection of ethyl bis(P-chloroethy1)carbamate as a precursor 
for l-carbethoxy-4-cyano-4-phenylpiperidine was based upon the 
following considerations: 


1. The N-alkylated derivatives of bis(P-chloroethy1)amine show 
extreme reactivity in a basic medium (10,ll). 


2. The basic amino group provides lability to the carbon-halogen 
bond by a neighboring group participating in the nucleophilic re- 
placement of the halogen (12). 


Therefore, N-alkylated bis(fl-chloroethyl)amine, under strong 
basic conditions, would probably undergo undesirable side reac- 
tions as shown in Scheme 111. 


bas? n 
U 


(ClCH,CHJ,N-R - R-N N-H + other products 
NaNHz 


Scheme III 


By decreasing the negative charge on the nitrogen of the amine, 
the lability of the carbon-halogen linkage should be decreased, thus 
decreasing undesirable side reactions. The carbonyl substitution of 
the amino group seemed feasible, especially in the form of a carba- 
mate ester, because the removal of the carbethoxy group at a sub- 
sequent step in the meperidine synthesis was expected to occur with 
little or no difficulty. 


Normeperidine was synthesized from l-carbethoxy-4-cyano-4- 
phenylpiperidine by hydrolytic cleavage followed by esterification 
(1). Meperidine was prepared from normeperidine by methylation 
(1,131. 


CONCLUSION 


A new product, l-carbethoxy-4-cyano-4-phenylpiperidine, and 
its synthesis were devised to improve the ultimate synthesis of 
meperidine. The procedure improves the safety of earlier chemical 
synthesis while increasing the yield of meperidine. 
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Hormones and Resistance. By HANS SELYE. Springer-Verlag, 175 
Fifth Ave., New York, NY 10010, 1971. xviii + 1140 pp. 17 x 
25 cm. Price $79.40 (two parts, not sold separately). 
This monograph is presented in two parts: (1) History, Chemistry, 


Pharmacology, and Hormonal Agents; and (2) Nonhormonal 
Agents. Clinical Implications, Morphology, Theories, and Synopsis. 
Its purpose, clearly stated in the beginning of the text, is “to examine 
how hormones can influence the resistance of the body to changes in 
its environment.” To this end, the author with a background of 
earlier monograph contributions on diverse but broadly related 
subjects (“stress syndrome,” thrornbohemorrhagic phenomena, 
anaphylactoid edema, calciphylaxis, mast cell, and experimental 
cardiovascular disease) has selected approximately 5OOo relevant 
articles from a worldwide literature base of more than 15,000 refer- 
ences for authoritative review, interpretation, and integration with 
unpublished personal data. The challenge of the assignment was 
approached by use of the analytico-synthetic procedure, a litera- 
ture processing practice applied in the development of earlier mono- 
graphs, which involves generation of analytically objective abstracts 
for use in the synthesis of interpretations, correlations, and sum- 
maries of the available data. Approximately one-half of the mono- 
graph consists of concise and readable abstracts of published and 
unpublished data, deployed in applicable subject sections for con- 
venient reference and assimilation by the reader. Unpublished ob- 
servations of the author are coded by protocol numbers for use as 
references in communicating additional information and published 
data by reference to original articles. The text material, distinguished 
by comparatively large print, allows a reader to develop a rapid 
overview of the subject, which integrates literature with personalized 
but unmatched authoritative views. However, any reader with un- 
limited or limited interest is cautioned about the need for initial 
orientation to special terminologies, concepts, text-table format, 
experimental parameters, statistics, and indexing mechanics, to 
optimize returns from the vast storehouse of experimental data in 
the two volumes. Contents of the monograph include a comprehen- 
sive treatment on catatoxic agents which modify resistance via 
metabolic degradations and/or excretion of potentially toxic sub- 
stances. Applicable background on enzyrnologic studies in the field 
are also provided for interpretative review of the underlying mecha- 
nisms for catatoxic activity. 


The monograph is a most timely compilation on current status 
of the subject based on empirical data of the past 35-year period, 
with promise that a new era of systematic research studies will 
emerge with the challenge of experimental questions raised by the 
available data. I t  will have a broad spectrum appeal in the scientific 
community (pharmacology, toxicology, endocrinology, immun- 
ology, biochemistry, and medicine) by offering a hormonal defense 
concept in modifying the course of disease processes in man. 


Reoiewed by C .  M. Kagawa 
Alcori Laboratories, lnc. 
Forth Worth, T X  76101 W 


The Merck Manual of Diagnosis and Therapy. Edited by DAVID N. 
HOLVEY. Merck & Co., Inc., Rahway, NJ 07065, 1972. 1964 pp. 
12 X 17.5 cm. Price $8.00. 
Initially published in 1899, the “Merck Manual” is a complete 


volume of diagnosis and treatment of virtually all generally en- 
countered diseases. This newest edition contains 110 pages more 
than the previous edition; the book is divided into 25 main sections 
and 351 principal chapters. This edition has been extensively re- 
vised and idcludes several new subjects, an expanded index. and 
more tabular and illustrative material than preceding editions. More 
than 400 prescription drugs are listed in the new edition. 


Staff Review 


International Nonproprietary Names for Pharmaceutical Substances: 
Cumulative List No. 3,1971. World Health Organization, Geneva, 
Switzerland, 1 9 7 1 . 1 8 9 ~ ~ .  15.5 X 24cm. Price$6.00. 
Periodically the lists of proposed international nonproprietary 
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Phase Solubility Analysis Employing Solubility 
Product Relationships: Purity Determination of 
Monobasic Amines and Their Salts 


A. J. REPTA' and P. BANSAL 


Abstract The application of phase solubility analysis has been 
extended to monobasic amines and their salts. The analyses are 
carried out in aqueous buffered solutions by in situ formation of 
slightly soluble picrate salts, whose solubility is determined by a 
solubility product relationship. Both a theoretical discussion and 
experimental testing of the method are presented. The experi- 
mental results indicate that the method is at least comparable in 
both sensitivity and accuracy to currently employed phase solu- 
bility techniques. In addition, the new method is applicable to sys- 
tems that are not amenable to the widely used current method. 


Keyphrases 0 Amines, monobasic, and salts-phase solubility 
analysis using solubility product relationships, theory, method 0 
Picrate salts-phase solubility analysis using solubility product 
relationships, theory, method 0 Phase solubility analysis-mono- 
basic amines and their salts in aqueous solution, theory, method 


Phase solubility analysis is a widely used technique 
for the absolute determination of purity. The general 
method and its application, theory, and limitations were 
the subjects of a recent review (1). Surprisingly, the wide 
use of the method has not stimulated much in the way 
of reported modifications or extensions. The technique, 
therefore, remains virtually unchanged since its incep- 
tion in 1920. Some of the problems (1-4) associated 
with the method as now practiced are: 


1. The solvent system must be chosen specifically for 
the substance being analyzed. 


2. Liquid samples are poorly suited to the method. 
3. Solids that form solid solutions are not suitable. 
4. Acids, bases, and their salts that may be involved 


in either general acid-base equilibrium or irreversible 
solvolysis reactions with a solvent may not be analyzed 
in that solvent. 


5. Mixtures of compounds that are present in a 
unique ratio which is identical to their solubility ratios 
in a particular solvent cannot be analyzed in that sol- 
vent. 


6 .  Mixtures of enantiomers often are not suited to 
the method. 


Two reports in the literature (4, 5) describe a modi- 
fication of the technique and/or interpretation of the 
results which has allowed the analysis of materials that 
would not normally be suited to  phase solubility be- 
cause of one or more of the problems listed above. 
In both cases, the investigations were involved with 
solubility product relationships, but there was virtually 
no attempt to use such relationships to extend and 
modify grossly the method of phase solubility analysis. 


The approach we are advocating should be applicable 
to certain classes of compounds such as amines, acids, 
and their salts, which under suitable conditions will 


exist as ions in aqueous media. The approach consists 
of utilizing the solubility product relationship which 
applies for slightly soluble salts in aqueous solutions. 
The proposed approach may alleviate many problems 
associated with phase solubility analysis and, in so 
doing, add a new dimension to the application of phase 
solubility analysis in the determination of purity. This 
work is a preliminary report on the theory and applica- 
tion of the method for the analysis of monobasic amines 
and their salts. 


EXPERIMENTAL' 
Chemicals-The chemicals used were of reagent or USP grade. 


Except for benzylamine and picric acid, all were used without fur- 
ther purification. In the case of benzylamine, the liquid was dis- 
tilled prior to  use. Picric acid was recrystallized from water three 
or more times, dried, and analyzed by differential scanning calo- 
rimetry (6). The purity of the picric acid thus prepared was calcu- 
lated to be greater than 99.8 % pure. In all cases, the melting or boil- 
ing points of the materials used were in good agreement with lit- 
erature values. 


Methods-Preparation of Buffers-The 0.2 M acetate buffer 
was prepared by taking 10.23 g. (0.17 mole) of glacial acetic acid 
and 2.48 g. (0.03 mole) of sodium acetate and dissolving them in 
enough water to make 1 1. of solution. The 0.5 M acetate buffer was 
prepared'by using 25.0 g. (0.420 mole) of glacial acetic acid and 
7.04 g. (0.086 mole) of sodium acetate. The pH of both buffers 
was about 3.9. 


Determination of Molar Absorptivity o j  Picric Acid itr Aqueous 
Solutions-Solutions of picric acid in known concentrations were 
prepared in the acetate buffers, and the absorbance of the picrate 
ion at 357 nm. was recorded. A plot of absorbance uersus concentra- 
tion yielded a linear relationship, from which the molar absorp- 
tivity, E ~ ~ ~ ,  was found to  be 14,450 I./mole-cm. This value was the 
same in both the 0.2 and the 0.5 M acetates. There was no apparent 
change in absorptivity as a function of pH at pH > 3 in the 0.2 M 
acetate solution. The molar absorptivity of the picrate salts of 
pilocarpine, benzylamine, and N,N-diethylaniline was the same as 
that for picric acid when measured at 357 nm. in the 0.2 M acetate 
buffer, pH 3.9. 


Method .for Determination of Purity odf Amines-The general 
method consisted of adding increasing and known weights of picric 
acid (Q.) and the sample to be analyzed ( W )  to  each of a series of 
clean, dry, 200-ml. volumetric flasks. Generally, the ratio of the 
weights of picric acid to sample was chosen to approximate the ratio 
of the species anticipated in the precipitate. For example, in the 
analysis of benzylamine, the expected precipitate was benzylamine 
picrate, for which the ratio of weights of picric acid to  benzylamine 
is approximately two. Thus, in the preparation of each flask the 
weight of picric acid added was approximately twice as great as that 
of the benzylamine added. 


1 Absorbance measurements were made using either the Cary model 
14 or 15 spectrophotometer. Volumetric glassware was of the class A 
(National Bureau of Standards) type. Equilibration was carried out by 
agitation of samples on a Burrell wrist-action shaker in a constant- 
temperature bath at  25 * 0.1". Weighings were made on a Mettler 
type H16 balance. The differential scanning calorimetry was done on a 
Perkin-Elmer model DSCIB. Measurements of pH were made using a 
Corning model 12 pH meter. All water used was distilled from acid 
permanganate solution in an all-glass apparatus. 
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Generally, the first flask in the series contained 0.054.10 g. of 
picric acid, and each succeeding flask contained increasingly greater 
amounts of picric acid. Usually, an amount of 0.5-1.0 g. was used 
in the last flask in the series. The quantity of the sample to  be ana- 
lyzed was increased in each flask in a similar manner. 


After addition of the picric acid and the sample, 100 ml. (0.1 1. = 
V,)  of acetate buffer was added by buret and the flasks were sealed 
and placed in a constant-temperature water bath at 25” and agitated 
with a wrist-action shaker until equilibrium was achieved. This was 
usually accomplished within 48 hr. Then an aliquot of the super- 
natant liquids was removed from each flask in which there was a 
precipitate by use of a pipet whose tip was wrapped with glass wool 
to  filter out any particulate matter. The contents of the pipet (VZ)  
were emptied into a volumetric flask of appropriate size, and this 
was brought’to volume ( V 3 )  with fresh acetate buffer. The absor- 
bance (A357)  of the resulting solution was measured at 357 nm. in a 
I-cm. cell, and the gram quantity of picrate in solution (Q.) in each 
flask at equilibrium was calculated according to  the following 
equation: 


The values Qa, W, and Q. for each flask were then used t o  calculate 
the values of (Q. - Q,)/W and l/Q,W. A plot of (Qa - Q.)/W 
(as the ordinate) versus l/Q*W(the abscissa) was then prepared, and 
the slope and intercept were determined by the method of least 
squares. The percent purity was then obtained by multiplying the 
intercept by 100 MB/MQ,  where ME and MQ are the molecular 
weights of the amine being analyzed and picric acid, respectively. The 
value of KSp’ (defined below) is calculated from the relationship Ksp’ 
= (- MB/MQ) (slope). 


Under certain conditions, it was necessary t o  modify the general 
procedure to some extent. For example, in those cases where mixed 
samples, such as the mixture of pilocarpine nitrate and benzyl- 
amine, were prepared and analyzed, it was necessary to dissolve the 
materials in acetate buffer to obtain a uniform sample. In such 
cases, stock solutions were accurately prepared and aliquots con- 
taining the desired weight of sample were added to the various 
flasks containing the picric acid. Additional acetate buffer was then 
added such that the total volume of buffer solution added was 100 
ml. For example, if 5 ml. of stock solution containing the amines 
was added to  a flask, only 95 ml. of acetate buffer was then added 
to give a total of 100 ml. The rest of the procedure remained un- 
changed. 


Another problem was encountered when liquid amines were used. 
Upon adding the liquid amine to  a flask containing picric acid, the 
materials partially reacted to form a mixture of salt and unreacted 
materials. Such systems did not achieve equilibrium rapidly after 
addition of the buffer and the usual agitation. This problem was 
easily overcome by employing a magnetic stirring bar and vigorous 
stirring for about 12 hr. After such stirring the flasks were then 
agitated in the usual fashion for an additional 48 hr. in accordance 
with the general procedure. 


THEORETICAL CONSIDERATIONS 


At constant ionic strength, the equilibrium between a solid salt, 
Bz+yQv-z, and its saturated aqueous solution may be expressed as: 


Y ~ ~ ( B Q )  = [Bf”l”Q-’1~ (Eq. 2) 


where [B”] and [Q-.] are the solution molar concentrations of the 
ions and K s p [ ~ ~ )  is a constant for the salt considered under the con- 
ditions employed. Although Eq. 2 completely describes the relation- 
ship between the ionic species involved, it does not necessarily ex- 
press the relationship between the total concentrations or amounts 
of B and Q in solution. This is due to the fact that in the cases of 
acids and bases and their salts, in aqueous solution, the species in- 
volved in the solubility product relationship are subject to acid- 
base equilibria as well (8). The variation in concentration of such 
hydrolysis products as a function of pH and their dissociation con- 
stants is well understood (8) and will not be considered in detail 
here. Suffice it to  say that if the pH of the solution is maintained at 
least 3 pH units above the pKa of the acid and 3 pH units below the 
pKa of the protonated base, and there are no other ionization pro- 


point b 


I I 


1 2 3 4 5 6 
TOTAL MOLES OF SALTS (B+O- and C+O-) ADDED, X 103 


Figure 1-Theoretical plot of the corrcen/ration of ionic species Q-, 
B+, and C+ in solution as a firnction ofthC total moles of a mixture of 
salts B+ Q- and C+ Q-, when the solubility of all species is determined 
by solubility product relationships. The coridirions arbitrarily 
chosen for the culculuiion were: K s p ( ~ ~ )  = K a p ( c a )  = lO+ 
(moles/l.)z; the mole fractions of B+ Q- and C+ Q- in the mixture are 
0.8 and 0.2, respectively. 


cesses involving the interacting species, the value of K.,(BQ) cal- 
culated on the basis of the total acidic and basic species would 
differ from the true value as expressed in Eq. 2 by about 0.5%, at 
maximun, for a 3:2 salt such as calcium phosphate [Ca,(PO&]. 
This difference, however, falls to only about 0.2% for a 1 :1  salt 
such as silver chloride (AgCI). 


If we now consider a solid with a fixed composition of two uni- 
valent salts, B+Q- and C+Q-, where B+Q- is present in excess and 
the solubility products are identical, the concentrations of the various 
species insolution as a function of the salt mixture added, at a suit- 
able pH and at constant ionic strength and temperature, is shown in 
Fig. 1. The curvature of the curves of [B+] and [Q-] between points a 
and b is due to the presence of thecommon ion Q-,which is furnished 
by both salts as dissolution occurs. Initially, all salt added dissolves. 
At point a, the magnitude of [B+][Q-l = KJP(~p);  yet [C+l[Q-l < 
K,,(cQ,, so more solid C Q  dissolves. The resulting increase in [Q-] 
causes [B+] to fall by precipitation as the salt B+Q- in order to 
satisfy the solubility product relationship. At point b, the solution 
is saturated with respect to  both salts and further addition of the 
solid does not alter thecomposition ofthe solution. 


It should be emphasized at this point that a similar type of curve 
would be expected for all compositions of salt mixtures composed 
of B+Q- and C+Q- and for any values of their solubility products, 
except when the molar ratio of B+Q-/C+Q- in the salt mixture is 
identical to K.,(BQ)/K,,(cQ). In such a case, points a and b would be 
identical and no nonlinear relationships would be observed. In 
addition, if the ratio of B+Q- to C+Q- in the mixture is less than the 
ratio of K e p ( ~ ~ )  to KBP(c~) ,  the salt reaching saturation first would 
be C+Q-. 


This discussion indicates many important aspects of the solubility 
product relationship but offers little in the way of an analytical 
procedure. Ionizable compounds that one may wish to  analyze may 
be present in their neutral form or in the form of salts which are 
very soluble in aqueous solution. Furthermore, the impurities may 
be similar to the major component or they may be completely dif- 
ferent. 


The development of a useful analytical technique should be able 
to cope with these variables in the sample t o  be analyzed. Suppose 
one wishes to analyze a sample whose primary component is a 
species, B, which may be present either as a salt or as a neutral 
molecule; but under suitable conditions in aqueous solution, B+ is 
formed. In addition, suppose that there is available a second chem- 
ical species, Q, which also ionizes under the conditions used to form 
Q-, which then reacts with B+ to form a slightly water-soluble salt, 
B+Q-, whose solubility with respect to species B+ is much less than 
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the original solubility of B in water. If these two suppositions are 
realized, the quantity of B+ in solution will be determined by a 
solubility product relationship. 


The chemical species Q may be referred to  as a precipitating agent 
or "common-ion" species. The selection of such an agent would be 
made on the basis of the availability of high purity material and its 
ability to form salts having only slight aqueous solubility with com- 
pounds of the type to be analyzed. In addition it would be highly 
desirable that the analysis of the agent in aqueous solution be sensi- 
tive and precise. 


If one has available a precipitating agent that meets these criteria 
for a given class of compounds such as acids and their salts or bases 
and their salts, it should be possible to  develop a precise analytical 
procedure for the determination of purity of a member of that 
class with no concern for the nature of any impurities or whether 
or not the material to be analyzed is a salt or a neutral compound. 


Since the purity of substances is normally expressed on a weight 
basis, one should rewrite the molar solubility product relationship 
described in Eq. 2. This may be accomplished by expressing the 
molar quantities [ B + y ]  and [Q-.] in Eq. 2 in terms of their molecular 
weight, the volume of solution, and the weight in grams of each dis- 
solved species. Rearrangement of the resulting expression yields 
Eq. 3: 


KLoQ) = (Bs~Y(Q. - z )y  (Eq. 3) 


where K ~ , ( B Q )  = K.,(BQ)MBMQV~ is a constant*; (B8+") and 
(Q.-.) are the equilibrium amounts in grams of B and Q dissolved 
in a solution of V liters, respectively; and ME and MQ are the molec- 
ular weights of species Band Q, respectively. 


Let us now consider the analysis of a bulk sample composed of 
two components, B and C,  which are members of a class of com- 
ponents, all of which exist as ions at a suitable pH and form slightly 
soluble salts with a species, Q, which is also ionized but of opposite 
charge. Furthermore, let us confine this discussion to the case where 
the salts formed are of the 1 : 1 type, i .e.,  Bz+@Qy-*, where y = z = 1 .  
Consider further a series of flasks containing equal volumes of an 
aqueous buffer of suitable pH and ionic strength. To each succeed- 
ing flask are added accurately weighed and increasing amounts of 
both pure Q and the bulk sample containing B and C. If the com- 
position of the solid and the ratio of K&EQ) and K;,(CQ) is such 
that after equilibration of flasks 1 to n at constant temperature, 
(&+)(Q,-) = K i p ( ~ g )  and (C,+)(Q.-) < KAp(c~), then only B+Q- 
is precipitated in those flasks. In flasks n + 1 to  z ,  (C,+)(Q.-) = 
K&Q) and the precipitate of C+Q- will also be present. In those 
flasks (1 to 1 1 )  containing only two phases (solid B+Q- and its 
saturated aqueous solution), the equilibrium is defined by Eq. 33. 


By using Eq. 3 and known or measurable parameters for the con- 
tents of each flask, Eq. 4 can be derived (see Appendix): 


- (QNw = XMQ/ME - [ M Q K ~ , P ( B Q ) / M E ~ [ ~ / ( Q , ) ~ ~  (Eq. 4) 


where Qa and Q3 are the weights of the precipitating agent added 
and that found in solution at equilibrium, respectively; W is the 
weight of the bulk sample added; MQ and ME are the molecular 
weights of the precipitating agent Q and the species B, respec- 
tively; and x i s  the weight fraction of species Bin the sample. 


By plotting the left-hand portion of Eq. 4 as a function of l / (Q, )W 
for the contents of the various flasks, a linear relationship should 
be obtained for which the slope is -MQ/MBK&BQ) and the inter- 
cept is xMQ/MB.  In those flasks ( n  + 1 to z) when both B+Q- and 
C+Q- are present as precipitates, the equilibrium is a function of 
the solubility product constants for both salts4, and Eq. 5 may be 
derived (see Appendix): 


[ Q G  - (Q31/w = MQ/MC[Y + XMc/Mel - 
MQ/MC[K.',(CQ) f M C K & ( E Q ) / M B l [ l  /(Qa)W (Eq. 5 )  


where MC is the molecular weight of species C, and y is the weight 


2 The units of K&oI are g.v+z and the magnitude of the value will be 
dependent upon the value of solute used. In the experimental work which 
follows, a value of 0.1 1. was used i n  all cases. 


3 These conditions, i.e., only one precipitate, are comparable to the 
conditions in Fig. 1 between points a and b. 


These conditions are comparable to those at and beyond point b 
in Fig. 1. 


0.8 0.9 I: - ' 


0 10 20 30 


Figure 2-Theoretical phase solubility diagrum utilizing solubility 
product relationships as shown in Eqs. 4 and 5 .  The conditions chosen 
for this calculation were: K&,(BQ, = K&Q) = I t 2  g.2, MB = 
Mc = MQ = 100 g./mole, x = 0.8, and y = 0.2. See text for 
further discussion. 


fraction of species C in the sample. Thus, a plot of [Qa - (Q.)]/W 
versus l /(Q.)W for flasks 1 to z in this case would yield a plot with 
two distinct parts, both of which are linear but exhibiting different 
slopes. A theoretical example of such a system is shown in Fig. 2. 
For purposes of simplicity, Fig. 2 was constructed using K&,(BQ) = 
K;,(CQ) = 0.1 g.ZL-2, MQ = MB = MC = 100 g./mole, x = 0.8, 
and y = 0.2. The line segment ST of the plot. represents flasks 1 to  
n where only B'Q- is precipitated. The slope for this line = K,&,(BQ) 
= -0.1. The extrapolation of the line to R yielded an intercept = 
0.8 = x. 


The left-hand portion (line segment US) of Fig. 2 represents those 
flasks n + 1 toz when both precipitates are present. In this case the 
slope = -0.2 = -K;,,(BQ) + K.',(CQ) and the intercept = 1.0 = 
x + y .  


Let us now consider the behavior of a system where the bulk 
sample again contains two components. Suppose the major com- 
ponent, B, is again a species whose solubility is determined by a 
solubility product relationship involving the precipitating agent. 
The second component, D, however, is a species whose solubility 
is not affected by such a relationshipK. The relationship between 
[Qa - (Q8) ] /W and l / (Q . )W for such a system would be expected 
to result in a linear relationship, as shown for the line RST of the 
curve in Fig. 2. There should only be one linear segment whose inter- 
cept and slope would be equal to XMQ/ME and ( - K A p ( ~ ~ ) M ~ / M ~ ) .  
respectively. In this case, where component D is not involved in a 
solubility product relationship with Q ,  the system behaves in the 
same manner as the previously described system (containing com- 
ponents B and C )  in flasks 1 to n. Whether D is insoluble, soluble, 
or volatile, its effect on the system should be the same since the 
presence of D represents only the absence of an equivalent amount 
of B in the bulk sample. Since the plot obtained would be a sim- 
ple linear relationship, it would not be possible to tell how many 
nonreactive components of the D type were present as impurities. 
However, it should be stressed that, in most instances, only the 
purity with respect to the major component is of concern. 


RESULTS AND DISCUSSION 


The studies thus far have been primarily concerned with the 
analysis of monobasic amines and their salts. The selected precipi- 
tating agent was picric acid, which meets the criteria outlined 
previously with regard to a good precipitating agent for amines. 
Picric acid is a fairly strong acid with pKa = 0.38 in water (9). 
Thus, at pH 3.4 and above, virtually all of the acid would be in the 
ionized form. In addition, picrate offers the added advantage that 


5 Species of the D type would be expected to include neutral com- 
pounds such as esters and hydrocarbons, which do not form precipitates 
with the precipitating agent. 
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Table I-Data for Analysis of Pilocarpine in Pilocarpine Nitrate 
(Brand A) in 100 ml. of 0.2 M Acetate Buffer, pH 3.9, a t  25" 


W 
(Gramsof 0, 0. 


Flask . Pilo: ~~ (Grams of (Grams of 
Num- carpine Picric Acid Picric Acid Qa - (Qs) 2 
ber Nitrate) Added) in Solution) W (Q,)W'g*-2' 


1 0.0706 0.0642 0.0476 0.235 297.57 
2 0.1396 0.1173 0.0449 0.518 159.54 
3 0.2804 0.2335 0.0442 0.675 80.69 
4 0.4188 0,3490 0.0451 0.726 52.94 
5 0.5579 0.4655 0.0449 0.754 39.92 
6 0.7000 0.5816 0.0442 0.768 32.32 
7 0.9928 0,8658 0.0670 0.805 15.03 


its analysis can be carried out directly in aqueous solution by ab- 
sorption measurements at  about 357 nm. Due to  its high molar 
absorptivity (tJj7 = 14,450 l./mole-cm.) at  this wavelength, most 
other species do  not interfere in the analysis. The aqueous solutions 
used were acetate buffers at pH 3.9. 


Data for the analysis of a commercially available sample of 
pilocarpine nitrate are shown in Table I. An inspection of these 
data indicates that in preparing the contents of the various flasks, 
the ratio of the weights of the sample ( W )  and the picric acid added 
(Q.) t o  each flask was nearly the same. This ratio corresponds to  the 
ratio of the amine and picric acid in the expected salt. While this 
is not a requirement of the procedure, it is expedient since this 
approach results in similar concentrations of picrate in solution in 
all flasks at equilibrium, as indicated by column Q.. Since all con- 
centrations of picrate in solution are about the same, the spectro- 
photometric determination of picrate concentrations in all samples 
may then be made using identical dilution and measuring pro- 
cedures, which would be expected to  result in similar precision and 
accuracy for such measurements in all solutions. If the ratio of W 
and Qa are significantly different than their ratio in the salt, there is 
a considerable change in Qs in the series of flasks, which may range 
over more than an order of magnitude. 


The variation of QS in the various flasks depends on the magni- 
tudeof Wand Q. as well as theratio Qa/ W. For example,if 25 %more 
picric acid had been used in the experiment whose results are shown 
in Table I ,  the value of Qs would have ranged from 0.057 g. for 
flask 1 to 0.261 g. for flask 5 .  On the other hand, use of 25% smaller 
amounts of picric acid would have resulted in values of Qs ranging 
from 0.040 to  0.010 g. From a practical standpoint, such varia- 
tion would have required that some samples be diluted more than 
others. 


The data from Table I were used in constructing curve I ,  Fig. 3. 
The relationship between[Q, - (QJ/Wand l/(Q,)Win thevarious 
flasks appears to be linear. The values of the slope and intercept 
were found to  be -0.0201 and 0.8347 g.2, respectively, when cal- 
culated by the least-squares best fit (10). Multiplying these values by 
the ratio - M Q / M B  [where MQ and MB are the molecular weights 
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Figure 3-Plot of the data obrained for  rhe analysis of pilocarpine i n  a 
pilocarpine nitrute sample (Brand A )  at 25", pH 3.9, in 0.2 M ucetate 
(curce I )  uird 0.5 M acetate (curve 11) buffer, utilizing picric acid as 
the precipituting agent. Although seven experimental points were 
used in the leust-squares culcrrlutioii of the slope und intercept (10) for 
time I, only six points are shown on thisjgure. 
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Figure 4-Plot of the data obtained for the analysis of the pilocarpine 
content iii samples of pilocarpine hydrochloride (curve I t )  and pilo- 
carpine nitrule (curve I )  (Brand 6) in 0.2 M acetate buffer, pH 3.9, at 
25". Picric acid was used as the precipitating agent. 


of picric acid (229.11 g./mole) and pilocarpine (208.26 g./mole), 
respectively] yields values of K = 18.27 x 10-4 and x = 0.7587. 
Thus, the purity by weight is lOOx = 75.87% with respect t o  pilo- 
carpine in the bulk sample. The 95% confidence intervals for the 
purity and Ksp' were calculated (10) to be 75.87 f 0 .33z  and 
(18.27 f 0.25) x 


Curve 11 in Fig. 3 shows the results from an analysis of the same 
sample of pilocarpine nitrate in 0.5 hf acetate buffers, pH 3.90. 
The purity, as calculated for the intercept, was 75.68%, which 
agrees within 0.2% of that value found in 0.2 A4 acetate. The solu- 
bility product of pilocarpine picrate in the 0.5 M acetate system, 
as indicated by the slope, was 24.0 X lo-' g2, which was about 
35 greater than that found in 0.2 M acetate. These values indicate 
that the results relative to purity of pilocarpine in the sample are 
independent of ionic strength as long as it is maintained relatively 
constant. If this condition is not met, the solubility product will 
change with ionic strength and thus the results will be meaningless. 


Figure 4 shows the analysis of a second sample of pilocarpine 
nitrate and a sample of pilocarpine hydrochloride in 0.2 A4 acetate 
buffer. The slope in both analyses was found to  be virtually the 
same, while the intercept values indicate a purity of 76.32% with 
respect t o  the pilocarpine in the pilocarpine nitrate sample and 
84.95 % in the pilocarpine hydrochloride sample. These results 
substantiate the premise that the counterion of the species being 
analyzed has little or no effect on the analytical method, as shown 
by the nearly identical slopes. 


Figure 5 shows the results of analyses of freshly distilled benzyl- 
amine (curve I) and a mixture of benzylamine and aniline (curve 
11). The amines were dissolved in acetate buffer, and aliquots of 
these solutions were used in the analytical procedure. It would have 
been equally easy t o  add the amines as a neat liquid since their 
volatility is not great. In the analysis of the benzylamine sample, the 
purity was found t o  be 99.82%;. When the analysis of the mixture 
containing 81.00% by weight of redistilled benzylamine and 19% 
by weight of reagent grade aniline was carried out, the benzylamine 
content as calculated from the intercept value was 80.79z, which 
was in excellent agreement with the theoretical content. These re- 
sults clearly illustrate that the presence of the second amine does not 
significantly affect the results obtained. 


Figure 6 shows the results of analyses of different samples con- 
taining mixtures of pilocarpine nitrate with some other components. 
Curve I was obtained for the analysis of a mixture of the nitrate 
salts of isopilocarpine and pilocarpine. The theoretical pilocarpine 
content of the mixture, based on the supposition that the nitrate 
salts of each diastereoisomer were pure, was 72.89%. The content 
of pilocarpine found in the analysis was 72.79%, while the soh- 
bility product for pilocarpine picrate was 18.13 X g.2, which is 
in general agreement with results from other analyses of pilocarpine. 


The analysis of a mixture of pilocarpine nitrate and benzylamine, 
containing (theoretically) 69.82 by weight of pilocarpine, gave 
the results shown in curve I1 of Fig. 6. The pilocarpine found on the 
basis of experimental points c, d,  and e was 69.53 % of the sample, 
which once again was in good agreement with the added amount of 
alkaloid. The analyses of those samples represented by curves I and 


g2, respectively. 
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Figure S-P\ot of the data obtained for  the analysis of berizylamine in 
samples of freshly distilled berizylamine (curve I) and a mixture of 
bemylamine and aniline containing 81.00% benzylamine by weight 
(curve I l ) .  The analyses were carried out in 0.2 M acetate buffer, 
pH 3.9, at 25 with picric acid as the precipitating agent. 


I1 were run in identical buffer solutions; under these conditions 
there was excellent agreement between the solubility products of 
pilocarpine picrate found in each analysis (Table 11). 


Curve I1 of Fig. 6 shows the appearance of a second precipitate 
(benzylamine picrate) at a high concentration of sample and picric 
acid (i.e.,  as l / Q a W  -+ 0). Although there appears to  be a linear re- 
lationship between points a, b, and c, as shown by the dotted line, 
calculations of the benzylamine content and the Ksp' based on those 
points suggest that point c is not on the same line with points a and 
b. When all three points were used, the content of benzylamine in the 
sample was calculated to be only 7.67 % compared with the expected 
value of 9.05%. Similarly, the KO,,' was calculated to be 68.60 X 
lo-' g.z, which was lower than the value of about 85 X lo-' g.z 
found in other experiments involving benzylamine (Table 11). 
These low results are what would be expected if point c corresponds 
to values of (Q. - Q8)/W and 1lQ.W where the product of the 
quantities of benzylamine and picrate in solution is less than the 
Ksp' of benzylamine picrate. 


Curve I11 in Fig. 6 was obtained from the analysis of a mixture of 
pilocarpine nitrate, benzylamine, and methylsuccinic acid in which 
the expected purity was 38.25% with respect to pilocarpine. The 
calculated value obtained from curve 111 was found to be only 
37.33. The reason for the significant difference between these 
values is not clear. However, considering the complexity of the 
system and the relatively low concentration of pilocarpine in the 
samples, this result is not altogether surprising. 


Also in curve 111, Fig. 6, it may be seen that there is evidence sug- 
gesting that a second precipitate was present in the flask containing 
the largest quantity of picric acid and sample. Since only pilo- 
carpine and benzylamine among the components present are capable 
of forming picrate salts, it seems reasonable to  assume that the 
second precipitate was benzylamine picrate. 


Although all of the above-mentioned analyses yielded results 
that were close to those expected, the accuracy of the method was 
still in doubt. Therefore, the analysis of mecamylamine hydrochlo- 
ride was carried out. Analysis for the mecamylamine content of 
mecamylamine hydrochloride was carried out in both the 0.5 and 


0.2 M acetate buffers at pH 3.9. The results are shown in Table 11. 
Duplicate analyses were also done by normal phase solubility as 
described elsewhere (11). Values obtained by the USP method (11) 
for each analysis indicated the mecamylamine hydrochloride con- 
tent of the sample to  be 99.57 and 99.82%. Correcting these 
values to the mecamylamine content of the sample yielded values of 
81.78 and 81.99%, which are in good agreement with those ob- 
tained by the new method reported here and thus substantiate in 
part the accuracy of the solubility product approach. 


The importance of absolute methods of purity determination and 
the utility of this method are well illustrated by the results of an 
analysis of a sample of diisobutylamine. These authors were asked 
to  analyze a sample of the liquid amine which had been freshly dis- 
tilled and, according to  results of GC and nonaqueous titration, 
was nearly 100% pure. However, the behavior of other physical 
properties suggested that the sample contained some impurities6. 
The phase solubility analysis with picric acid confirmed the presence 
of impurities at a level of 4.48%. On the basis of these results, 
further GC studies were carried out, which eventually resulted in 
detection of a second component. Although the secondary com- 
ponent was not isolated and characterized, the demonstration of its 
presence by an absolute method aided in the development of an in- 
strumental method which was able to  separate and detect the im- 
purity. 


The results of the analyses discussed in this article and several 
additional systems are summarized in Table 11. In general, the re- 
sults are in good agreement with the theoretical values based on 
the assumption that all components were pure. Since this assump- 
tion is quite probably an optimistic one, it is reassuring that all re- 
sults obtained were less than the theoretical values. 


SUMMARY 


The use of the solubility product relationship in phase solubility 
analysis in aqueous solution has been shown to give reasonable 
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Figure 6-Plots of the data obtained for the a ldys i s  of pilocarpine it1 
samples containing: pilocarpine nitrate and isopilocarpine nitrate 
(curve 0; pilocarpine nitrate and berlzylamine (curve I I ) ;  arid pilo- 
carpine nitrate, benzylamine, arid methylsuccinic mid (curve I l l ) .  
AN analyses were carried out in 0.2 M acetate buffer, pH 3.9, at 25", 
using picric acid as the precipitating agent. Curves I1  and 111 show 
the appearance of a second Precipitate at low oalues of 1lQ.W. For 
the theoretical content of pilocarpine in the samples, see Table II .  
See text for  further discussion. 


6 I. H. Pitman and K. Uekama, these laboratories, personal cornmu- 
nica tion. 
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Table II-Data for Analysis of Various Samples Containing Monobasic Amines 


Bulk Sample 
Percent Percent KaP' Founda, 


Species Analyzed Expected Found g.2 x 104 Comment* 


Pilocarpine nitrate 


Pilocarpine nitrate 


Pilocarpine nitrate 


Pilocarpine hydrochloride 
Pilocarpine nitrate 


and isopilocarpine 
Pilocarpine nitrate 


and bemylamine 


Pilocarpine nitrate, 
benzylamine, and methyl- 
succinic acid 


(Brand A) 


(Brand A) 


(Brand B) 


Benzy lamine 
Benzylamine 


and aniline 
Atropine 
Mecamylamine hydrochloride 
Mecamylamine hydrochloride 


N,N-Diethylaniline 


Diisobut ylamine 


Pilocar pine 


Pilocarpine 


Pilocar pine 


Pilocarpine 
Pilocarpine 


Pilocarpine 


Pilocarpine 


Be nz y la mine 
Benzylamine 


Atropine 
Mecamylamine 
Mecamylamine 


N,  N-Dieth ylaniline 


Diisobut ylamine 


76.77 


76.77 


76.77 


85.10 
72.89 


69.82 


38.25 


100.00 
81 .OO 


100.00 


82.10 


100.00 


100.00 


82.10 


~ 


75.87 


75.68 


76.32 


84.95 
72.79 


69.53 


37.33 


99.82 
80.79 


99.10 
81.24 
81.65 


99.65 


95. 52d 


18.27 


24.00 


18.45 


18.63 
18.13 


18.12 


17.89 


85.81 
87.13 


20.61 
23 .OO 
31.45 


77.83 


633.44 


Used 0.5 M acetate 
buffer, pH 3.9 


- 


Second precipitate 
formed at higher 
concentration 


Second precipitate 
formed at higher 
concentration 


-c 


-c 


-C 


- 
Used 0.5 M 


buffer, pH 3.9 
Neat liquid used 


as sample 
Neat liquid used 


as sample 
~ 


= These values were obtained from expyiments in which the volume of buffer was 0.1 1. To convert these values to a solubility product in terms of 
(moles/liter)z, it is necessary to divide Ksp by ( M Q M B  X 10-2). *All samples were weighed out except as noted. Analyses were run at 25" in  0.2 M 
acetate buffer at pH 3.9, except as noted. c Sample was added as a stock solution in acetate buffer. d This sample was known to contain some im- 
purities of an undetermined nature (see text). 


results, with an accuracy generally of the same order as seen for 
normal phase solubility analysis. The methodology requires further 
detailed investigations with respect to  quantitative effects of pH, 
ionic strength, the effects of various impurities, and the extension of 
the method to  other polybasic amines. These and other related 
studies are planned or are currently in progress in these laboratories. 
It appears that the reported method will solve many problems 
associated with regular phase solubility analysis and will comple- 
ment methods presently used for the determination of purity for 
quality control and the development of reference standards. 


APPENDIX 


Derivation of Eq. 4 in the Text-Equation 3 from the text may 
be rearranged as shown in Eq. A1 : 


(B,) may be expressed as : 


8, = B, - Bp (Eq. A2) 


where B, is the weight of species B precipitated (as B+Q-) at equi- 
librium, and B, is the weight of B added initially. 


The value of B, may be expressed in terms of W, the weight of the 
sample added, and x ,  the weight fraction of B in the sample, as 
shown in Eq. A3: 


B, = xw (Eq. A3) 


Bp can be related to the weight of the precipitation agent which has 
been precipitated, Qp,  at equilibrium by use of the molecular 
weights of each species as shown in Eq. A4 (for a 1 : 1 salt): 


Furthermore, Qp is related to the weight of the precipitation agent 


added initially (Q.) and that in solution at equilibrium (Q.) by 
Eq. A5 : 


Qp = Qa - Qa (Eq. A51 


Using Eqs. A2 through A5 and substituting into Eq. A7, one ob- 
tains : 


which can be rearranged to  yield Eq. 4 as shown in the text. 


to Eqs. Al-A3 can be written for a species C: 
Derivation of Eq. 5 in the Text-A series of equations analogous 


c. = c. - c, 
c. = y w  


(Eq. A81 
0%. A91 


where all subscripts have the same meaning as above, and y is the 
weight fraction of species C in the sample. 


Combining Eqs. AS and A9 and substituting into Eq. A7 gives 
Eq. A10: 


(Eq. A10) 


The quantity C, may be expressed in a manner analogous to that 
used in the preceding derivation, as shown in Eqs. All-A13: 


(Eq. Al l )  


(Eq. A12) 
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Mc Mc 
MQ MB Q. C, = - (Qo - Q.) - - [xW - h)] (Eq. A13) 


Combining and rearranging Eqs. A13 and A10 result in Eq. 5 as 
shown in the text. 
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Cross-Resistance in Pseudomonas aeruginosa 
Resistant to Phenylethanol 


R. M. E. RICHARDS‘ and R. J. McBRIDE 


Abstract 0 The effects of benzalkonium, chlorhexidine, and phenyl- 
mercuric nitrate on exponential phase cultures of phenylethanol- 
sensitive Pseudomoms aeruginosa NCTC 6750 growing in nutrient 
broth and on phenylethanol-resistant cells growing in nutrient 
broth plus 0.2x phenylethanol v/v were determined. The resistant 
cultures grown in the presence of phenylethanol were more sen- 
sitive to benzalkonium, chlorhexidine, and phenylmercuric nitrate 
than phenylethanol-sensitive cells grown in nutrient broth. Phenyl- 
ethanol-antibacterial combinations were active against phenyl- 
ethanol-resistant and phenylethanol-sensitive cultures. Survival 
times in solutions of benzalkonium, chlorhexidine, and phenyl- 
mercuric nitrate were determined for overnight P .  aeruginosu cells 
grown in nutrient broth and for overnight P .  aeruginosu cells 
trained to be resistant to phenylethanol and grown in nutrient 
broth plus 0.5 phenylethanol v/v. The cells grown in the presence 
of the phenylethanol were more sensitive to the action of the three 
antibacterials than the cells grown in nutrient broth alone. 


Keyphrases 0 Pseudomonus aeruginosa cultures, phenylethanol 
resistant and sensitive-effect of benzalkonium, chlorhexidine, 
phenylmercuric nitrate Phenylethanol-resistant and sensitive 
Pseudomonas aeruginosa cultures-effect of benzalkonium, chlor- 
hexidine, phenylmercuric nitrate IJ Benzalkonium effect-phenyl- 
ethanol-resistant and sensitive Pseudomonus aeruginosa cultures 0 
Chlorhexidine effect-phenylethanol-resistant and sensitive Pseu- 
domonas aeruginosa cultures 0 Phenylmercuric nitrate effect- 
phenylethanol-resistant and sensitive Pseudomonas ueruginosa 
cultures 


Phenylethanol was first recommended for use as a 
preservative for ophthalmic solutions in 1953 (1) follow- 
ing a report that it was active against Gram-negative 
organisms (2). Other workers found phenylethanol to 
have too slow an antibacterial action for use in ophthal- 


mic solutions (3). It has been shown that phenylethanol 
exerts its antibacterial effects by modifying the perme- 
ability properties of the bacterial cell (4? 5). 


Richards et al. ( 5 )  suggested that phenylethanol had a 
use in cornbination with other antibacterial agents in 
the preservation of ophthalmic solutions and other 
pharmaceutical solutions. Subsequently, the activities 
of a wide range of preservatives used in the preservation 
of ophthalmic solutions were shown to be enhanced 
when used in combination with phenylethanol (5-10). 


Although there is widespread use of antibacterial 
combinations as preservative systems in pharmaceutical 
solutions (1 I), there is little or no published support for 
some of the combinations used. Neither has there been 
any enumeration of the properties required of an anti- 
bacterial combination or of the individual components 
of the combination. The following properties seem de- 
sirable for the combination: 


1. The antibacterial combination should have a 
faster sterilization time against the test organism than 
the same concentration of either of the antibacterials 
used individually. For ophthalmic solutions, this steril- 
ization time should be 1 hr. or less for an inoculum of 
Pseudomonas aeruginosa having a final concentration 
in the test system of not less than lo6 cells/ml. (3, 9, 10). 


2. The antibacterial combination should still be effec- 
tive when the test organism has acquired a resistance 
to either one of the antibacterials. 


3. The spectrum of activity of the combination should 
include pathogenic Gram-positive and Gram-negative 
bacteria and fungi. 
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African green monkey kidney cells were used in the 
studies?. The stock solution of cells was diluted so that 
1.0 ml. of cell suspension contained from 80,000 to 
100,000 cells. One milliliter of the prepared cell suspen- 
sion was then seeded into 8-cm. long tissue culture tubes. 
The growth medium contained 10% of fetal bovine 
serum and 1 of SV-40 antiserum. Normally the cells 
grew to a full  sheet in 8-10 days when they were used in 
the experiments. 


Coxsackie B-5 and polio type I viruses were used as 
examples of RNA viruses, and herpesvirus hominis was 
used as an example of a DNA virus. Virus units of 10 
and 100 were tested simultaneously. The cryptopleurine 
solution was tested for cytotoxic effects; by diluting it to 
10-5, the solution was devoid of appreciable cytotoxic 
effects and was suitable to carry out all experiments. 
Three types of inoculation of the African green monkey 
kidney cell medium were performed. 


In the first experiment, 0.2 ml. of virus (10 and 100 
units, respectively) and 0.8 ml. of Solution A diluted 
10-5 were mixed prior to inoculation of the cells. In the 
second experiment, the cell suspension was covered with 
1.0 ml. of Solution A diluted for 2 hr. prior to in- 
oculation with each test virus. In the third experiment, 
the cell suspension was covered with 1.0 ml. of 
Solution A diluted allowed to stand for 3 
days, and then inoculated with the virus. The tubes 
were observed daily and the results were recorded. After 
2-4 days, when a 3-44 cytopathogenic effect of the 
virus control was observed, the experiment was termi- 
nated. 


? A suspension of cells was obtained from the BBL Laboratories 


B O O K S  


Solution A diluted gave complete cytopatho- 
genic effect protection against 10 units of herpesvirus 
hominis and partial protection against 100 units of the 
virus when the conditions of the third experiment were 
employed. No protection against the cytopathogenic 
effect was observed with any of the viruses under the 
conditions of the first two experiments nor with polio 
type I or coxsackie B-5 viruses under the conditions 
of the third experiment. 


It appears that cryptopleurine is active only against 
herpesvirus horninis of the three viruses tested with 
exposure to the African green monkey kidney cell 
suspension for 3 days prior to exposure to the virus. 
The mechanism of the antiviral effect of cryptopleurine 
against herpesvirus horninis will be the subject of future 
investigations. 


(1) N. R.  Farnsworth, N. K .  Hart, S. R .  Johns, J. A. Lamberton 
and W. Messmer, Awrr. J .  Clretn., 22, 1805(1969). 
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REVIEWS 


Laboratory Animals-An Annotated Bibliography of Informational 
Resources Covering Medicine-Science (Including Husbandry)- 
Technology. Edited by JULES S. CASS. Hafner Publishing Co., 
Inc., 866 Third Ave., New York, NY 10022, 1971. vi + 250 pp. 
22 X 28.5 cm. Price $14.95. 
Three separate compilations of articles related to laboratory 


animals make up this book. As a source book, the value and ease of 
use are diminished by the way the book is presented. 


The original compilation is on pages 1-1 36; the first supplement 
starts on another page 1 and continues through page 148. The 
indexes to the first two compilations start on page 149 and go 
through page 250. The third compilation starts on a third page 1 
and ends on page 42, with its own index on pages43-60. 


The first two compilations go through early 1963. The third 
compilation was apparently prepared in 1970; however, it includes 
a number of items listed in the previous compilations. 


Each compilation is broken down into a number of areas of 
interest. Complete bibliographic information is included and an 
abstract summarizing the article is presented. 


It appears to be a good reference source for articles on various 
aspects of the use of laboratory animals, at least through early 
1963. 


Stuff Reciew 


The Use of Cannabis. Report of a WHO Scientific Group. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th S t . ,  N.W., 
Washington, DC 20036. 47 pp. 16 X 24 cm. Price $ 1  .oO. 
The recent advances in cannabinoid chemistry are discussed and 


the historical trends in the use of Cannabis in various parts of the 
world are outlined. Current knowledge of the effects of Cannabis on 
man is reviewed and research needs are suggested. 


Staff Review 
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Phase Transitions in Binary Mixtures of 
Cholesteryl Esters 


SYLVAN G .  FRANK' and BONNIE G .  BYRD 


Abstract 0 Phase transitions in mixtures of mesomorphic (liquid 
crystalline) cholesteryl esters were studied by visual thermal micros- 
copy. Binary mixtures of saturated cholesteryl esters (cholesteryl 
nonanoate, myristate, and palmitate) and binary mixtures of these 
saturated cholesteryl esters and an aromatic cholesteryl ester 
(cholesteryl benzoate) show transitions from the solid phase to the 
mesomorphic phase a t  temperatures that are depressed well below 
the phase transition temperature of either pure compound. How- 
ever, the mesomorphic to isotropic phase transition temperatures 
are virtually linear functions of the composition of the mixtures. 
The result is that the temperature range over which the binary mix- 
tures are mesomorphic is greatly expanded when compared to the 
narrow range observed for the individual components. The solid to 
mesomorphic phase transitions of these mixtures occur above body 
temperature. However, binary mixtures of the saturated cholesteryl 
esters with unsaturated cholesteryl esters (cholesteryl oleate and 
linoleate) are mesomorphic at  body temperature except at low con- 
centrations of the unsaturated ester. The unsaturated cholesteryl 
esters along with small amounts of other cholesteryl esters are 
major components of lipid droplets found in atheromatous lesions. 
The mesomorphic behavior of mixtures of the cholesteryl esters may 
be related to their interassociations in these lesions. 


Keyphrases Phase transitions-binary mixtures of cholesteryl 
esters 0 Cholesteryl esters-phase transitions in binary mixtures 0 
Thermal microscopy, visual-determination, phase transitions in 
mixtures of cholesteryl esters 


Cholesteryl esters belong to a class of compounds 
that do not melt directly from a crystalline solid to an 
isotropic liquid but proceed from the solid state to the 
isotropic liquid through an intermediate mesomorphic 
phase or liquid crystalline phase (1-4). The latter term 
refers to the liquid mobility of the phase while the 
molecules remain in domains arranged in an anisotropic 
ordered array similar to a solid (1-4). Two phase transi- 
tions are observed: the first from crystalline solid to the 
mesomorphic phase and the second, at a higher tempera- 
ture, from the mesomorphic phase to an isotropic liquid. 


Liquid crystals can be categorized into three structural 
arrangements. The simplest and least-ordered molecular 
arrangement is the nematic type, consisting of parallel- 
oriented rodlike molecules arranged in bundles but not 
in layers (1, 4). The smectic mesomorphic phase has 
rodlike molecules arranged parallel to one another in 
stratified layers. Within each layer, the molecules may be 
in a regular or random arrangement (1). 


The cholesteric mesomorphic phase is the third type 
of liquid crystal and is exhibited primarily by cholesterol 
esters but not by cholesterol itself. The cholesteric meso- 
morphic phase resembles the smectic type in that the 
molecules are arranged in stratified layers; it is also 
similar to the nematic type in that the molecules are in a 
random parallel arrangement. However, the layers are 
thin and the long axes of the molecules are parallel to 
the plane of the layer. The projection of a methyl group 
from the otherwise reasonably flat molecule gives a 


slight displacement of the long axes of the molecules in 
each layer. This gives rise to  a screw-axis that runs 
through the layers, and it is this helical pattern that 
gives the very high optical activity characteristic of this 
class of liquid crystals (1,2). 


Most cholesteric compounds are white solids at 
temperatures below the transition temperature into the 
mesomorphic phase, and they are colorless liquids at 
temperatures above which they can exist in the meso- 
morphic phase. However, they exhibit a spectrum of 
colors as a function of temperature as they pass through 
the mesomorphic phase ( 3 ,  5). Lower temperatures, 
which correspond to higher degrees of molecular order, 
result in the scattering of colors of longer wavelength, 
while higher temperatures create lower degrees of 
molecular order and cause the scatter of lower wave- 
length light (5).  In addition, cholesteric liquid crystals 
have an iridescence, due to circular dichroism, when 
they are illuminated by white light ( 3 ) .  


Not only is the basic physical chemistry of the 
cholesteryl esters of interest, but many of these com- 
pounds are found in vivo and are known to be of impor- 
tance in disease states such as atherosclerosis. Their 
wide distribution in the body :;uggests that they are 
important in many normal or pathological functions 


Although the physical state of individual saturated, 
monounsaturated, and polyunsaturated cholesteryl 
esters has been studied (7, 8 ) ,  the properties and 
behavior of mixtures of these esters have received only 
limited attention. Small (8) studied the physical state of 
mixtures of cholesteryl oleate and cholesteryl linoleate. 
However, there are no reports of the state of binary 
mixtures of saturated cholesteryl esters, of saturated and 


(196). 
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Figure 1-Phase diugram f o r  mixtures of cholesteryl tiotzanoate 
and cholesreryl palmitate. 
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unsaturated cholesteryl esters, and of various com- 
binations of saturated or unsaturated cholesteryl 
esters with an aromatic cholesteryl ester. The object of 
this report is to discuss the physical state of representa- 
tive mixtures in each category with reference to  their 
possible relationships to  biological systems. 


40" 


30" 


EXPERIMENTAL 


Materials--Cholesteryl nonanoate', myristate', palmitate', stea- 
rate', oleate', and holeate '  were recrystallized three times from 
boiling ethanol (7) and dried under vacuum at 30" for 48 hr. 
Cholesteryl benzoate2 was recrystallized three times from boiling 
wpentanol(9) and dried under vacuum at 30" for 48 hr. The meso- 
morphic phase transition temperatures of these esters as observed 
in the polarizing microscope were in good agreement with previ- 
ously reported values (2, 8). 


Instrumentation--All samples were observed between crossed 
polarizers in a microscope3. A microscope hot stage4 was used to  
maintain isothermal conditions when necessary and to  heat the 
samples at linear programmed rates. The initial heating rate for 
scanning purposes was an increase of Z"/min., while most experi- 
mental determinations we.re made at  O.Z"/min. 


Preparation of Mixtures and Samples for Microscopy-Mixtures 
of the cholesteryl esters were prepared by fusing the two compon- 
ents i n  small Pyrex culture tubes with Teflon-lined screw caps. The 
mixtures were melted and stirred with a fine glass rod before sealing. 
'The mixtures were slowly cooled to room temperature and allowed 
to equilibrate at ambient temperature for 72 hr. before use. 


A sample of the powdered mixture was placed on a glass slide, 
and a coverslip was placed over the sample to produce a thin wedge- 
like sample with one edge: of the coverslip resting on the slide. 


Microscopic Examination of Samples-All samples were heated 
from 30' to their respective isotropic transition temperatures. The 
anisotropic solid t o  anisotropic mesomorphic phase transition tem- 
perature was that at which the first melting of the sample wasob- 
served. Depending on the sample, this took the form of a small 
liquid ring on the slide or a slight darkening or blurring of the sam- 
ple. The mesomorphic phase to isotropic liquid transition tempera- 
ture was the temperature at  which the sample became completely 
isotropic. Three samples for microscopy were taken from different 
portions of each mixture. Agreement between these runs was good 
(+0. I "). indicating good mixture homogeneity. Duplicate mixtures 
agreed within 4: I . 


. SOL I D  


. 


RESULTS AND DISCUSSION 


As seen i n  Fig. I .  the solid to mesomorphic phase transition tem- 
perature for mixtures of cholesteryl nonanoate and cholesteryl 
palmitate is depressed below that of the phase transition tempera- 
ture of either pure compound. However, the mesomorphic to iso- 
tropic phase transition temperatures change linearly with the chang- 
ing composition of the mixture. When two pure crystalline com- 
pounds are mixed, the melting point of the mixture probably will be 
depressed below that of either of the pure compounds. When two 
compounds that gi\,e mesomorphic phases are mixed, it is reasonable 
10 a w m e  that thr: mesomorphic transition temperatures will be 
depreswd (2). I f  both components are capable of giving a meso- 
morphic phase. t1ic.n the mixture can be expected to be mesomor- 
phic. The result (Fig. 1) is that for mixtures of cholesteryl nonanoate 
and cholesteryl palmitate, the mesomorphic phase region is greatly 
enlarged when compared to the nlesomorphic region of the indi- 
vidual pure compounds. For particular mixtures of the two com- 
ponents, the lower limit of the mesomorphic region extends to 
rather low temperatures. This is not unlike a eutectic phenomenon, 
and  indeed there are two minima on the solid to mesomorphic phase 
transition temperature curve (Fig. 1) at molar ratios of cholesteryl 
palmitate to cholesteryl nonanoate of approximately 1 : 6 and 1 : 2. 
The overall pattern of phase transitions in the mixtures of meso- 
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Figure 2-Phase diagram for mixtures of cholesteryl myrisrare atid 
clro festeryl palmitate. 


morphic compounds differs from that of mixtures of nonmeso- 
morphic eutectic compounds (10, 1 1); however, certain behavioral 
aspects may be similar in nature. Mixtures of the cholesteryl esters 
are miscible in the mesomorphic phase and in the isotropic liquid 
phase. The two minima on the solid to mesomorphic phase transi- 
tion curve each appear to represent the precipitation of two mutu- 
ally saturated liquid crystalline solutions to form an interstitial or 
a substitutional (10) solid solution. The latter structural arrange- 
ment is more probable since the components are virtually identical 
in molecular size and shape. The lower transition temperature ot' 
the 1 : 6 mixture indicates that the solid solution crystal lattice 
energy of this mixture is lower than that of the 1 : 2 mixture. It is of 
interest to note that at  0.25 mole fraction of cholesteryl palmitate. 
the solid to mesomorphic phase transition curve shows a peak, 
indicative of a favorable composition having a small thermal 
stabilization effect on the solid solution. 


The virtual linearity of the mesomorphic to isotropic transition 
temperature curve with changing composition of the mixture was 
reported by Gray (2). This behavior suggests that the two meso- 
morphic components have a low degree of mutual interaction at 
this transition temperature, consistent with the low degree of 
molecular order expected at  this transition. This is in general agree- 
ment with calorimetric studies of aliphatic esters of cholesterol in 
which it was found that less than 1 cal./g. was required for the meso- 
morphic to isotropic phase transition (4, 12, 13). Approximately 2% 
of the total entropy gain on heating these esters from the solid to the 
isotropic phase is at  the mesomorphic to isotropic phase transition 
temperature (4, 12, 13). 


The detailed binary phase diagram can be expected to be con- 
siderably more complex than the relatively simple diagrams in Fig. 
1 and in subsequent figures in this report. Aside from the major 
phase transitions, two or more phases can be expected to exist in 
equilibrium at a number of locations on the phase diagram (8). 
Such phase equilibria do  exist: however, this report is concerned 
with the major phase changes in these systems. Work is currently 
underway to identify and characterize these equilibrium phases. 
These studies are facilitated by the use of depolarized light intensity 
analysis (14, 15) in conjunction with visual thermal microscopy. 


The effect of an increase in the chain length of one of the choles- 
teryl esters in a binary mixture is illustrated in Fig. 2, which shows 
the thermal behavior of mixtures of cholesteryl myristate and 
cholesteryl palmitate. Increasing the chain length of one component 
has the effect of increasing the temperature at  which the entire solid 
to mesomorphic phase transition occurs, apparently due to the 
stronger chain interactions of the long chain cholesteryl esters in the 
solid solution of this mixture compared to those in the previous 
mixture (Fig. I )  of short and long chain cholesteryl esters. The solid 
to mesomorphic phase transition temperature curve for these 
cholesteryl ester mixtures has three minima and two peaks, the 
interpretation of which was already discussed for the similar be- 
havior of the cholesteryl nonanoate-cholesteryl palmitate systems. 


The mesomorphic behavior of mixtures of an aromatic cliolesteryl 
ester (cholesteryl benzoate) and a saturated cholesteryl ester (choles- 
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Figure 3-Phase diagram .for mixtures of cholesieryl nonanoate and 
cholesteryl benzoate. 


teryl nonanoate) can be seen in Fig. 3. The general pattern of the 
thermal behavior of these systems is similar to that of the mixtures 
of saturated cholesteryl esters, except that the mesomorphic region 
in  the cholesteryl benzoate-cholesteryl nonanoate mixtures is 
larger and the solid to mesomorphic phase transition temperature 
curve occurs at slightly lower minimum temperatures. This is of 
interest In view of the rather high mesomorphic phase transition 
temperature limits for cholesteryl benzoate. However, an increase 
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Figure &Phase diagram for mixtures of cholesteryl palmirate and 
cholesteryl benzoate. 


in the chain length of the saturated cholesteryl ester to cholesteryl 
palmitate (Fig. 4) produces a reduction in the size of the meso- 
morphic phase region over the entire concentration range and a 
significant rise in the temperature at the: lower limits of this phase 
when compared to that of the cholesteryl benzoate-cholesteryl 
nonanoate mixtures (Fig. 3). A single minimum in the solid to meso- 
morphic phase transition temperature curve is seen in Fig. 4 at 0.57 
mole fraction of cholesteryl benzoate. 


The mesomorphic to isotropic liquid phase transition temperature 
curve remains a linear function of concentration for both mixtures 
(Figs. 3 and 4), similar to the behavior of the binary mixtures of the 
saturated cholesteryl esters (Figs. 1 and 2). 


The study of mixtures that are mesomorphic at body temperature 
may have relevance to an understanding of the physical state of some 
lipids of biological importance, particularly as related to athero- 
sclerosis. It has been well established that the a- and @-lipoproteins 
in the plasma (16-18) and the lesions of atherosclerosis (17,18) con- 
tain a large variety of cholesteryl esters. The mechanism by which 
the cholesteryl esters accumulate in the lesions has been the object 
of much controversy. Abnormal filtration of low density plasma 
lipoprotein, metabolic faults affecting the outgoing flux of lipopro- 
tein from the arterial wall, and enzymatic synthesis from cholesterol 
within the arterial wall are but a few of the possible mechanisms 
(17-20). The lipid accumulations have been found to exist in droplet 
form within cells and in the extracellular spaces (18). 


Approximately 70-80% of the cholesteryl esters in a- and @-lipo- 
proteins and in atheromatous lesions are cholesteryl oleate and 
cholesteryl linoleate. There are also small amounts of cholesteryl 
palmitate, cholesteryl palmitoleate, cholesteryl arachidonate, cho- 
lesteryl stearate, and cholesteryl myristate, and lesser amounts of a 
number of other cholesteryl esters (18, 21). 


Preliminary experiments conducted in this laboratory indicate 
that binary mixtures of a saturated and an unsaturated cholesteryl 
ester show thermal behavior similar to that of the mixtures of cho- 
lesteryl esters reported here. Mixtures of cholesteryl oleate (meso- 
morphic range 17-50") and cholesteryl nonanoate are mesomorphic 
in the body temperature range at mole fractions of cholesteryl oleate 
of 0.1 or greater. However, for mixtures of cholesteryl palmitate and 
cholesteryl oleate, the mesomorphic phase at body temperature is 
found at  mole fractions of cholesteryl oleate greater than 0.25. 
Similar values are obtained for mixtures of cholesteryl linoleate 
(mesomorphic range 38-46") and cholesteryl nonanoate or choles- 
teryl palmitate. 


All mixtures of cholesteryl oleate and cholesteryl holeate are 
mesomorphic at body temperature. This is consistent with the work 
of Small (8). 


The chain length of the cholesteryl esters in binary mixtures ap- 
pears to have a significant role in the mesomorphic properties and 
thermal behavior of the mixtures. The depression of the solid to 
mesomorphic phase transition temperature is of sufficient magnitude 
in most binary mixtures of an unsaturated and a saturated choles- 
teryl ester to bring the mesomorphic phase of the mixture into the 
body temperature range. This may be a possible mechanism by 
which the high melting cholesteryl esters are prevented from pre- 
cipitating from the cholesteryl ester droplets found in atheromatous 
lesions. The cholesteryl ester droplet is believed to be mesomorphic 
(8) and, as indicated earlier, analysis of the droplets revealed a wide 
variety of cholesteryl esters, many of which are solid at body tem- 
perature. 


Considering the biological and pathological importance of these 
cholesteryl esters, studies such as this may prove helpful in under- 
standing the function and mutual dependency of these lipids. 
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Toxogonin and Pralidoxime: Kinetic Comparison after 
Intravenous Administration to Man 


FREDERICK R. SIDELL’, WILLIAM A. GROFF, and ANDRIS KAMINSKIS 


tramuscular administration of equal doses (milligrams 
per kilogram), plasma levels of the oxime produced 
by toxogonin were four times higher than those pro- 
duced by pralidoxirne ( l ,  2). Urinary excretion 
of both oximes was quite high: 84 % of the dose for 
toxogonin and 91 of the dose for pralidoxime chlo- 


Abstract 0 After intravenous administration to humans, the chlo- 
ride and niethaiiesulfonate salts of pralidoxime were found to have 
identical pharmacokinetic characteristics. Toxogonin had a much 
smaller volume of distribution and a lower renal clearance rate. 
These findings explain the fivefold difference in plasma concentra- 
tions after similar doses of toxogonin and pralidoxime. 


Keyphrases ‘J ‘Toxogonin-pralidoxime-kinetic comparison after 
intravenous administration, man 0 Pralidoxime-toxogonin- 
kinetic conipari:con after intravenous administration, man 0 Vol- 
ume of distribution-rmeview of definitions and interrelationships of 
various terms [J Anticholinesterase intoxication therapy-kinetic 
comparison of toxogonin and pralidoxime, intravenous administra- 
tion, man C] Pyridinium oxinies-kinetic comparison of toxogonin 
and pralidoxirrie, intravenous administration, man 0 Pharma- 
cokinetics--comparison of toxogonin-pralidoxime, intravenous 
administration, man. volume of distribution terms reviewed and 
compared 


The pyridinium oximes are widely accepted as valu- 


ride. 
These findings strongly suggest a difference in the 


volume of distribution for these compounds. To in- 
vestigate this further, the two drugs, along with pra- 
lidoxime methanesulfonate,’ were given intravenously 
to volunteer subjects. 


Although in principle its meaning should be clear, 
the term “volume of distribution” has been defined 
in various ways (3). A brief review of these definitions 
and their interrelationships is also given in this report. 


EXPERIMENTAL 


able adjuncts to  atropine in the therapy of anticho- 
Subjects-The subjects were U. S. Army enlisted men who 


dine aldoxime methochloride) iS the preparation used in Each had a complete medical evaluation including a physical ex- 
this country, and toxogonin [N,N’-oxydimethylene amination, chest X-ray, ECG, and laboratory tests [hematocrit, 
bis(pyridjn jum-4-aldoxime)djchloridel is preferred in total and differential white blood cell count, urinalysis, blood urea 
E ~ ~ ~ ~ ~ .  ~h~ two structures are basically similar, but nitrogen (BUN), serum glutamic oxaloacetic transaminase (SGOT), 


alkaline phosphatase, bilirubin, creatinine, and red blood cell and toxogonin plasma cholinesterase] and were found to be free from abnormality 
an oxygen mo1eci.de. Thus, it is about twice the size before being accepted into the study. 
and weight of Dralidoxime chloride. Methods-Ideally, this study should have had a crossover design; 


linesterase intoxication. Pralidoxime (2-pyri- volunteered to  participate after the test was discussed with them. 


Of two pyridinium rings linked by 


” 
Previous studie!; with pralidoxime chloride and toxo- 


gonin showed a ,narked difference in the relationship 
between dose and plasma concentration be- 


however, the subjects were available for only a short time, and 
multiple venipunctures twice in this period did not seem warranted. 


The subjects were admitted to  the test ward on the evening be- 
fore the test. On the morning of the test, they were given a light 


tween these two closely related materials. After in- breakfast and thereafter they were urged to drink large amounts of 
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Kinetics of Polymorphic Transformation of 
Sulfathiazole Form I 


ELIE G. SHAMI*, PETER D. BERNARDO, ELISABETH S. RATTIE, and LOUIS J. RAVIN' 


Abstract 0 A quantitative method is presented which utilizes 
differential scanning calorimetry for the determination of sulfa- 
thiazole Form I in the presence of sulfathiazole Form 11. Data are 
included which demonstrate that the method can be utilized to 
follow the rate of transformation of Form 1 to Form 11. The kinetics 
for this transition have been described as being somewhat analogous 
to diffusion-controlled crystal growth from solution. An activation 
energy of 56 kcal./mole was calculated for the system. This value 
was in agreement with the activation energy obtained using a 
differential thermal method. 


Keyphrases 0 Sulfathiazole Form I-quantitative method for 
determining Form I in presence of Form 11, kinetics of polymorphic 
transformation, differential scanning calorimetry 0 Transformation 
kinetics-sulfathiazole Form I and Form 11, quantitative differential 
scanning calorimetric method 0 Differential scanning calorimetry- 
determination of polymorphic transformation of sulfathiazole 
Form I in presence of Form 11, kinetics 


The thermal behavior of sulfathiazole has been 
studied by a number of workers (1-3). Most describe 
methods for preparing various forms and their subse- 
quent characterization. Moustafa and Carless (4) re- 
ported the use of differential scanning calorimetry to  
estimate the amount of sulfathiazole Form I in the 
presence of sulfathiazole Form 11. They also observed a 
rapid change of Form I to Form I1 above the transition 
temperature and essentially no change below the transi- 
tion temperature. This paper reports the quantitative de- 
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Figure 1-Calibration curve for sulfathiazole Form I [rate of heating, 
4O"lmin.; sensitivity range, 4; chart speed, 10.2 cm. ( 4  in.)/min.]. 


Table I-Determination of Form I in Presence of Form I1 by 
Differential Scanning Calorimetry 


Percent Form Percent Form I 
Percent Error Found" Mixture I Theoretical 


A 51.5 50.1 f 0 . 7  -2.7 
B 68.5 68.9 3~ 0 . 4  +0.6 
C 74.0 74.8 f 0 . 6  +1 . o  
D 20.2 21.4 f 0 . 7  +5.9 


a Average of four determinations. 


termination of sulfathiazole Form I in the presence of 
sulfathiazole Form I1 and the use of this quantitative 
procedure to follow the kinetics of transformation of 
sulfathiazole Form I to sulfathiazole Form 11. 


EXPERIMENTAL 


Materials-Sulfathiazole Form I was prepared by slow recrystal- 
lization from an acetone-chloroform solvent system. Sulfathiazole 
Form I1 was prepared by heating Form I to 180". IR analysis was 
used to identify the presence of both forms. 


SULFATHIAZOLE FORM I 


ORIGINAL 


23.5 HOURS \ I  


72HOURS v 
168 HOURS 


I 1 1 
450°K 440°K 430°K 


Figure 2-Plot illustrating the change in transition endotherm with 
time forsulfathiazole Form Iat415"K. 
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Figure 3.- -Plot illustrating the rate of transformation of sulfathiazole 
Form I at several temperatures. 


Apparatus-A differential scanning calorimeter' with a recorder 
attachment* and an effluent analyzer was used. Samples of indium 
(purity 99.9973 were used to calibrate the instrument. The areas 
under the transition endotherms were measured with a planimeter3. 


Determination of Standard Curve-Known quantities of sulfa- 
thiazole Form I, previously treated to minimize the effect due to 
particle size, were accurately weighed. Thermograms of these 
samples were run using a heating rate of 40"/rnin. at  a sensitivity 
range of 4 and a chart speed of 10.2 cm. (4 in.)/min. Nitrogen gas 
was flowing at a rate of 15 ml./min. during the experiment. These 
conditions were used for all differential scanning calorimetry de- 
terminations. The area under the transition endotherm was deter- 
mined. 


Utility of Standard Curve-Known quantities of sulfathiazole 
Forms 1 and 11 were intimately mixed in a mortar. Samples weighing 
from 4 to 9 mg. were accurately weighed into aluminum pans. Ther- 
mograms of these samples were run, and the areas under the transi- 
tion endotherms were determined. 


Kinetic Experiment-Pure sulfathiazole Form I, 3.0 f 0.1 mg., 
was weighed into aluminum pans. The samples were then placed 
in the analyzer unit of the differential scanning calorimeter at  
selected constant temperatures (425, 420, 415, and 395°K.) for 
various time intervals. Thermograms for each sample were run as 
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Figure 4 -Plot illustrating the rate of transformation of sulfathiazole 
Form I at 395 'K.  


1 Perkin-Elmer model DSC-1-B. 
2 Serva-riter 11. 
3 KeuKel & Esser. 
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Figure 5-Typical Arrhenius-type plot showing the temperature 
dependency for the transirioti of sulfrrrliiazole Form I to sulfatiriarole 
Form 11. 


previously described. The area under the transition endotherms was 
determined. The amount of Form I remaining was calculated utiliz- 
ing the thermal constant from the standard curve. 


Effect of Heating Rate-Samples of sulfathiazole Form I were 
run on the differential scanning calorimeter at heating rates of 5, 
10, 20, and 40"/min. The maximum transition temperature was 
determined by drawing a linear segment from each end of the 
transition endotherm and then drawing a line perpendicular from 
the baseline through the intercept at the height of the transition 
endotherm. 


RESULTS AND DISCUSSION 


Figure I illustrates a linear relationship between the amount of 
sulfathiazole Form I and the peak area of the transition endo- 
therm. This relationship was utilized to quantitate the amount of 
Form I in a sample. Accordingly, by using the value for the slope of 
this line from the standard curve (6.1186 cm.Z/mg.). analysis of' 
unknown samples could be made. To verify this, mixtures of the 
stable and metastable (Forms I and 11) sulfathiazole were prepared, 


HEATING RATE 


P, 
TEMPERATURE 430°K 


Figure C-Efecr of heating rate otr the peak muximum temperuture 
for the trarisitioti etidotherm. The method for determining the peak 
maximum temperature is shown for the IO"/min. triai. 
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Figure 7-Plot showing the relationship of heating rate and peak 
maximum temperature for the transition endotherm in determining the 
thermodynamic activation energy. 


in which the amount of Form I in the mixtures varied from 20 to 
74%. The results of this experiment are shown in Table I. Excellent 
agreement was found between the experimental and theoretical 
values. These data show a higher degree of accuracy than was found 
in the work of Moustafa and Carless (4). 


The kinetics of the transformation of sulfathiazole Form I were 
studied at 395,415,420, and 425°K. Figure 2 depicts the change in 
the transition endotherm as a function of time at 415°K. The fact 
that the transition endotherm is changing with time indicates that 
Form I is slowly disappearing. Figures 3 and 4 illustrate the data 
obtained in the kinetic studies in which a linear relationship re- 
sulted when the area of the transition endotherm was plotted versus 
the square root of time. These results suggest that the transition is 
analogous to the diffusion-controlled crystal growth from solution 
(5). Reaction rates were determined for the rates of conversion. A 
typical Arrhenius-type plot of the data is presented in Fig. 5. From 


these data the apparent heat of activation was determined to be 
approximately 56 kcal./mole. To verify this, the thermodynamic 
activation energy for the transition of Form I to Form I1 was de- 
termined by an alternate method (6). Similar to the work of Hi- 
muro et al. (7), the peak maximum temperature for the transition 
endotherm was measured at various heating rates. The data are 
illustrated in Fig. 6. As expected, the peak maximum temperature 
decreased as the heating rate decreased. Utilizing the following 
equation of Kissinger (6): 


where @ is the heating rate, and T,  is the peak maximum tempera- 
ture for transition, a plot of In +/Trnz oersus l/T,n should yield a 
straight line with a slope of -E /R .  This is illustrated in Fig. 7. 
The energy of activation as determined by this method was ap- 
proximately 57 kcal./mole. The value is in good agreement with 
the results obtained isothermally. The data presented in this study 
suggest that the differential scanning calorimeter can be utilized 
as a quantitative analytical tool to follow the kinetic transforma- 
tion of polymorphic materials. 
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Acetyldigoxin and Acetyldigitoxin from Digital is lanata 


OLE GISVOLD 


Abstract 0 This paper describes the ready separation of acetyl- 
digoxin from acetyldigitoxin when these secondary glycosides are 
isolated in combination from Digitalis lanara, fresh or dried, con- 
taining the maximum amounts of the native glycosides. The initial 
primary extract used 35 % aqueous methanol and enzyme-favoring 
conditions. Final separation of the two acetyl glycosides was 


Previous reports described the preparation of acetyl- 
digoxin (1 )  from Digitalis lanata and acetyldigitoxin (2) 
from Digitalis siberica and Digitalis mertonensis. In 
the case of D .  lanata, an aqueous primary extract of the 


effected by partitioning between 12.5 aqueous methanol and 
benzene or toluene. 
Keyphrases jJ Acetyldigoxin-separation from acetyldigitoxin in 
Digitalis lanata extracts 0 Acetyldigitoxin-separation from acetyl- 
digoxin in Digitalis lanata extracts 0 Digitalis lanata extracts- 
separation of acetyldigoxin from acetyldigitoxin 


fresh leaves was used; in the case of D .  siberica and 
D .  mertonensis, 35% aqueous methanol was used to 
prepare a primary extract from either the fresh or dried 
leaves. Solubility characteristics of the acetyl glycosides, 
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Mc Mc 
MQ MB Q. C, = - (Qo - Q.) - - [xW - h)] (Eq. A13) 


Combining and rearranging Eqs. A13 and A10 result in Eq. 5 as 
shown in the text. 
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Cross-Resistance in Pseudomonas aeruginosa 
Resistant to Phenylethanol 


R. M. E. RICHARDS‘ and R. J. McBRIDE 


Abstract 0 The effects of benzalkonium, chlorhexidine, and phenyl- 
mercuric nitrate on exponential phase cultures of phenylethanol- 
sensitive Pseudomoms aeruginosa NCTC 6750 growing in nutrient 
broth and on phenylethanol-resistant cells growing in nutrient 
broth plus 0.2x phenylethanol v/v were determined. The resistant 
cultures grown in the presence of phenylethanol were more sen- 
sitive to benzalkonium, chlorhexidine, and phenylmercuric nitrate 
than phenylethanol-sensitive cells grown in nutrient broth. Phenyl- 
ethanol-antibacterial combinations were active against phenyl- 
ethanol-resistant and phenylethanol-sensitive cultures. Survival 
times in solutions of benzalkonium, chlorhexidine, and phenyl- 
mercuric nitrate were determined for overnight P .  aeruginosu cells 
grown in nutrient broth and for overnight P .  aeruginosu cells 
trained to be resistant to phenylethanol and grown in nutrient 
broth plus 0.5 phenylethanol v/v. The cells grown in the presence 
of the phenylethanol were more sensitive to the action of the three 
antibacterials than the cells grown in nutrient broth alone. 


Keyphrases 0 Pseudomonus aeruginosa cultures, phenylethanol 
resistant and sensitive-effect of benzalkonium, chlorhexidine, 
phenylmercuric nitrate Phenylethanol-resistant and sensitive 
Pseudomonas aeruginosa cultures-effect of benzalkonium, chlor- 
hexidine, phenylmercuric nitrate IJ Benzalkonium effect-phenyl- 
ethanol-resistant and sensitive Pseudomonus aeruginosa cultures 0 
Chlorhexidine effect-phenylethanol-resistant and sensitive Pseu- 
domonas aeruginosa cultures 0 Phenylmercuric nitrate effect- 
phenylethanol-resistant and sensitive Pseudomonas ueruginosa 
cultures 


Phenylethanol was first recommended for use as a 
preservative for ophthalmic solutions in 1953 (1) follow- 
ing a report that it was active against Gram-negative 
organisms (2). Other workers found phenylethanol to 
have too slow an antibacterial action for use in ophthal- 


mic solutions (3). It has been shown that phenylethanol 
exerts its antibacterial effects by modifying the perme- 
ability properties of the bacterial cell (4? 5). 


Richards et al. ( 5 )  suggested that phenylethanol had a 
use in cornbination with other antibacterial agents in 
the preservation of ophthalmic solutions and other 
pharmaceutical solutions. Subsequently, the activities 
of a wide range of preservatives used in the preservation 
of ophthalmic solutions were shown to be enhanced 
when used in combination with phenylethanol (5-10). 


Although there is widespread use of antibacterial 
combinations as preservative systems in pharmaceutical 
solutions (1 I), there is little or no published support for 
some of the combinations used. Neither has there been 
any enumeration of the properties required of an anti- 
bacterial combination or of the individual components 
of the combination. The following properties seem de- 
sirable for the combination: 


1. The antibacterial combination should have a 
faster sterilization time against the test organism than 
the same concentration of either of the antibacterials 
used individually. For ophthalmic solutions, this steril- 
ization time should be 1 hr. or less for an inoculum of 
Pseudomonas aeruginosa having a final concentration 
in the test system of not less than lo6 cells/ml. (3, 9, 10). 


2. The antibacterial combination should still be effec- 
tive when the test organism has acquired a resistance 
to either one of the antibacterials. 


3. The spectrum of activity of the combination should 
include pathogenic Gram-positive and Gram-negative 
bacteria and fungi. 
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Figure 1-Effect of benzalkonium, chlorhexidine, and phenyl- 
mercuric nitrate on the growth of exponential phase cultures of P. 
aeruginosa grown in nutrient broth ( A )  and in nutrient broth plus 
0.2% phenylethanol v/v (B).  Addition of antibacterials was made at 
the times indicated by the arrows. Key: A-0 ,  0.6 ml. of water: 
A, benzalkonium chloride to give a 0.003 % solution: 0, chlorhexidine 
acetate to give a 0.0002% solution: and 0, phenylmercuric nitrate 
to gioe a 0.0004% solution. B-0, 0.6 ml. of water: A, benzalkonium 
chloride to give a 0.003% solution: W, chlorhexidine acetate to give 
a 0.0002% solution; and a, phenylmercuric nitrate to gioe a 0.0004% 
solution. 


The following properties seem desirable for the in- 
dividual members of the combination: 


1. One member of the combination should be chosen 
for its rapid action against a wide spectrum of micro- 
organisms. 


2. The other member of the combination should have 
properties that enable it to potentiate the action of the 
first antibacterial, particularly against organisms that 
have developed a resistance to  the first antibacterial. 


Phenylethanol-antibacterial preservative systems have 
already been shown to be effective against P .  aeruginosa 
resistant to the “antibacterial” component of the phenyl- 
ethanol-antibacterial combination (6).  Information 
is also required on the activity of phenylethanol-pre- 
servative combinations against P .  aeruginosa cells re- 
sistant to the phenylethanol component of the combina- 
tion. Therefore, the purpose of this investigation was to  
evaluate phenylethanol-resistant cells for cross-resistance 
with benzalkonium, chlorhexidine, and phenylmercuric 
nitrate. These three chemicals were chosen because of 
their broad spectrum of antimicrobial activity and their 
widespread use in preservation. 


EXPERIMENTAL 


P .  aeruginosa NCTCl 6750 was the test organism. The growth 
medium was oxoid2 nutrient broth No. 2, and incubation was at 37“. 
Phenylmercuric nitrate3, 2-phenylethanol3, chlorhexidine acetate 
BPC4, and benzalkonium chloride BP6 were used. Maintenance 
of stock cultures and experimental details were described previously 
(5-7,9, 12). 


1 National Collection of Type Cultures, Colindale, London, England‘ 
2 0 x 0  Ltd., London, England. 
3 British Drug House, Poole, Dorest, England. 
4 I.C.I., Alderly Park, Macclesfield, Cheshire, England. 


Macarthy Ltd., Glasgow, Scotland. 
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Figure 2-Effect of benzalkonium and phenylethanol singly and in 
combination against exponential phase P. aeruginosa grown in 
nutrient broth ( A )  and in nutrient broth plus 0.2% phenylethanol vlv 
(B) .  Addition of antibacterials was made at the times indicated by the 
arrows. Key: A-0 ,  0.6 ml. of water; A, berizalkonium chloride 10 
give a 0.003% solution: 0, phenylethanol to give a 0.2 % solution: and 
0, benzalkonium to give a 0.003x solution and phenylethanol to give 
a 0.2% solution. B-0, 0.6 ml. of water; A, benzalkonium chloride 
to give a 0.003% solution: W, phenylethanol to give a 0.2% solution; 
and a, benzalkonium to give a 0.003 solution and phenylethanol to 
give a 0.2% solution. 


Preparation of Resistant Cells-Resistance was developed as 
follows: 0.1 ml. of an overnight culture of P. aeruginosa was used to 
inoculate I 0 0  ml. of nutrient broth containing 0 . 2 z  phenyletha- 
no1 v/v. This culture was incubated for 2 days, and then 0.1 ml. was 
used to inoculate 100 ml. nutrient broth containing 0.3% phen- 
ylethanol v/v. After 2 days of incubation, 0.1 ml. was used to 
inoculate 100 ml. broth plus 0 . 4 z  phenylethanol v/v. The incuba- 
tion time was then reduced to overnight, and successive cultures 
were made until a culture was obtained growing in nutrient broth 
containing 0.7% phenylethanol v/v. This culture was further sub- 
cultured to produce resistant cells for growth rate and survival time 
studies. 


Effect on Growth Curves-Single Chemicals-The effect of ben- 
zalkonium, chlorhexidine, and phenylmercuric nitrate against 
phenylethanol-sensitive and phenylethanol-resistant, exponentially 
dividing P. aeruginosa was determined. 


Phenylethanol-sensitive cells consisted of 1 ml. overnight P. 
aeruginosa culture inoculated into 100 ml. prewarmed nutrient 
broth and incubated until the extinction at 420 nm. was 0.3-0.35. 
Then 1-ml. quantities of this culture were inoculated separately into 
four flasks, each containing 100 ml. prewarmed nutrient .broth. 
The extinction measurements of the resulting cultures were fol- 
lowed; and at an extinction of approximately 0.1, the chemicals 
were added to the cultures as already described (7, 12). 


The exponential phase phenylethanol-resistant cells were pre- 
pared as follows: 0.1 ml. of the culture resistant to 0.7% phenyleth- 
anol v/v in nutrient broth was inoculated into 100 ml. nutrient broth 
plus 0.5z phenylethanol v/v and incubated overnight. Then 1 ml. of 
this culture was inoculated into 100 ml. prewarmed nutrient broth 
plus 0.2z phenylethanol v/v. This culture was grown to an ex- 
tinction value between 0.3 and 0.35 as were phenylethanol-sensitive 
cells. Then I-ml. quantities of this culture were used to inoculate 
replicate flasks of prewarmed nutrient broth plus 0.2% phenyletha- 
no1 v/v. The effect of the chemicals on the growing cultures was 
determined as before (7 , l  2), using extinction measurements. 
Phenylethanol-Antibacterial Combinations-The effect of com- 


binations of phenylethanol plus each of the other three antibac- 
terials in turn was determined using exactly the same technique as 
for the single chemicals, Suitable controls were included so that a 







Table I-Survival Times for P.  aeruginosa, Sensitive and Resistant t o  Phenylethanol, in Solutions of Benzalkonium, Chlorhexidine, and 
Phenylmercuric Nitrate 
- ~ ___ ~ ~~ ~ _ _ _  ~ ~ ~~ 


P .  aeruginosa Resistant to 
7- P.  aeruginosa NCTC 67%- --- 0.52 Phenylethanol----- - 


Antibacterial Inoculum, Inoculum, 
and Concentration, X los Organisms/ml. Survival Time, min. X lo5 Organisms/ml. Survival Time, mn. 


Benzalkonium 6 . 7  


Chlorhexidine 6 . 7  


Phen ylmercuric 10.9 


chloride, ,0. 005 


acetate, 0.005 


nitrate, 0.002 


25-30 


30-40 


450-480 


4 . 2  


4 . 2  


6 .1  


<5 


<5 


390-420 


particular experiment provided the following information : the 
effect of the antibacterial alone and in combination with phenyl- 
ethanol, and the effect of phenylethanol alone, all against both 
phenylethanol-sensitive and phenylethanol-resistant cultures. 


Survival Times in Antibacterial Solutions-The survival times of 
high inocula of overnight phenylethanol-sensitive cells were deter- 
mined using duplicate tubes of one concentration each of benzalko- 
nium, chlorhexidine, and phenylmercuric nitrate, as previously de- 
scribed ($9). 


The phenylethanol-resistant culture was prepared using 0.1 ml. 
of the culture growing in nutrient broth plus 0 . 7 2  phenyletha- 
no1 vjv to inoculate 100 ml. nutrient broth containing 0.5% phen- 
ylethanol vjv. The resultant culture was incubated overnight, 
and the survival time was determined on samples from this culture 
against the three chemicals concurrently with the survival time 
determinations on the phen ylethanol-sensitive cells. 


RESULTS AND DISCUSSION 


The effect of benzalkonium, chlorhexidine, and phenylmercuric 
nitrate on the growth rate of phenylethanol-resistant cells in nu- 
trient broth plus 0 . 2 z  phenylethanol v/v was much greater than the 
effect of the same concentration of each chemical against expo- 
nentially dividing phenylethanol-sensitive cells in nutrient broth 
(Fig. 1). This indicates that there is no cross-resistance between 
phenylethanol and any one of these three chemicals. In fact, phenyl- 
ethanol-resistant cells were more sensitive to  the action of ben- 
zalkonium, chlorhexidine, and phenylmercuric nitrate than phenyl- 
ethanol-sensitive cells. It, therefore, appears that phenylethanol can 
have an effect on the permeability of P .  aeruginosu without having 
any effect on its viability. 


It can be seen from Fig. 2 that the combination of phenylethanol 
with benzalkonium is still effective against phenylethanol-resistant 
cells. Similar results were obtained with phenylethanol-chlor- 
hexidine and phenylethanol-phenylmercuric nitrate combinations. 


Phenylethanol alone is less effective against phenylethanol-re- 
sistant cells than against phenylethanol-sensitive cells, as would be 
expected, but benzalkonium alone is much more effective against 
phenylethanol-resistant cells. (This effect is the same as in Fig. 1.) 
It is seen from Fig. 2, however, that benzalkonium alone is as effec- 
tive as the phenylethanol-benzalkonium combination against 
phenylethanol-resistant cells. This shows that the activity of the 
combination against phenylethanol-resistant cells is due to  the 
activity of the benzalkonium component of the combination. 


The survival time results (Table I) show that there is no cross- 
resistance between phenylethanol and any of the three antibac- 
terials tested but that the phenylethanol-resistant cells are more 
sensitive to these antibacterials than the phenylethanol-sensitive 
cells. This further confirms that where the phenylethanol resistance 
is due to training the P .  aeruginosa cells in the presence of the 
phenylethanol, these phenylethanol-resistant cells are affected in 
such a way by the phenylethanol that they are made sensitive to  the 
action of benzalkonium, chlorhexidine, and phenylmercuric nitrate. 


Phenylethanol is again shown to have properties that make it well 
suited for use in combination with other antibacterials for the 
preservation of pharmaceutical solutions against contamination 
with P .  arrrrginosu. It is also effective in combination with other 


antibacterials against Escherichh coli and Proteus vulgaris6. By com- 
bining these results with those previously published (5-lo), it is 
seen that phenylethanol possesses the properties enumerated in the 
introduction for use as one component of an antibacterial com- 
bination suitable for use in preservation. It needs to be used in 
combination with an antibacterial having a wide spectrum of anti- 
bacterial activity, because phenylethanol is more active against 
Gram-negative than Gram-positive organisms (2). Therefore, it is 
very suited for use in combination with either benzalkonium or 
chlorhexidine, because both of these aniibacterials are rapidly 
lethal t o  Gram-positive organisms. Benzalkonium and chlorhexi- 
dine may both be ineffective against certain resistant Gram-negative 
organisms, however, especially Pseudomonos. In these situations 
the phenylethanol should be active itself and also reverse the re- 
sistance of the resistant cells t o  both benzalkonium and chlorhexi- 
dine. 


From Table I, it can be seen that phenylmercuric nitrate was slow- 
acting against both phenylethanol-sensitive and phenylethanol- 
resistant cells. Phenylmercuric nitrate is known to  be slow acting 
(3, 13), but phenylethanol-phenylmercuric nitrate combinations in 
alkaline solutions had a more rapid action (,j). 


The effect of phenylethanol on fungi is being investigated. 
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African green monkey kidney cells were used in the 
studies?. The stock solution of cells was diluted so that 
1.0 ml. of cell suspension contained from 80,000 to 
100,000 cells. One milliliter of the prepared cell suspen- 
sion was then seeded into 8-cm. long tissue culture tubes. 
The growth medium contained 10% of fetal bovine 
serum and 1 of SV-40 antiserum. Normally the cells 
grew to a full  sheet in 8-10 days when they were used in 
the experiments. 


Coxsackie B-5 and polio type I viruses were used as 
examples of RNA viruses, and herpesvirus hominis was 
used as an example of a DNA virus. Virus units of 10 
and 100 were tested simultaneously. The cryptopleurine 
solution was tested for cytotoxic effects; by diluting it to 
10-5, the solution was devoid of appreciable cytotoxic 
effects and was suitable to carry out all experiments. 
Three types of inoculation of the African green monkey 
kidney cell medium were performed. 


In the first experiment, 0.2 ml. of virus (10 and 100 
units, respectively) and 0.8 ml. of Solution A diluted 
10-5 were mixed prior to inoculation of the cells. In the 
second experiment, the cell suspension was covered with 
1.0 ml. of Solution A diluted for 2 hr. prior to in- 
oculation with each test virus. In the third experiment, 
the cell suspension was covered with 1.0 ml. of 
Solution A diluted allowed to stand for 3 
days, and then inoculated with the virus. The tubes 
were observed daily and the results were recorded. After 
2-4 days, when a 3-44 cytopathogenic effect of the 
virus control was observed, the experiment was termi- 
nated. 


? A suspension of cells was obtained from the BBL Laboratories 


B O O K S  


Solution A diluted gave complete cytopatho- 
genic effect protection against 10 units of herpesvirus 
hominis and partial protection against 100 units of the 
virus when the conditions of the third experiment were 
employed. No protection against the cytopathogenic 
effect was observed with any of the viruses under the 
conditions of the first two experiments nor with polio 
type I or coxsackie B-5 viruses under the conditions 
of the third experiment. 


It appears that cryptopleurine is active only against 
herpesvirus horninis of the three viruses tested with 
exposure to the African green monkey kidney cell 
suspension for 3 days prior to exposure to the virus. 
The mechanism of the antiviral effect of cryptopleurine 
against herpesvirus horninis will be the subject of future 
investigations. 


(1) N. R.  Farnsworth, N. K .  Hart, S. R .  Johns, J. A. Lamberton 
and W. Messmer, Awrr. J .  Clretn., 22, 1805(1969). 
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REVIEWS 


Laboratory Animals-An Annotated Bibliography of Informational 
Resources Covering Medicine-Science (Including Husbandry)- 
Technology. Edited by JULES S. CASS. Hafner Publishing Co., 
Inc., 866 Third Ave., New York, NY 10022, 1971. vi + 250 pp. 
22 X 28.5 cm. Price $14.95. 
Three separate compilations of articles related to laboratory 


animals make up this book. As a source book, the value and ease of 
use are diminished by the way the book is presented. 


The original compilation is on pages 1-1 36; the first supplement 
starts on another page 1 and continues through page 148. The 
indexes to the first two compilations start on page 149 and go 
through page 250. The third compilation starts on a third page 1 
and ends on page 42, with its own index on pages43-60. 


The first two compilations go through early 1963. The third 
compilation was apparently prepared in 1970; however, it includes 
a number of items listed in the previous compilations. 


Each compilation is broken down into a number of areas of 
interest. Complete bibliographic information is included and an 
abstract summarizing the article is presented. 


It appears to be a good reference source for articles on various 
aspects of the use of laboratory animals, at least through early 
1963. 


Stuff Reciew 


The Use of Cannabis. Report of a WHO Scientific Group. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th S t . ,  N.W., 
Washington, DC 20036. 47 pp. 16 X 24 cm. Price $ 1  .oO. 
The recent advances in cannabinoid chemistry are discussed and 


the historical trends in the use of Cannabis in various parts of the 
world are outlined. Current knowledge of the effects of Cannabis on 
man is reviewed and research needs are suggested. 
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Toxogonin and Pralidoxime: Kinetic Comparison after 
Intravenous Administration to Man 


FREDERICK R. SIDELL’, WILLIAM A. GROFF, and ANDRIS KAMINSKIS 


tramuscular administration of equal doses (milligrams 
per kilogram), plasma levels of the oxime produced 
by toxogonin were four times higher than those pro- 
duced by pralidoxirne ( l ,  2). Urinary excretion 
of both oximes was quite high: 84 % of the dose for 
toxogonin and 91 of the dose for pralidoxime chlo- 


Abstract 0 After intravenous administration to humans, the chlo- 
ride and niethaiiesulfonate salts of pralidoxime were found to have 
identical pharmacokinetic characteristics. Toxogonin had a much 
smaller volume of distribution and a lower renal clearance rate. 
These findings explain the fivefold difference in plasma concentra- 
tions after similar doses of toxogonin and pralidoxime. 


Keyphrases ‘J ‘Toxogonin-pralidoxime-kinetic comparison after 
intravenous administration, man 0 Pralidoxime-toxogonin- 
kinetic conipari:con after intravenous administration, man 0 Vol- 
ume of distribution-rmeview of definitions and interrelationships of 
various terms [J Anticholinesterase intoxication therapy-kinetic 
comparison of toxogonin and pralidoxime, intravenous administra- 
tion, man C] Pyridinium oxinies-kinetic comparison of toxogonin 
and pralidoxirrie, intravenous administration, man 0 Pharma- 
cokinetics--comparison of toxogonin-pralidoxime, intravenous 
administration, man. volume of distribution terms reviewed and 
compared 


The pyridinium oximes are widely accepted as valu- 


ride. 
These findings strongly suggest a difference in the 


volume of distribution for these compounds. To in- 
vestigate this further, the two drugs, along with pra- 
lidoxime methanesulfonate,’ were given intravenously 
to volunteer subjects. 


Although in principle its meaning should be clear, 
the term “volume of distribution” has been defined 
in various ways (3). A brief review of these definitions 
and their interrelationships is also given in this report. 


EXPERIMENTAL 


able adjuncts to  atropine in the therapy of anticho- 
Subjects-The subjects were U. S. Army enlisted men who 


dine aldoxime methochloride) iS the preparation used in Each had a complete medical evaluation including a physical ex- 
this country, and toxogonin [N,N’-oxydimethylene amination, chest X-ray, ECG, and laboratory tests [hematocrit, 
bis(pyridjn jum-4-aldoxime)djchloridel is preferred in total and differential white blood cell count, urinalysis, blood urea 
E ~ ~ ~ ~ ~ .  ~h~ two structures are basically similar, but nitrogen (BUN), serum glutamic oxaloacetic transaminase (SGOT), 


alkaline phosphatase, bilirubin, creatinine, and red blood cell and toxogonin plasma cholinesterase] and were found to be free from abnormality 
an oxygen mo1eci.de. Thus, it is about twice the size before being accepted into the study. 
and weight of Dralidoxime chloride. Methods-Ideally, this study should have had a crossover design; 


linesterase intoxication. Pralidoxime (2-pyri- volunteered to  participate after the test was discussed with them. 


Of two pyridinium rings linked by 


” 
Previous studie!; with pralidoxime chloride and toxo- 


gonin showed a ,narked difference in the relationship 
between dose and plasma concentration be- 


however, the subjects were available for only a short time, and 
multiple venipunctures twice in this period did not seem warranted. 


The subjects were admitted to  the test ward on the evening be- 
fore the test. On the morning of the test, they were given a light 


tween these two closely related materials. After in- breakfast and thereafter they were urged to drink large amounts of 
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Figure 1-Plasma concentrations after intraoenous administration 
to humans of pralidoxime chloride (0), pralidoxime methanesul- 
foriate (o), and toxogonin (A, 1.0 mg./kg.; 0 , O . j  mg./kg.). 


fluid to maintain a copiou:; urinary output. The subjects who re- 
ceived pralidoxime chloride and pralidoxime methanesulfonate 
were asked to void at hourly intervals for the first 8 hr. of the study; 
such a rigid schedule was not asked of the subjects who received 
toxogonin, but they voided spontaneously at  frequent (1-3-hr.) 
intervals, at least during the early part of the study. 


Heart rate and blood pressure were measured before and at  close 
intervals after drug administration. As the results did not differ 
from those previously reported after administration of these com- 
pounds, they are not reported. 


Plasma was collected at the times shown in Fig. 1 ; these samples 
and all urine specimens for 24 hr. were analyzed for oxime content 
by the method described elsewhere (4). As mentioned (4), in this 
method the fluid to be analyzed is dialyzed twice through a small 
pore membrane which filters out proteins, so the method measures 
only the free drug; since recovery of oxime from human plasma 
(even with'added protein) is almost the same as from water. it would 
appear that the oximes are negligibly bound to plasma proteins. 
Each plasma and urine specimen from the pralidoxime subjects 
was analyzed for creatinine content by standard methods (5). 


Although they were allowed to be out of bed ad libitum, most 
subjects remained in bed (except to void) for the first 3 hr. 


Although Levy (6) reported a 27% increase in the volume of 
distribution of benzylpenicillin in subjects at bed rest over ambula- 
tory subjects, the limited, although ad libitum, ambulation of the 
present subjects was not a significant factor in the results because: 
( a )  subjects in all groups had about the same amount of bed rest 
and ambulation, i.e., they stayed in bed most of the morning and 
were up most of the afternoon; and ( b )  the differences in the volume 
of distribution, rate constants for elimination and metabolism, 
amount of drug excreted, and renal clearance noted by Levy for the 
same drug under different conditions of rest or nonrest, although 
perhaps significant in the continuous administration of the same 
drug to unhealthy and healthy patients, were rather small in magni- 
tude compared to the interdrug differences noted in this study. 


Toxogonin, from the same lot described previously (l), was 
mixed to a concentration of 100 mg./ml. The pralidoximes were 
dissolved to the same concentration. Since there were data on the 
pralidoximes given intravznously (2, 7), only one dose (5  mg./kg.) 
was given; two doses ofto,Kogonin, 0.5 mg./kg. (two subjects) and 1.0 
mg./kg. (three subjects), were given. The drugs were given in- 
travenously over a 20-30-sec. interval. 


RESULTS 


Plasma Concentration--Figure 1 shows the mean plasma con- 
centrations for each of the four groups. The group receiving 1.0 
mg./kg. of toxogonin had a plasma concentration versus time curve 


very similar to those of the groups receiving 5.0 mg./kg. of the 
pralidoximes. 


Urinary Recovery and Renal Clearance-Of the toxogonin ad- 
ministered, 68 + 8 z (mean & SD) of the dose was recovered in the 
urine within 24 hr. Total urinary recovery of pralidoxime chloride 
was 89.8 =t 2.6% of the dose, and it was 87.1 f 20% of the dose of 
pralidoxime methanesulfonate. For the pralidoximes, about half of 
the total recovered was recovered within the 1st hr. and about 70% 
within the first 2 hr. Since the subjects receiving toxogonin did not 
follow a regular voiding schedule, comparable values are not avail- 
able, but most of the recovered drug was found in their early speci- 
mens. 


Renal clearance of oxime was calculated by four methods: (a)  
the standard technique of dividing urinary excretion rate by plasma 
level at the midpoint of the collection period, using only the excre- 
tion and plasma levels in the postabsorptive phase (assumed to be 
after 3 hr.); (b )  from the slope of a linear plot of the excretion rate 
versus the plasma level a t  the midpoint of the collection interval (8); 
( c )  by dividing the total amount excreted by the total area under the 
plasma concentration versus time plot ( 8 ) ;  and (d )  by dividing the 
cumulative amount excreted by the cumulative area under the 
plasma concentration versus time curve and averaging these values 
for the duration of the study (9). Kwan et al. (9) indicated that fluc- 
tuations from one time period to the next (which presumably are 
due to experimental error or slight physiological variation) are 
minimized by Method (d ) ,  while Method ( c )  has the advantages of 
necessitating only one urinary collection and analysis and of elimi- 
nating the need for multiple, carefully timed urine specimens. 


As shown in Table I, the four values for each subject are in good 
agreement, with several exceptions. The low fraction excreted and 
the low cumulative values for clearance make one suspect that 
Subject 3656 may have discarded an early specimen which would 
have changed these particular values more than the other clearance 
values. 


In the six subjects receiving pralidoxime, simultaneous creatinine 
clearances were measured (Table I) and were roughly 18% of the 
pralidoxime clearances. Thus, these compounds appear to measure 
renal plasma flow because their clearances are about the same as 
that of p-aminohippuric acid (10). Other data1 indicate that the 
renal clearance of toxogonin is less than that of simultaneously 
measured creatinine clearance, although obviously this conclusion 
cannot be shown from the data in Table I. Thus, it appears that 
the two similar compounds, pralidoxime and toxogonin, are handled 
differently by the kidneys. The net effect for pralidoxime is tubular 
secretion; for toxogonin it is reabsorption. 


The general agreement found between the methods of renal 
clearance calculation adds support to the argument of Kwan et al. 
(9) that an accurate, valid renal clearance can be obtained after 
intravenous drug administration by dividing the amount excreted 
over a given time by the area under the plasma concentration 
versus time curve, provided that the area under the curve can be 
estimated accurately. 


Kinetic Considerations-Generul-When plotted against time, the 
plasma concentration data fit the line described by the biexponential 
equation : 


C, = Ae-at + Be-81 (Eq. 1) 


where C, = plasma concentration, /3 = -2.303 times the slope of 
the terminal linear segment (when plasma concentration is on a 
logarithmic scale and time is on a linear scale), and B is the inter- 
cept of this line. A and LI are similar parameters for a line drawn 
from the residuals. These parameters were calculated by the least- 
squares method using the method of residuals. 


From these parameters. the rate constants and volumes of dis- 
tribution were calculated by standard methods (8); k12 is the first- 
order rate constant describing the rate of drug transfer from the 
central to the peripheral compartment, kzl describes drug transfer 
from the peripheral to the central compartment, k , ,  is the rate con- 
stant for drug elimination (assumed to be from the central com- 
partment), Vl is the volume of the central compartment, and V2 is 
the volume of the peripheral compartment (Table 11). 


The half-times for drug elimination from plasma (0.693//3) are 
similar for all three compounds: 1.20 hr. for toxogonin, 1.41 hr. 


1 F. R. Sidell and W. A. Groff, unpublished data. 
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Table I-Renal and Plasma Clearances of Oximes 


Creati- f, 
-Renal Clearance, ml./min.-------. nine Fraction 


24-hr. Clear- Plasma of Dose 


Number mg./kg. kg. Standard" Slop& tivec tived ml./min. Clc, ml./min. (CL/CI,) in Urine 
Case Dose, Weight, Cumula- Cumula- ances, - Clearance, .f # Recovered 


Toxogonin 
87 82 83 
82 77 83 
80 79 86 


110 104 123 
79 76 84 
88 83 92 
13 12 17 


Pralidoxime Chloride 
738 775 726 
679 679 662 
634 - 666 648 
638 707 679 
44 60 42 


~ - ~ 


~ ~ 


3139 
3140 


0 . 5  71 97 * 30" - - 1 28 0.648 
- - 137 0.605 
- - 129 0.667 
- - 151 0.815 
- - 120 0.700 
- - 133 0.687 
- - 12 0.079 


- __ 


0.647 
0.595 
0.658 
0.811 
0.694 
0.681 
0.081 


__ 


0 . 5  71 91 2= 6 
1 .o 70 8 2 f  1 
1 .o 70 118 f 14 
1 .o 63.1 87 f 8 


95 


3i41 
3142 
3143 
Mean 
S D  14 


3658 5.0 84.5 582 2= 292 129 5.6 784 0.926 
99 6.7 733 0.903 


745 0.870 142 
123 5.6 754 0.900 
22 1 .o 27 0.028 


- - - ~ 


4.6  


0.915 
0.911 
0.869 


0.026 
0.898 


~ ~~ 


3655 
3657 


5.0 71.8 620 f 224 
5.0 90.3 616 f 170 


606 Mean 
S D  L1 


Pralidoxime Methanesulfonate 
735 747 713 100 7 . 1  718 0.993 
587 748 700 120 5 .8  685 1.022 


633 __ 0.635 593 369 402 116 3.5 
638 621 605 112 5.5 679 0.883 
84 219 176 11 1.8 46 0.216 


__ - ~ - - - 


3654 
3659 
3656 
Mean 
S D  


396 
521 
114 - 


0.978 5.0 67.3 659 i 
5.0 78.2 603 =k 
5.0 85.9 670 i 


644 
36 


1 .ooo 
0.636 


0.204 
0.871 


From UV/P .  * From slope of rate of excretion uersus plasma concentration. c From mean of ratios of cumulative amount excreted to cu- 
mulative area under the plasma concentration uersus time curve. d Ratio of the total amount excreted to the total area under the plasma con- 
centration uersus time curve. e Not corrected for body surface area. CL, not done in toxogonin subjects. f Using 24-hr. cumulative Cex. g Cal- 
culated f, using 24-hr. cumulative renal clearance. h Mean f SD (at least four values for each subject). 


for praiidoxime methanesulfonate, and 1.31 hr. for pralidoxime 
chloride. 


Plasma Clearance--For a two-compartment model, the plasma 
clearance (CI,) may be defined as (8): 


C I p  = Viku 0%. 2) 


or by the identical term: 


By using the integral of the equation for plasma concentration 
uersustime(Eq. l),the total AUC(from t = 0 t o t  = -)wasestimated 
and then the Cl, was calculated for each subject (Table I). 


The fraction of drug entering the circulation that is excreted 
unchanged in the urine (.f) is also theoretically the ratio of the renal 
clearance to the plasma clearance (8). The comparison between 
the actual f (measured urinary excretion divided by dose) and 
theoretical f (renal clearance divided by plasma clearance) is shown 
in Table I. The clearance values using the total amount excreted 
divided by the total area under the plasma concentration uersus 
time curve agreed most closely with the experimental values, and 
they were the ones used for this calculation. 


Volume of Distribution-The volume of distribution is the hy- 
pothetical volume in which the drug is present in the same concen- 


D CI - -  - AUC 


where AUC is the area under the plasma concentration versus time 
curve, and D is the dose entering the circulation (assumed to be the 
total dose after intravenous administration). 


Table 11-Pharmacokinetic Constants 


Case 
Number" 


Toxogonin 
0.667 1.04 1.476 3.058 
0.522 1.33 1.224 1.896 
0.576 1.20 1.422 2.394 


3139 
3140 
3141 
3142 
3143 
Mean 
SD 


2.205 
2.340 
4.656 


4.95 
3.58 
4.26 


2.788 
1.914 
4.546 


1.080 
0.984 
1.020 


100. 1 
117.5 


48.3 
75.9 
64.6 


148.4 
193.4 
173.3 
154.8 
196.6 
173.3 
21.8 


~ 


161.8 
222,o 


108.7 
71 .O 
__ 105.8- 
100.6 
17.7 


193.0 
10.129 
5.849 ____ 


5.67 
3.96 
4.48 
0.83 


__ 
3.954 
3.60 __ 


0.667 i .04 2.442 2.070 
0.498 1.39 1.560 1.818 
0.586 1- 1.625 2.247 
0.079 0.16 0.473 0.504 


i ,824 
1.080 
1.198 
0.353 


__ 
83.8 
90.8 
72.7 
16.7 


~ 


i94.5 
230.5 
200.4 
27.2 


~ 


Pralidoxime Chloride 
0.518 1.34 3.454 1.916 
0.484 1.43 3.199 1.282 


3658 
3655 
3657 


12.456 
17.120 


6.65 
6.43 
8.10 
7.06 
0.91 


__ 


3.68 
2.66 


1.789 
2.423 


309.9 
252.78 


558.6 
630.5 


868.5 
883.3 
694.0 
815.2 
105.3 


___ 


1075 
1266 
839 


1060 
214 


__ 15.24 
14.94. 
2.35 


4.85 
3.73 
1.10 


__ 0.590 i s  4.298 2.403 
0.531 1.31 3.650 1.867 
0.05 0.13 0.575 0.562 


1.989 
2.070 
0.320 


__ 248.9- 
270.5 
34.1 


.~ 445.15 
544.8 
93.4 


Mean 
SD 


Pralidoxime Methanesulfonate 
0.466 1.46 3.325 1.159 
0.432 1.60 4.950 1.286 
0.610 1.14 3.909 1.835 


0.09 0.24 0.823 0.359 
0.503 1.41 4.061 1.427 


3654 
3659 
3656 
Mean 
S D  


18.77'6 
25.04 
23.90 


6.72 
8.74 
7.69 


2.34 
2.87 


2.702 
2.936 
2.559 


236.8 
179.5 
173.0 
196.3 
35.2 


~ 


678.5 
689.6 
368.6 


915.2 
868.7 
541.6 
775.2 
204.0 


__ 


1373 
1218 


5.0 
3.40 
1.41 


__ 725 
1105 
338 


~ ___ 
22.57' 
3.34 


__ 
7.717 
1.01 


__ 
2.732 
0.190 


- 
578.6 
182.5 


= See Table I for doses, 
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tration as it is in the plasma. or, the volume of distribution ( v d )  


is the ratio of the amount of drug in the body (Db) to the plasma 
concentration (C,). 


A basic assumption is that V d  is constant, so this definition should 
be true for all values of C, (k., from t = 0 to t = a). If a drug be- 
haves as though it is distributed in a single compartment, this as- 
sumption would be valid. However, the distribution and excretion 
patterns of many drugs appear to follow two-compartment model 
kinetics and, under these circumstances, a single volume of dis- 
tribution over the entire time course is not as easily defined. 


After rapid intravenous administration of a drug, the concentra- 
tion in the blood (which is part of the central compartment) usually 
falls rapidly for a period and then declines more gradually. The con- 
centration is highest immediately after the injection (or at  zero 
time). The concentration in the tissue (or peripheral) compartment 
is zero at zero time. The tissue concentration increases to a max- 
imum and then declines in parallel with the plasma concentration 
(the /3 phase). Since the plasma and tissue concentrations maintain 
a constant relationship during the /3 phase, a single volume of dis- 
tribution [designated as (V&, which is exactly equivalent to ( V d ) a , e & ]  


can relate the amount of drug in the body to the plasma concentra- 
tion during this period (1 l), but a single expression of volume of dis- 
tribution cannot hold true over all time periods. 


By using separate volumes for each compartment, the amount of 
drug in the body is defined by: 


Db = cP.vi $- ct.vz 0%. 4) 
where Vl and VZ are as previously defined, and C ,  is the concen- 
tration in the peripheral compartment. This expression, using two 
volumes for the two-compartment model, accounts for the amount 
of drug in the body over all time periods. 


The steady-state volume of distributionz, ( V d ) s s ,  is the ratio of 
the amount of drug in the body to the plasma concentration at 
steady-state conditions, i.e., when the rate of drug transfer into the 
peripheral compartment is equal to the rate of transfer back to the 
central compartment (1 1). This phenomenon is momentary, and 
only at this instant does (V& relate the amount of drug in the body 
to the plasma concentration. 


Although conceptually they are unlike, algebraically it can be 
shown that: 


(Eq. 5)  


Unfortunately, the different notations used for the volume of 
distribution have apparently masked this mathematical relation- 
ship. Although the single term ( v d ) s s  does not relate the plasma and 
tissue concentrations to the amount of drug in the body at  any time 
except for a single instant, it is the sum of two volumes, Vl and V 2 ,  


which do for all time periods. If a single value is to be used when 
speaking of a single volume of distribution of a two-compartment 
model, it would seem more appropriate to use this sum of the two 
valid compartmental volumes rather than a volume [e.g., ( v d ) @ ]  


that really describes neither. 
Some experimental evidence suggests that (V& may be the pre- 


ferred value. Wagner et aI. (12) showed that the calculated tissue 
concentration of LSD paralleled scores on a performance test 
(which they assumed was a direct reflection of tissue concentration) 
over all time periods. Their calculations were based on a two-com- 
partment model with V d  = V, + Vz which, as indicated, is algebrai- 
cally identical to ( V d ) s e .  Side11 and Groff (2) used the two-compart- 
ment model to estimate the amount of drug remaining in the body 
at all times after intravenous 2-pyridinium aldoxime methochloride. 
This mathematical expression was verified by material balance 
experiments in man. 


A similar calculation can be made using the present data. The 
amount in the body (&), from t = 0 to t = a, over time is given by 
the following equation which is based on the two-compartment 
model (2): 


( V d ) a s  = v l  f VZ 


If the entire dose were eliminated into the urine, the dose less the 
amount in the body should equal the amount excreted. Since urinary 


See Appendix for the relationship of ( V d ) . a  to (Vd)o, 
3 See Appendix for this proof. 
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Figure 2-Calculated and experimental urinary excretion d u e s  of 
pralidoxime chloride andpralidoxime merhaiie.Fi~lforiate. 


recovery is often less than 1002, the calculated amount excreted 
must be adjusted by this factor. This adjustment was made, and 
Fig. 2 shows the result with experimental data for one subject along 
with the mean data points for one drug group. The experimental 
data (amount excreted) agree with the calculated line in each case. 


Table I1 gives the values for V,,  V?, (V&, and ( v d ) @  [or ( V d ) a r c a  


by different terminology] for each subject. 
The total volumes of distribution for the pralidoxime salts do 


not differ notably from salt to salt, and both are larger by a factor 
of 4-5 than the volumes for toxogonin. The fivefold difference in 
volume of distribution accounts for the fivefold difference in dose 
of toxogonin needed to produce similar plasma levels of oxime, as 
found in this and previous studies. 


DISCUSSION 


From these results it would appear that toxogonin produces 
higher plasma concentrations of oxime than pralidoxime after 
equal doses because the volume of distribution of toxogonin is 
much less. 


The rate constants for exit from the central compartment (k~n 
and kI3)  are less than half those for pralidoxime. For toxogonin, 
the central volume is larger than the peripheral, while for the 
pralidoximes the opposite is true. These comparisons indicate that 
toxogonin slowly diffuses through membranes or into tissues while 
pralidoxime diffuses rather freely. The reasons for this difference 
are not clear at present. The compounds have similar chemical 
functional groups and nearly identical pKa values, but they differ in 
charge and molecular volume. The exact relationship between these 
factors and differences in membrane permeability is under investiga- 
tion'. 


The high renal clearance of pralidoxime suggests that it is actively 
secreted by the renal tubular cells; toxogonin appears to be re- 
absorbed but whether by active or passive mechanisms is unknown. 


Renal clearances of these compounds estimated by several com- 
monly described methods were not equal but, in most cases, were in 
reasonably close agreement. If clearance is to be measured after a 
single injection of a drug, the method of using the ratio of the total 
amount of drug excreted to the total area under the plasma con- 


4 R. I. Ellin, personal communication. 
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centration cersus time curve has the advantage of eliminating the 
need for multiple, exactly timed urine specimens. 


Comparative data on the therapeutic efficacy of the two oximes 
(summarized in Reference I) indicate that at equimolar doses toxo- 
gonin is several times more effective in treating animals poisoned 
with anticho1inesterast:s. The plasma oxime concentrations were not 
measured in these studies, but it can be assumed that after equal 
doses the plasma concentration of toxogonin would be higher than 
the plasma c.oncentration of oxime after toxogonin. 


The two-compartment open model appears adequate to describe 
the pharmacokinetics of these compounds in man. Constants de- 
rived from data from one compartment (plasma) were used in 
equations derived on a theoretical basis from the model and pre- 
dicted in a reasonable manner the observed values independently 
measured in another compartment (urine). 


The definitions of volume of distribution and its varying notations 
were discussed. Several that are usually designated by different 
symbols were rioted to be identical. In the interest of clarity, the 
symbols should be standardized and the equivalencies recognized. 


APPENDIX 


or : 


Relationship between ( v d ) p  and (Vd)8s-It was reported (1 1 )  that: 


(Eq. A15) 


wheref, = the fraction of the amount of drug in the body that is 
in the central compartment, or: 


vi 
fc (vd)@ = - 


(Eq. A16) CS 
fc=,.,, 


where : 
B cz = __ 


A + B  
(Eq. A17) 


(Eq. A18) 


(Eq. A19) 


and: 


Definitions---’The values for the rate constants, volumes, and C t  
have been mathematically defined as follows (8): By substitution and rearrangement : 


Since: .P k1a = k,l 
(Eq. A20) 


it follows that: D v1 = ~ 


A + B  (vd)p = *P+) .(V& (Eq. A21) AP2 + Ba2 
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where A, B, a, 13, and B are as defined in the text. 


terms of graphically defined A,  01, B, and P as follows: 
By substitution and rearrangement, these can be expressed in 


Equivalency of (V& and (Vl + Vz)+ V& has been defined (1 1 ) 
as : 


(Eq. Al l )  k21 + kiz , vl 
(Vd)as = ~ 


k21 


By substitution and rearrangement: 
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(Eq. A12) 


Also by substitution: 
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Hormones and Resistance. By HANS SELYE. Springer-Verlag, 175 
Fifth Ave., New York, NY 10010, 1971. xviii + 1140 pp. 17 x 
25 cm. Price $79.40 (two parts, not sold separately). 
This monograph is presented in two parts: (1) History, Chemistry, 


Pharmacology, and Hormonal Agents; and (2) Nonhormonal 
Agents. Clinical Implications, Morphology, Theories, and Synopsis. 
Its purpose, clearly stated in the beginning of the text, is “to examine 
how hormones can influence the resistance of the body to changes in 
its environment.” To this end, the author with a background of 
earlier monograph contributions on diverse but broadly related 
subjects (“stress syndrome,” thrornbohemorrhagic phenomena, 
anaphylactoid edema, calciphylaxis, mast cell, and experimental 
cardiovascular disease) has selected approximately 5OOo relevant 
articles from a worldwide literature base of more than 15,000 refer- 
ences for authoritative review, interpretation, and integration with 
unpublished personal data. The challenge of the assignment was 
approached by use of the analytico-synthetic procedure, a litera- 
ture processing practice applied in the development of earlier mono- 
graphs, which involves generation of analytically objective abstracts 
for use in the synthesis of interpretations, correlations, and sum- 
maries of the available data. Approximately one-half of the mono- 
graph consists of concise and readable abstracts of published and 
unpublished data, deployed in applicable subject sections for con- 
venient reference and assimilation by the reader. Unpublished ob- 
servations of the author are coded by protocol numbers for use as 
references in communicating additional information and published 
data by reference to original articles. The text material, distinguished 
by comparatively large print, allows a reader to develop a rapid 
overview of the subject, which integrates literature with personalized 
but unmatched authoritative views. However, any reader with un- 
limited or limited interest is cautioned about the need for initial 
orientation to special terminologies, concepts, text-table format, 
experimental parameters, statistics, and indexing mechanics, to 
optimize returns from the vast storehouse of experimental data in 
the two volumes. Contents of the monograph include a comprehen- 
sive treatment on catatoxic agents which modify resistance via 
metabolic degradations and/or excretion of potentially toxic sub- 
stances. Applicable background on enzyrnologic studies in the field 
are also provided for interpretative review of the underlying mecha- 
nisms for catatoxic activity. 


The monograph is a most timely compilation on current status 
of the subject based on empirical data of the past 35-year period, 
with promise that a new era of systematic research studies will 
emerge with the challenge of experimental questions raised by the 
available data. I t  will have a broad spectrum appeal in the scientific 
community (pharmacology, toxicology, endocrinology, immun- 
ology, biochemistry, and medicine) by offering a hormonal defense 
concept in modifying the course of disease processes in man. 


Reoiewed by C .  M. Kagawa 
Alcori Laboratories, lnc. 
Forth Worth, T X  76101 W 


The Merck Manual of Diagnosis and Therapy. Edited by DAVID N. 
HOLVEY. Merck & Co., Inc., Rahway, NJ 07065, 1972. 1964 pp. 
12 X 17.5 cm. Price $8.00. 
Initially published in 1899, the “Merck Manual” is a complete 


volume of diagnosis and treatment of virtually all generally en- 
countered diseases. This newest edition contains 110 pages more 
than the previous edition; the book is divided into 25 main sections 
and 351 principal chapters. This edition has been extensively re- 
vised and idcludes several new subjects, an expanded index. and 
more tabular and illustrative material than preceding editions. More 
than 400 prescription drugs are listed in the new edition. 


Staff Review 


International Nonproprietary Names for Pharmaceutical Substances: 
Cumulative List No. 3,1971. World Health Organization, Geneva, 
Switzerland, 1 9 7 1 . 1 8 9 ~ ~ .  15.5 X 24cm. Price$6.00. 
Periodically the lists of proposed international nonproprietary 


names for pharmaceutical substances published in the “WHO 
Chronicle” are compiled. This publication covers the period from 
1953-1971 and contains more than 2700 names. The names are 
given in both their Latin and English forms and are accompanied by 
the systematic chemical name and molecular formula. An index of 
molecular formulas is a new feature added to this cumulative list- 
ing. 


Staff Review H 


NOTICES 


Receni Adoances in  Studies on Curdiac Siructure and Metabolism, 
Volume I:  Myocardiology. Edited by E. BAJUSZ and G. RONA. 
University Park Press, Chamber of Commerce Building, Balti- 
more, MD 21202,1972.835 pp. 15 X 23 cm. PriceS29.50. 


Efects of Drugs 011 Cellular Control Mpchanisms, A Symposium. 
Edited by B. R. RABIN and R. B. FREEDMAN. University Park 
Press, Chamber of Commerce Building, Baltimore, MD 21202, 
1 9 7 2 . 3 2 0 ~ ~ .  15 X 23 cm. PriceSl9.50. 


The Anesthesiologists Handbook. By DONALD G .  CATRON. Univer- 
sity Park Press, Chamber of Commerce Building, Baltimore, M D  
21202,1972. 153 pp. 11 X 17.5cm. PriceS7.50. 


Pharmacology of the Cerebrul Circulation. Edited by AMILCAIRE 
CARPI. Pergamon Press, Inc. Maxwell House, Fairview Park, 
Elmsford, NY 10523.1972.370 pp. 15 Y, 23 cm. Price $39.00. 


Bulletin Technique, Number 66. Gattefossr Establissements, 46, Rue 
de la Charite, 69 Ly0n-2~, France. 95 pp. 15 X 24 cm. 


Statistics: A Guide to the Unknown. Edited by JUDITH M. TANUR. 
Holden-Day, Inc., 500 Sansome Street, San Francisco, CA 941 11, 
1 9 7 2 . 4 3 0 ~ ~ .  14.5 X 23 cm. Price $4.95 paper, $9.95 cloth. 


Drugs, Vol. 2,  No. I., Focus oti Mrdrysottr. Edited by G .  S. AVERY. 
S. Karger Ag, Arnold-Bocklin-Strasse 25, CH-4000 Basel 11, 
Switzerland, 1971. 17.5 X 25 cm. 


Handbook of Obsterricul und Gynecologicul Data. By ROBERT C. 
GDODLIN. Geron-X, Inc., Box 1108, Los Altos, CA 91022,1972. 
526 pp. 10 X 16 cm. Price S7.00. 


Drug Abuse: Nonmedical Use of Dependence-Producing Drugx. 
Adcances in Experimetital Midicine utrd Biology, Volume 20. 
Edited by S. BTESH. Plenum, 227 West 17th St., New York, 
NY 1001 1,1972.289 pp. 16 X 25 cm. Price $16.50. 


Depressice Illness, Some Research Studies. Edited by BRIAN DAVIS, 
BERNARD J. CARROLL, and ROBERT hl. MOWBRAY. Charles C 
Thomas. 301 - 327 East Lawrence Ave., Springfield, IL 62703, 
1972. 354 pp. 14.5 X 23 cm. Price $19.50. 


NEW JOURNALS 


Drug Metabolism Reviews. Volume 1, Number 1. Edited by FRED- 
ERICK J. DI CARLO. Dekker, Inc., 95 Madison Ave., New York, 
NY 10016, 1972. Price $17.50 subscription (two issues per year). 
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Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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Figure 7-Plot showing the relationship of heating rate and peak 
maximum temperature for the transition endotherm in determining the 
thermodynamic activation energy. 


in which the amount of Form I in the mixtures varied from 20 to 
74%. The results of this experiment are shown in Table I. Excellent 
agreement was found between the experimental and theoretical 
values. These data show a higher degree of accuracy than was found 
in the work of Moustafa and Carless (4). 


The kinetics of the transformation of sulfathiazole Form I were 
studied at 395,415,420, and 425°K. Figure 2 depicts the change in 
the transition endotherm as a function of time at 415°K. The fact 
that the transition endotherm is changing with time indicates that 
Form I is slowly disappearing. Figures 3 and 4 illustrate the data 
obtained in the kinetic studies in which a linear relationship re- 
sulted when the area of the transition endotherm was plotted versus 
the square root of time. These results suggest that the transition is 
analogous to the diffusion-controlled crystal growth from solution 
(5). Reaction rates were determined for the rates of conversion. A 
typical Arrhenius-type plot of the data is presented in Fig. 5. From 


these data the apparent heat of activation was determined to be 
approximately 56 kcal./mole. To verify this, the thermodynamic 
activation energy for the transition of Form I to Form I1 was de- 
termined by an alternate method (6). Similar to the work of Hi- 
muro et al. (7), the peak maximum temperature for the transition 
endotherm was measured at various heating rates. The data are 
illustrated in Fig. 6. As expected, the peak maximum temperature 
decreased as the heating rate decreased. Utilizing the following 
equation of Kissinger (6): 


where @ is the heating rate, and T,  is the peak maximum tempera- 
ture for transition, a plot of In +/Trnz oersus l/T,n should yield a 
straight line with a slope of -E /R .  This is illustrated in Fig. 7. 
The energy of activation as determined by this method was ap- 
proximately 57 kcal./mole. The value is in good agreement with 
the results obtained isothermally. The data presented in this study 
suggest that the differential scanning calorimeter can be utilized 
as a quantitative analytical tool to follow the kinetic transforma- 
tion of polymorphic materials. 
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Acetyldigoxin and Acetyldigitoxin from Digital is lanata 


OLE GISVOLD 


Abstract 0 This paper describes the ready separation of acetyl- 
digoxin from acetyldigitoxin when these secondary glycosides are 
isolated in combination from Digitalis lanara, fresh or dried, con- 
taining the maximum amounts of the native glycosides. The initial 
primary extract used 35 % aqueous methanol and enzyme-favoring 
conditions. Final separation of the two acetyl glycosides was 


Previous reports described the preparation of acetyl- 
digoxin (1 )  from Digitalis lanata and acetyldigitoxin (2) 
from Digitalis siberica and Digitalis mertonensis. In 
the case of D .  lanata, an aqueous primary extract of the 


effected by partitioning between 12.5 aqueous methanol and 
benzene or toluene. 
Keyphrases jJ Acetyldigoxin-separation from acetyldigitoxin in 
Digitalis lanata extracts 0 Acetyldigitoxin-separation from acetyl- 
digoxin in Digitalis lanata extracts 0 Digitalis lanata extracts- 
separation of acetyldigoxin from acetyldigitoxin 


fresh leaves was used; in the case of D .  siberica and 
D .  mertonensis, 35% aqueous methanol was used to 
prepare a primary extract from either the fresh or dried 
leaves. Solubility characteristics of the acetyl glycosides, 


1320 [7 Journal of Pharmaceutical Sciences 







together with the nature of the native glycosides and 
favorable conditions for the latter's enzymatic decom- 
position, dictated the composition of the solvents used 
to prepare the primary extracts. I t  follows that if 35% 
aqueous methanol were used to prepare a primary extract 
from fresh D .  Ianata leaves, one would obtain a mixture 
of the acetyl glycosides, i.e., acetyldigoxin, acetyl- 
gitoxin, and acetyldigitoxin. The latter occurs in greater 
amounts than acetyldigoxin in D .  Ianata and com- 
plicated the ready isolation of acetyldigoxin when 35 
aqueous methanol was used to prepare a primary extract 
from the fresh leaves. 


Experiences gained in the isolation of acetyldigoxin 
and acetyldigitoxin from different species of Digitalis, 
as well as the challenge that existed to separate con- 
veniently these two acetyl glycosides when they simul- 
taneously could be obtained together in a primary ex- 
tract, were the motivating factors for this research 
project. 


Although fresh leaves are preferable for the isolation 
of the acetyl glycosides, small amounts were available 
to initiate these investigations. Fortunately, it previously 
had been established that leaves dried carefully under 
specified conditions served almost as well as fresh 
leaves. Dried, powdered D .  lunata, which contained the 
native glycosides in large amounts and an active enzyme 
essential to these studies, was used'. 


The successful separation of a semipurified mixture 
of acetyldigoxin from acetyldigitoxin is dependent upon 
the very low solubility of acetyldigoxin in benzene or 
toluene and the solubility of acetyldigitoxin in these 
solvents under the conditions of the experiment. 


EXPERIMENTAL 


The details of the paper chromatographic techniques used in 
these studies were described previously (3). The Raymond reagent 
was used to detect the position of the glycosides on the paper. 
Acetyldigitoxin and digitoxin give a violet color, and acetyldigoxin 
and digoxin give a blue color. 


Isolation and Separation of Acetyldigoxin from Acetyldigitoxin- 
Carefully dried and finely powdered D. lanata, 25 g., was shaken 
with 200 ml. of 35z aqueous methanol for 1-3 hr. After filtration, 
the marc was washed with 3 5 z  aqueous methanol and a total of 
250 ml. was collected. The methanol was removed under vacuum 
with the bath at 60". The aqueous preparation, about 160 ml., was 
extracted with three 50-ml. portions of methyl isobutyl ketone. 
Some emulsions were encountered that could be broken by a 
centrifuge at 4000-5000 r.p.m. Thisstep was theonly troublesomeone 
due to the emulsions formed. The methyl isobutyl ketone was 
concentrated to a volume of 20 ml. or completely removed under 
vacuum with the bath at 60". At a very low volume of the solvent, 
crystallization of the glycosides occurred. In the case where all the 
ketone was completely removed, the solid residue was dis- 


solved in 25 ml. methylene dichloride and then diluted with 75 ml. 
ether. A clear homogeneous solution was obtained, which was 
washed with three successive portions of 3 ml. each of 2% potassium 
hydroxide. The organic layer was transfer1 ed to a clean separator 
and then shaken with 5 ml. of a saturated solution of potassium 
biphosphate. After filtration the solvent was removed by distilla- 
tion. In the case where the methyl isobutyl ketone was concentrated 
to a volume of 20 ml., 60 ml. ether was added and this solution was 
processed as just described. 


The solid residue obtained by either of the described techniques 
was dissolved in 5-7.5 ml. of methanol. (In the present investigation 
utilizing the dried powdered D. Ianata, 6.25 ml. gave the best re- 
sults.) When 50 ml. of benzene or toluene was added, a clear solu- 
tion was obtained. In the case where 6.25 ml. of methanol was used, 
43.75 ml. of water was added and the mixture was shaken vigorously. 
Initially, a cloudiness appeared in both the aqueous methanol and 
the organic phases. The mixture was allowed to stand 1.5-3 hr., 
after which t~mes some crystallization had taken place in the 
aqueous methanol layer. Paper chromatographic analysis showed 
that this crystalline material was acetyldigoxin and that there 
was some acetyldigitoxin in the aqueous methanol layer. 


The organic phase, upon standing several days, yielded almost 
colorless crystals which gave a single spot on a paper chromatogram 
with the same Rf value as a reference sample of acetyldigitoxin. 
More acetyldigitoxin was recovered upon either concentration of 
the organic solvent cria distillation or spontaneous evaporation. 
When a volume of about 5 ml. was reached, dilution while warm 
with commercial hexane2 (to obtain a ratio of about 40:W with 
benzene or toluene) induced the separation of all but very small 
amounts of acetyldigitoxin. 


The extension of these described techniques to D. purpurea led 
to the preparation of digitoxin, which was found in the benzene or 
toluene. 


It must be pointed out that the maximum amounts of acetyl- 
digoxin and acetyldigitoxin that can be obtained are very dependent 
upon the nature of the crude drug available. If dried leaves are used, 
they must be prepared in a way to preserve the greatest percentages 
of the native glycosides; fresh leaves are preferable to dried leaves. 
In the limited number of experiments performed by the author, it 
was noted that the preparation of a very finely powdered leaf uia 
the use of a ball mill seemed to lead to some enzymatic deconiposi- 
tion of the leaf as measured by the amounts of digoxin and digitoxin 
detected. Similar results were observed if dried powdered leaves 
were allowed to macerate for over 3 hr. Shorter periods led to less 
amounts of digoxin and digitoxin. 
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Sterile Topical Dosage Forms I: Laboratory Phase 


GERALD P. POLLI‘, DICK T. K. FONG, and CLYDE E. SHOOP 


~ 


Abstract u, A laboratory investigation was conducted to evaluate 
the use of conventional sterilizing techniques to manufacture sterile 
topical dosage forms. Four types of topical dosage forms were 
investigated: (a) an ophthalmic ointment, ( 6 )  a topical cream, (c )  a 
topical ointment, and (d) a topical lotion. Dry-heat sterilization 
was found to be an acceptable method to sterilize the ophthalmic 
ointment vehicle. Moist-heat sterilization was found to be an ac- 
ceptable method to sterilize the topical cream vehicle, part of the 
topical ointment vehicle, and also part of the topical lotion vehicle. 
Membrane filtration sterilization was found to be an acceptable 
method to sterilize the active ingredients in the topical cream, part 
of the topical ointment vehicle, and the active ingredients and part 
of the topical lotion vehicle. Ethylene oxide gas sterilization was 
found to be an acceptable method to sterilize an insoluble, inactive 
ingredient and the ointment tubes for all four types of topical dosage 
forms. Residual ethylene oxide determinations showed that longer 
“venting” times were required for phenolic and urea-formalde- 
hyde capped tubes than polyethylene capped tubes. A micro- 
organism suspension, consisting of Staphylococcus aureus, Bacillus 
subtilis, Pseudomoms aeruginosa, Escherichia coli, Aspergillus niger, 
and Cafzdida albicatzs, was used in the contamination studies. In all 
cases, the sterilized contaminated samples passed the sterility test. 
A variety of analytical techniques was employed to verify that the 
sterilizing procedures did not degrade the sterilized material. In- 
cluded in these techniques were GC, color, and rheology. Aseptic 
processing of the sterilized components, under conventional sterile 
room conditions and under laminar air flow, did not present any 
major problems. All samples passed the finished-product sterility 
test. All sterile products passed the nonsterile finished-product 
specifications and showed equivalent chemical and physical sta- 
bility. 


Key phrases 0 Topical dosage forms-evaluation of commercial 
sterilizing techniques, effect of sterilization techniques on various 
dosage forms 0 Sterilization techniques-evaluation of methods 
used for manufacturing various topical dosage forms, effect on 
formulation 0 Microbiological contamination of topical dosage 
forms-evaluation of commercial sterilizing techniques 


A 1965 report of the Swedish National Board of 
Health showed various topical dosage forms, such as 
ophthalmic ointments, topical ointments, and topical 
creams, to  have varying degrees of bacterial contamina- 
tion (1). The facts that the pathogen, Pseudomonas 
aeruginosa, was found in an ophthalmic ointment and 
that 11 of the 28 ophthalmic ointments tested contained 
some sort of bacterial contamination were surprising 
to many people in the pharmaceutical industry. 


Except for a few articles (2-8), the literature contains 
little information on the preparation of sterile topical 
dosage forms. In view of this observation and because 
several pharmacopeias require ophthalmic ointments to 
be sterile and because at least one country requires all 
topical steroid dosage forms to be sterile, this study was 
conducted. The purpose of the study was to  determine, 
at the laboratory scale, if sterile topical dosage forms 
could be prepared using existing, conventional, steriliz- 
ing procedures. Gamma radiation was not included in 
this study since it was being investigated by another 
group within these laboratories. Four types of topical 
dosage forms were investigated: (a) an ophthalmic 


ointment (a petrolatum vehicle), (b) a topical cream (an 
oil-in-water emulsion), (c)  a topical ointment (an aque- 
ous polyethylene glycol-propylene glycol vehicle), and 
(d) a topical lotion (an aqueous hydroxyethyl cellulose 
vehicle). 


EXPERIMENTAL 


The laboratory work was divided in two phases. The objectives of 
Phase I were: (a) to investigate the conventional procedures which 
could be used to sterilize the complete vehicle, a portion of the 
vehicle, or a single component of the product; ( b )  to verify that the 
procedure($ did indeed sterilize by deliberately contaminating with 
known amounts of microorganisms before the sterilizing step; and 
(c )  to verify that the procedure(s) did not degrade the component(s) 
sterilized by doing appropriate physical and chemical testing. The 
objectives of Phase I1 were: (a) to demonstrate that sterile products 
could be made by aseptically compounding the sterile components 
in a conventional sterile room (a positive pressure room fed with 
“Hepa” filtered air and equipped with direct UV lights) or a vertical 
laminar air flow hood, and ( b )  to determine if the sterile products 
passed the release specifications of the nonsterile products and had 
adequate stability. 


Ophthalmic Ointments-The ophthalmic ointments consisted of 
active ingredients and a petrolatum vehicle. The active ingredients 
were available as sterile solids. 


Since the petrolatum vehicle was anhydrous, wet-heat steriliza- 
tion (121”, 15 Ib. pressure, 20 min.) was not considered. However, 
sterilization by both dry heat and filtration was investigated. The 
filtration technique was limited to membrane disks, since depth 
filtration could present flowthrough problems during subsequent 
pilot plant and production operations. An MF Millipore-type GS 
filter was used. 


The petrolatum vehicle was seeded with a mixture of micro- 
organisms at a level of 100,000 organisms/gram. The mixture con- 
sisted of equal parts of Staphylococcus aureus ATCC 6588 (rep- 
resenting an airborne organism), Bacillus subt ih  ATCC 6633 
(representing a spore former), Pseudomonas aeruginosa ATCC 9027 
(representing a Gram-negative organism from which ointments 
should be free according to USP XVIII), Escherichia coli ATCC 8739 
(representing fecal contamination), Aspergillus riiger ATCC 16404 
(representing mold), and Candida albicans ATCC 1023 1 (representing 
yeast). Half of the inoculated samples served as controls; they were 
not subjected to sterilizing conditions. The USP XVII sterility test 
was employed using thioglycollate and Sabouraud media. For this 
particular vehicle, the sample was prepared by heating it to 50” and 
aseptically mixing it with 5 ml. of a sterile 0.5 z aqueous solution of 
polysorbate 80 which had been heated to  50”. 


Topical Creams-The topical creams consisted of water-soluble 
active ingredients in an oil-in-water emulsion vehicle. Membrane 
filtration of an aqueous solution of the active ingredients and wet- 
heat sterilization of the emulsion were investigated. Aqueous solu- 
tions of the active ingredients and the emulsion vehicle were seeded 
with microorganisms to challenge the sterilization procedures. 
Again, the USP XVII sterility test was employed. 


Topical Ointments-The topical ointments were more compli- 
cated. They were made up of water-insoluble active ingredients, 
water-insoluble inactive ingredients, and a water-miscible vehicle. 
The active ingredients were available as sterile solids. A benzal- 
konium chloride solution was sterilized by membrane filtration. 


Because of its low melting point, zinc stearate could not be 
sterilized by dry- or wet-heat treatment and had to  be sterilized with 
ethylene oxide gas. The gas sterilization experiments were conducted 
in a portable tabletop unit’, using a 10% ethylene oxide-9Oz 


1 Cryotherm, model 1036, American Sterilizer Co., Erie, Pa. 


1078 0 Journal of Pharmaceulical Sciences 







I 
ri 


* 2000 
K 


5 
I 
m 
u 1000 
0 
W 
l- a a 


0 
0 4000 8000 


SHEAR STRESS, dynes/crn.* 


Figure 1-Typicalflow curue before (m) and after(.) dry-heat treat- 
ment of the petrolatum vehicle. 


carbon dioxide mixture2 at  a 50% relative humidity. The relative 
humidity was controlled by adding a fixkd volume of purified water 
USP to the chamber and was monitored by placing a portable hu- 
midigraphs in the chamber. 


Autoclaving and membrane filtering were explored for the mix- 
ture of water-miscible inactive ingredients, which consisted of poly- 
ethylene glycol, propylene glycol, and water. Again, the various 
parts of the vehicles were seeded with microorganisms and the 
USP XVII sterility test was employed to determine if the proce- 
dures did indeed sterilize. 


Topical Lotions-This dosage form was essentially an aqueous 
solution of drugs, buffers, and preservatives with a macromolecule 
acting as a viscosity-inducing agent. The aqueous solution portion 
of the formulation was sterilized by membrane filtration. Both 
membrane filtration and wet wall techniques were explored as 
possible methods for sterilizing the hydroxyethyl cellulose solution. 


As noted previously, both portions of the formulation were seeded 
with microorganisms and the USP XVII sterility test was performed 
on control and sterilized samples. 


Ointment Tubes--Three sterilization methods were investigated, 
namely dry heat, wet heat, and ethylene oxide gas. Gas sterilization 
was carried out as described under Topical Ointments. 


The sterilization procedure was challenged by deliberately con- 
taminating with 100,000 organisms/tube. The USP XVII sterility 
test was employed by rinsing the tubes with the thioglycollate and 
Sabouraud media. 


RESULTS AND DISCUSSION 


Ophthalmic Ointments-Because of low filtration rates, steriliza- 
tion of the petrolatum vehicle with membrane disks was abandoned. 
Dry-heat sterilization, 150" for 2 hr., was successful. 


Prolonged heating of the petrolatum vehicle yields low molecular 
weight aldehydes and peroxides which can be detected by changes in 
color, rheology, and GLC. None of these changes was noted. Color 
was measured with a color and color difference meter4. The rheol- 
ogy of the petrolatum vehicle was studied with a viscometer6. 
Figure 1 shows a typical flow curve before and after dry-heat treat- 
ment. The presence of aldehydes and ketones was checked with 
GLC'. 


Dry-heat sterilization of the petrolatum vehicle passed the mi- 
crobial contamination tests, as illustrated in Table I. 


A total of 10 1-kg. lots of sterile ophthalmic ointments was pre- 
pared successfully using aseptic processing techniques in both a 
conventional sterile room and in a vertical laminar air flow hood?. 
The samples were prepared for the USP XVII sterility test by heat- 
ing a tube of ointment to 50°, aseptically removing 1 g., and 
aseptically mixing it with 5 ml. of a sterile 0.5% aqueous polysor- 
bate 80 solution which had been heated to 50". 


Conventional sterilizing techniques such as wet and dry heat were 
employed to sterilize all the manufacturing equipment except the 
roller mill. The roller mill was sterilized by wiping it with a 5 %  


2 Carboxide, Linte Co., New York, N. Y .  
3 Model 40448, The Bristol Co., Waterbury, Conn. 
4 Hunterlab. model D2S. Hunter Associates Laboratory, McLean, Va. 
5 Rotovisco, Gebriider Haake K.  G., Berlin-Steglitz, Siemen-Strasse 


6 Tracor MT-220. 
7 Dexon, model VF66E, Minneapolis, Minn. 


21. 


Table I-Efficacy of Sterilization Procedure Employed 


Test Samplea 


-Number of Samples- 
Not Sterilized -Sterilized- 


Failed Failed 
USP USP 
Ste- . Ste- 
rility rility 


Tested Test Tested Test 


Petrolatum vehicle 
Stainless steel from 


Plastic, from roller mill 
Emulsion vehicle 
Dexamethasone sodium 


phosphate solution 
Neomycin sulfate 


solution 
Benzalkonium chloride 


solution 
Zinc stearate 
Water-miscible vehicle 
Aqueous solution of 


drugs, etc. 
Aqueous solution of 


viscosit y-inducing agent 
Tin tube with poly- 


ethylene cap 
Araldite-lined aluminum 


tube with urea- 
formaldehyde cap 


Tin tube with phenolic 
cap 


roller mill 


2 2 2 0 
3 3 3 0 


5 5 5 0 
2 2 2 0 
3 3 3 0 


3 3 3 0 


3 0 3 0 


3 3 3 0 


4 4 4 0 


2 2 2 0 


2 2 2 0 


= Each test sample was inoculated with a mixture consisting of equal 
parts S. aureus, B. subtilis, P .  aeruginosa, E. coli, A .  niger, and C.  albicans 
at a level of 100,000 organismslg. 


aqueous phenol solution and storing it under UV lights or in the 
laminar air flow hood for 24 hr. before use. Microbial contamina- 
tion studies (Table I) supported this procedure. 


Stability samples passed the release specifications (appearance, 
viscosity, particle size, moisture, and active. ingredient assays) and 
proved to  have shelflives equivalent to the nonsterile products. 


Topical Creams-Membrane filtration sterilization of the active 
ingredients in aqueous solution and wet-heat sterilization of the 
emulsion vehicle proved to be successful. No changes in color, 
rheology, or GLC were noted for the emulsion vehicle. Figure 2 
shows a typical flow curve before and after wet-heat sterilization 
of the emulsion vehicle. 


Membrane filtration of the active ingredients in aqueous solution 
and wet-heat sterilization of the emulsion vehicle passed the micro- 
biological contamination tests (Table I). The unsterilized neomycin 
sulfate solution failed the sterility test. 


Four lots, 5 kg. in size, of sterile topical creams were successfully 
prepared using aseptic processing techniques in both a conventional 
sterile room and a vertical laminar air flow hood. The samples were 
tested by the USP XVII sterility test method. 
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Figure 2-typical flow curve before (m) and after (0) wet-heat treat- 
ment of the emulsion vehicle. 
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Figure &Typical flow curlie before ( m )  and afrer (0) wet-heat treat- 
ment of the topicul ointment vehicle. 


Stability samples passed the release specifications (appearance, 
viscosity, pH. preservative assays, and active ingredient assays) 
and proved to have shelflives equivalent to  the nonsterile products. 


Topical Ointments-Sterilization of the polyethylene glycol- 
propylene glycol-water solution by membrane filtration was 
abandoned because of low filtration rates. 


Membrane filtration of the benzalkonium chloride solution, 
ethylene oxide gas sterilization of the zinc stearate, and wet-heat 
sterilization of the water-miscible vehicle proved to be successful. 


No differences were observed between untreated and treated 
zinc stearate in color or GLC. Ethylene oxide could react with the 
zinc stearate, altering the alkyl side-chain distribution of free fatty 
acids. The sterilized zinc stearate had to be vented for at least 48 
hr. at 23“ to obtain less than 25 p.p.m. residual ethylene oxide. The 
residual levels were determined by the potassium acid phthalate- 
nitrobenzylpyridine colorimetric method. 


No changes were observed in color, rheology, or GLC for the 
water-miscible vehicle. Prolonged heating of polyethylene glycol 
yields low molecular weight aldehydes, ketones, ethylene glycol, 
and water. The aldehydes and ketones were colored compounds. 
Also, negative chemical tests for aldehydes and ketones were ob- 
served with Schiff’s reagent and 2,4dinitrophenylhydrazine. Figure 
3 shows a typical flow curve before and after wet-heat treatment. 


Membrane filtration of the benzalkonium chloride solution, 
ethylene oxide gas sterilization of the zinc stearate, and wet wall 
sterilization of the polyethylene glycol-propylene glycol-water solu- 
tion passed the microbial contamination tests (Table I). The un- 
sterilized benzalkonium chloride solution passed the sterility test. 


Four I-kg. lots of sterile topical ointments were successfully pre- 
pared using aseptic processing techniques in both a conventional 
sterile room and a vertical laminar air flow hood. The samples 
were tested by the USP XVll sterility test method. 


S$ability samples passed the release specifications (appearance, 
viscosity, pH, preservative assays, and active ingredient assays) and 
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Figure 4-typical flow curve bejore (m) and after (0) wer-heat treat- 
ment of the hydroxyethyl cellulose solution. 
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proved to have sheltlives equivalent to the nonsterile products. 
Topical Lotions-Sterilization of the hydroxyethyl cellulose solu- 


tion by membrane filtration was abandoned because of slow filtra- 
tion rates. Membrane filtration of the aqueous solution of drugs, 
buffers, and preservatives and wet-heat sterilization of the hydroxy- 
ethyl cellulose solution proved to be successful. No change in 
color but a decrease in viscosity of the macromolecular solution was 
observed. Figure 4 shows a typical flow curve before and after wet- 
heat treatment. 


Membrane filtration of the aqueous solution containing the drugs, 
buffers, and preservatives and wet wall sterilization of the aqueous 
hydroxyethyl cellulose solution passed the microbiological seeding 
experiments (Table I). 


Two 1-kg. lots of sterile topical lotions were successfully prepared 
using aseptic processing techniques in both a conventional sterile 
room and a vertical laminar air flaw hood. 


Samples placed on a stability testing program showed that the 
sterile topical lotions passed all release specifications (appearance, 
pH, preservative assays, specific gravity, and active ingredient 
assays) for the nonsterile topical lotion except the viscosity speci- 
fication. Use tests indicated that the viscosity specification could 
be changed and was adjusted accordingly. Stability samples showed 
the sterile topical lotions to have a shelflife equivalent to the non- 
sterile topical lotions. 


Ointment Tubes--Dry- and wet-heat sterilization was not possible 
because: (a) the plastic caps (phenolic, polyethylene, and urea- 
formaldehyde) deformed above 100’; ( b )  the “Westite” seal in the 
ophthalmic ointment tubes melted at 121 ”; and (c) the “peel-off’ 
labels darkened at temperatures above 100”. 


Ethylene oxide gas sterilization of the tubes proved to be success- 
ful and passed the microbial contamination test (Table I). 


Residual levels of ethylene oxide were determined by the colori- 
metric thiosulfate- bromthymol blue method. Different venting 
conditions had to be developed to  obtain residual levels below 25 
p.p.m. The tin tube with the phenolic cap and the “Ara1dite”- 
lined aluminum tube with the urea-formaldehyde cap were vented 
for 24 hr. at 45“, whereas the tin tube with the polyethylene cap was 
vented for 48 hr. at 23”. 
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Interaction of Dextroamphetamine Sulfate with 
Spray-Dried Lactose 


S. M. BLAUG' and WEN-TZY HUANG* 


Abstract 0 By using diffuse reflectance spectroscopy, the ethanol- 
mediated interaction between dextroamphetamine sulfate and 
spray-dried lactose in solid-solid mixtures was studied. Discolor- 
ation of the powder mixtures was accelerated by the presence of the 
amine and by storage at elevated temperatures. Two new absorption 
maxima were observed in the reflectance spectra of heated samples. 
One at 340 nm. was attributed to the chemisorption of the amine 
molecules on the surface of the sugar, while a second appeared at 295 
nm. and was attributed to the interaction between amine molecules 
and the sugar. The brown material from the discolored samples 
was identified as dextroamphetamine-hydroxymethylfurfural, and 
the mechanism of the browning reaction was postulated. The rate 
of browning was determined by plotting remission function uersus 
time at 295 nm. for mixtures of dextroamphetamine sulfate and 
spray-dried lactose at three temperatures. Arrhenius-type plots 
were also obtained and were used to approximate the browning 
rate at 25". 


Keyphrases Dextroamphetamine sulfate interaction with spray- 
dried lactose--ethanol mediated, mechanism and rate of discolor- 
ation 0 Lactose, spray dried, interaction with dextroamphetamine 
sulfate-ethanol mediated, mechanism and rate of discoloration 0 
Discoloration of dextroamphetamine sulfate-spray-dried lactose 
mixtures-thanol mediated, effect of storage and temperature 0 
Diffuse reflectance spectroscopy-monitoring, discoloration of 
dextroamphetamine sulfate-spray-dried lactose mixtures 


The reactions of amphetamine with aldose, glycosyl- 
amines, and bisulfite were reported by Griffin and 
Banker (1). The complexation of amines with mont- 
morillonite clays was studied by Slabaugh and Kennedy 
(2). Borodkin and Yunker (3) and Lach and Pauli (4) 
also studied the interaction of amines with polycar- 
boxylic acid ion-exchange resin, P-cyclodextrin, sodium 
desoxycholate, and desoxycholic acid. 


Spray-dried lactose is a free flowing, highly compres- 
sible powder which is widely used as a filler in tablet 
and capsule formulations. However, several inves- 
tigators (5-8) found that tablets containing amine 
salts and lactose discolored slowly on storage. Gunsel 
and Lachman ( 5 )  evaluated the tableting properties of 
spray-dried lactose and noted that tablets containing 
spray-dried lactose darkened more rapidly than those 
containing conventionally processed lactose. Castello 
and Mattocks (6), studying the discoloration of tablets 
containing amines and lactose, indicated that the libera- 
tion of free amine by basic lubricants in the formulation 
was a prerequisite to the darkening of such tablets. 
Duvall et al. (7) studied the reactivity of amines with 
lactose and concluded that the lactose-amphetamine 
reaction was predominantly a primary amine-carbonyl 
type of reaction which did not depend on the liberation 
of free amine by basic lubricants to produce browning. 
Duvall et al. (S), in their study of the tableting char- 
acteristics of a commercial form of dextrose and spray- 
dried lactose in direct compression systems, found that 
dextrose produced less browning than spray-dried 


lactose in formulations free of amines but it produced 
more browning when amines were present. However, 
the degree of browning was only estimated visually. 


The purpose of this study was to investigate quantita- 
tively the ethanol-mediated interaction between dextro- 
amphetamine sulfate and spray-dried lactose using 
diffuse reflectance spectrometry. Theoretical considera- 
tions for the quantitative use of the diffuse reflectance 
equations were discussed and derived previously by 
several authors (9-14). The best known theory was 
developed by Kubelka and Munk (15, 16). The prin- 
ciples of chemical kinetics were used to study the rate of 
browning reaction. 


EXPERIMENTAL' 


Reagents-The following were used : dextroamphetamine sulfate 
USP2, m.p. >300"; spray-dried lactose USP3, m.p. 201-202"; and 
potassium bromide, IR quality'. 


Procedure-Preparation of Equilibrated Samples-Forty- and 
sixty-milligram samples of dextroamphetamine sulfate were accu- 
rately weighed and transferred to 90-ml. (3-02.) amber glass bottles. 
Sufficient absolute alcohol was added to dissolve the drug. Then 
4 g. of an adjuvant, spray-dried lactose, was accurately weighed and 
added to each solution. The bottles were sealed with screw-caps 
lined with aluminum foil and attached to the submersion rotator. 
For reference use, a similar bottle was prepared containing 6 g. of the 
adjuvant and the same amount of absolute alcohol used to prepare 
the sample bottle. The reference bottle was sealed and attached to 
the submersion rotator. The sample and reference bottles were 
tumbled for 24 hr. a t  room temperature (25"). At the end of this 
time, the bottles were removed from the submersion rotator and 
placed in the vacuum oven where the solvent was removed at  room 
temperature using a vacuum pump to provide the vacuum. After 
drying, the contents of each bottle were triturated in a glass mortar 
to obtain a uniform sample. All samples were stored in a calcium 
sulfate-charged vacuum desiccator for diffuse reflectance study. 
After the initial spectra were taken, the samples and the reference 
were placed in the constant-temperature oven at 50, 60, and 65 '. At 
appropriate intervals, samples were removed from the oven and 
allowed to cool to room temperature, and then additional spectra 
were recorded. 


Preparation of Physical Mixture Sample.7-Sixty milligrams of 
dextroamphetamine sulfate was accurately weighed and transferred 
into a mortar. Four grams of spray-dried lacl.ose was triturated with 


1 All diffuse reflectance spectra were measured using a Beckman model 
DB-G spectrophotometer with reflectance attachment. The spectra were 
automatically recorded on a Beckman model 1005 25.4-cm. (10-in.) 
linear potentiometric recorder. A special cell was constructed to hold 
the sample and reference powder. The cell consisted of a 4.8-cm. (1.88- 
in.) square aluminum block, 0.63 cm. (0.25 in.) thick, with a 3.5-cm. 
(1.38-in.) hole machined through the center. A piece of circular quartz 
(Suprasil), 3.2 cm. (1.25 in.) in diameter and 0.15 cm. (0.06 in.) in 
thickness, was fitted into the face of the block, covering the hole. An 
aluminum back cover was held in place by two metal bolts. Therefore, 
the powder compartment between the quartz face and the back cover 
was 0.51 cm. (0.2 in.) in depth. I R  spectra were obtained using a Beck- 
man IR-10 spectrophotometer. A Sargent analytical oven, low gradient, 
and a Precision Scientific model 524 vacuum o\'en were used for storing 
and drying samples. Drug-adjuvant samples were equilibrated using a 
submersion rotator, model SR-250-V (Scientific Industries, Inc., Queen 
Village, N. Y.) ,  to tumble the powders. 


2 Hexagon Laboratories, Inc., New York, N. Y. 
3 Foremost Dairies, Inc., Wis. 
4 Harshaw Chemical Co., Cleveland, Ohio. 
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Table I-Relationship between Concentration of Dextroamphetamine Sulfate and Reflectance at Different Wavelengths 


Concentration 
mg. Dextro- 
amphetamine Reflectance, z / l b  


Sulfate/g. Lactose Mole Fraction r, 216 f(rJ215 r, 257 f(rm)257 r, 340 f ( r , ) ~ o  


0.00046 10 0.9289 X 0.640 0.1013 0.890 0.0068 0.970 
15 1.3934 x 1 0 - 2  0.675 0.0782 0.885 0.0075 0.980 0.00020 
25 2.3223 X 0.720 0.0544 0.850 0.0130 0.985 o.oO011 
50 4.6445 X 10-2 0.780 0.0310 0.790 0.0290 0.990 O.ooOo5 


dextroamphetamine sulfate for 15 min. The mixture was transferred 
into a 120-ml. (4-oz.) amber glass bottle, sealed with a screw-cap 
lined with aluminum foil, and attached to the submersion rotator. 
The sample was tumbled for 24 hr. at room temperature to ensure 
the preparation of a homogeneous sample. At the end of this time, 
the sample was placed in a vacuum desiccator over calcium sulfate 
for the diffuse reflectance measurement. After the initial spectrum 
was obtained, the sample was stored in the constant-temperature 
oven at 50". Each sample was run in triplicate. At periodic intervals, 
samples were removed from the oven and allowed to return to room 
temperature. Then additional spectra were recorded. 


Rejectatice Measurement-The prepared sample and reference 
adjuvant were packed into the sample and reference cells. Since it 
was reported (17) that the quantity of material in the cell and the 
pressure used during the packing can cause fluctuations in reflec- 
tance values, care was taken to maintain the same conditions for 
every sample packed. To minimize the regular reflectance (surface 
reflectance) so as to keep the scattering coefficient constant (18), 
the pure adjuvant was used as the reference. 


RESULTS AND DISCUSSION 


Diffuse reflectance spectra of various equilibrated samples con- 
taining 10, 15, 25, and 50 mg. of dextroamphetamine sulfateig. of 
spray-dried lactose are shown in Fig. 1. Two absorption bands 
occurred in each spectrum, one at  257 nm. and the other at approxi- 
mately 215 nm. One shoulder absorption peak was observed at 
about 340 nm. for the sample containing 10 mg. of dextroamphet- 
amine sulfate. The two absorption maxima at 257 and 215 nrn. were 
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Figure 1-Di'irtse reflectance spectra showitig the effects of varying 
dextroanipheturnitie suljare concentrations on equilibrated sumples 
cotituitiitig 1.0 g. of spray-dried lactose as the adsorbent nt 25". 
Key:n. IOmg.:b, 15mg.;c.2Sn~g.;andd,50mg. 
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concentration dependent. As the concentration of drug was in- 
creased, the intensity of the band at 257 nm. increased while it 
decreased at 215 nm. It was also observed that the absorption maxi- 
mum at 21 5 nm. tended to shift toward the shorter wavelengths as 
the dextroamphetamine sulfate concentration was decreased. 
However, the transmittance spectrum of dextroamphetwnine sul- 
fate in aqueous solution showed only one absorption maximum, 
at 257 nm., and end absorption at about 220 nrn. It was reported 
previously (19) that the influence of solvent polarity on the position 
of this maximum was small. For example, the maximum absorption 
peak was at 259 nm. in chloroform and at 259.5 nm. in alcohol. 
The reflectance spectrum of dextroamphetamine sulfate indicated 
a reduction in end absorption at 200 nni. and the appearance of a 
new moderate intensity peak at 215 nm. This was probably due, in 
part, to the contribution of regular reflectance in the solid state 
(20). Furthermore, there was probably a coupling of the r-electron 
system of several molecules on the solid surface. 


Kortum ei af .  (21) studied the absorption of anthraquinone at 
various dilutions on sodium chloride as well as the spectrum of 
anthraquinone in diluted alcoholic solution. Their observations 
were similar to those described for dextroamphetamine sulfate. 
They found that the reflectance spectruni, a t  mole fractions below 
3 X became independent of the degree of dilution and mainly 
resembled the spectrum of the alcoholic solution. However, the 
reflectance spectrum of pure anthraquinone did not resemble the 
spectrum of anthraquinone in alcoholic solution, especially in the 
shortwave bands. In others words, the reflectance spectrum of a 
compound can depend on its degree of dilution. 


The relationships between concentration and the intensity of 
absorption at the three absorption peaks, calculated from the data 
obtained in Fig. 1, are shown in Table I dong with the calculated 
remission functions. A plot of the remission function, . f (rJ,  uersus 
dextroamphetamine sulfate concentration, expressed in mole frac- 
tion, is shown in Fig. 2. It was observed that the band at 257 nm., 
the characteristic band of dextroamphetamine sulfate, obeyed the 
linear relationship between the remission function and the con- 
centration as required by the Kubelka-Munk theory, whereas at 
215 nm. the plot of the remission function uersus concentration 
showed a deviation from linearity. It is well known that if molecular 
association occurs in a solution, it may cause deviation from the 
Lambert-Beer law. Molecular association can also occur on solid 
surfaces (22), as has been demonstrated with the pyrene-s-trinitro- 
benzene system, using dried silicon dioxide as the adsorbent. Devia- 
tion from linearity in the plot of the remission function uersus 
concentration was attributed to the association reaction between 
molecules on the solid surface. Analogously, the deviation from 
linearity shown in Fig. 2 at  215 nm. may be attributed to  molecular 
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Figure 3-Diffuse reflecturice spectra of a pliysicul mixture sample 
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association on the solid surface. This was consistent with the de- 
crease in intensity observed at  215 nm. as the concentration of 
dextroamphetamine sulfate increased (Fig. 1). 


Since multiple-layer adsorption may occur in physical adsorption, 
the increase in intensity observed at 257 nm., with increasing drug 
concentrations, may be ascribed to the physical adsorption of the 
dextroamphetamine sulfate molecules on the solid surface. This 
may be supported by the linear relationship between the remission 
function and concentration obtained at 257 nm. (Fig. 2). The 
shoulder band at approximately 340 nm. may be due to chemisorp- 
tion. Chemisorption, which often occurs at a higher temperature 
and at  a slower rate than physical adsorption, is associated with an 
activation energy (23). Therefore, it was reasonable to expect only 
a small shoulder peak in the initial state (Fig. 1). However, to 
complete the chemisorption of amphetamine molecules on the solid 
surface, an appreciable activation energy might be required, such 
as that supplied at higher temperatures, and this adsorption phe- 
nomenon will be discussed later. 


Physical mixtures containing 15 mg. of dextroamphetamine 
sulfate/g. of spray-dried lactose were prepared according to the 
procedure previously described. The samples were heated in the 
oven at 50 + OS", and their reflectance spectra were obtained at 
different intervals. The diffuse reflectance spectrum did change with 
temperature (Fig. 3). Browning of the samples also occurred, par- 
ticularly in the samples heated for long periods. The rate of the 


Table 11-Relationship between Reflectance Values and Time for a 
Physical Mixture Containing 15 mg. of Dextroamphetamine 
Sulfatelg. of Spray-Dried Lactose after Heating at 50" 


Tim: 
at 50 , I -Reflectance, %/100-------7 


hr. r-295 f(rm)z9b r, 340 f(ro5)3~~f(rm)2~~lf(rm)3~~ 


0 - - 0.974 0.0004 - 
22.5 1.ooO - 0.864 0.0107 0 
66.0 0.953 0.0012 0.840 0.0152 0.076 


134.0 0.920 O.oO?J 0.827 0.0181 0.192 
179.0 0.887 0.0072 0.808 0.0228 0.316 
222.0 0.876 0.0088 0.806 0.0234 0.376 
291.0 0.859 0.0116 0.800 0.0250 0.463 


2 4 6 8 1 0 1 2  
DAYS 


Figure 4-Relationskip between reflectance arid time for a physical 
mixture sample containing I S  mg. of dextroamphetamine sulfatelg. of 
spray-dried lactose ufter heating at 50". Key: 0, at 340 nm.; and 0, 
at 295 nm. 


browning reaction will be discussed later. The shoulder peak at 340 
nm. increased markedly after heating at 50". These observations 
can be explained on the basis that physical adsorption occurred as a 
result of triturating the dextroamphetamine sulfate with lactose, 
with only a slight amount of chemisorption occurring at  this early 
mixing stage. However, the extent of adsorption in the physical 
mixture sample was far from the equilibrium state, as can be seen 
from a comparison of the absorption maxima in Figs. 1 and 3. 
Reflectance values obtained at zero time from the physical mixture 
samples at 257 and 215 nm. were 31 and 36%, respectively; for 
the equilibrated samples, at the same drug concentration, the values 
were 11 and 36%. This difference may be due to the fact that tritura- 
tion and tumbling during physical mixing were not sufficient to 
obtain an equilibrium state. Consequently, at this stage, most of the 
dextroamphetamine molecules were present in intact crystalline 
form, thoroughly distributed throughout the lactose mixture. 
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Table III -Relationship between Reflectance Values and Time for 
an Equilibrated Mixture of Dextroamphetamine Sulfate and Spray- 
Dried Lactose after Heating a t  60" 


- Reflectance, %/lo:-. 
10 mg. 15 mg. 


Time Dextroamphetamine Dextroamphetamine 
at  60", -Sulfate/g. Lactose-. -Sulfate/g. Lactose- 


hr. r,, 295 f(rm)295 r, 295 f(rm)295 


0 0.983 0.0020 0.995 0 
25 .O 0.710 0.0592 0.770 0.0344 
46.3 0.655 0.9008 0.698 0.0653 
62.3 0.627 0.1109 0.677 0.0770 
84.0 0.610 0.1247 0.652 0.0929 


105.5 0.582 0.1501 0.640 0.1013 
131.5 0,570 0.1622 0.617 0.1189 
169.0 0.545 0.1899 0.690 0.1425 


Therefore, the intensity of the absorption of these intact crystalline 
particles and the spectral contributions due to chemisorption were 
small. However, as the sample was heated in the oven, the intensity 
of the maximum at 340 nm. increased markedly, A careful examina- 
tion of the spectrum also revealed the occurrence of a hump a t  about 
300 nm. During tht: heating period the physically adsorbed drug 
molecules probably obtained sufficient energy to migrate to  the 
unsaturated sites of the solid surface, where they underwent chemi- 
sorption. As the result of chemisorption, the intensity of the 
shoulder band at  340 nm. increased markedly. Langmuir (24) and 
Farnsworth and Madden (25) showed that, in a given adsorption 
system, a state of physical adsorption may precede chemisorption; 
hence, physically adsorbed molecules may, on obtaining sufficient 
energy, be transferred to a chemisorbed state. 


The intensity relaitionships, calculated from the data obtained in 
Fig. 3, are shown in Table 11, and a plot of the remission function 
c'ersus time is presented in Fig. 4. It can be seen from Fig. 4 that the 
intensity of the maximum a t  340 nm. increased as a function of time 
and gradually reached a plateau, whereas the absorption maximum 
a t  295 nm. appeared after 2 days and its intensity increased almost 
linearly. Browning of the sample accompanied the appearance of the 
new absorption peak a t  295 nm. Although the reflectance values 
obtained at  340 nm. were large, a comparison of the ratio, .f(r,)295/ 
f ( rJ340 ,  with time indicated that the rate of formation of the adsorp- 
tion complex at  295 nm. was greater than that a t  340 nm. If the 
sample is stored at 50" for sufficient time, the reflectance value a t  
295 nm. fnal1,y will be greater than that a t  340 nm. 


To study the browning reaction further, reflectance spectra were 
obtained for equilibrated samples containing 10 and 15 mg. of 
dextroamphetamine sulfate/g. of spray-dried lactose that had been 
stored at 50, 60, and 65 =t 0.5" for various periods. The spectra 
shown in Fig. 5 are of an equilibrated sample containing 15 mg. of 
dextroamphetamine sulfate after heating at  60" for various periods. 
The reflectance values and remission functions are shown in Table 
111. Similar results witre obtained a t  50 and 65". 


The literature on browning reactions has generally emphasized 
the complexity of the subject and the lack of specific knowledge of 
the chemical reactions involved. Koshy et al. (26) studied the brown- 
ing of spray-dried lactose and conventionally processed lactose 
USP in aqueous solutions buffered to  various pH's. They also re- 
ported the effect of heat, moisture, and tablet lubricants on brown- 
ing. All of their studies were conducted in the absence of added 
amines. Spra:y-dried lactose was found to have a UV absorption 
maximum, whereas USP and analytical reagent grade lactose did 
not. A relationship between the intensity of this maximum and the 
5-hydrox)imerhylfurEral content was shown. This absorbance was 
related to browning:. Moisture, in addition to 5-hydroxymethyl- 
furfural and/or related compounds, was shown to be a major con- 
tributory factor. Brownley and Lachman (27) investigated the 
relationship between the discoloration of spray-processed lactose 
and the presence of 5-hydroxymethylfurfural, using a spectro- 
photometer6 fitted with a reflectance attachment. Their results in- 
dicated that spray-processed lactose contains significant quantities 
of 5-hydroxymethylfurfural, while conventionally processed lactose 
contains essentially no 5-hydroxymethylfurfural. Their results also 
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Figure 6-IR spectra of dexrroamphetambie sulfate ( A )  and a 
mixture ( B )  contaitiing 10 mg. of de.utroamphetamitie sulfutelg. of 
spray-driedlactose afler.5 days at 60". 


implicated the presence of free 5-hydroxymethylfurfural in lactose 
with resultant browning. Samples of conventionally processed 
lactose free of 5-hydroxymethylfurfural, heated for 24 hr. a t  80" 
and stored a t  ambient conditions for 36 months, showed no darken- 
ing. Similarly treated samples of spray-processed lactose containing 
free 5-hydroxymethylfurfural darkened significantly. 


The most common type of browning, especially in dairy products, 
involves carbonyl-amine reactions, including the reactions of alde- 
hydes, ketones, and reducing sugars with amines, amino acids, 
peptides, and proteins. This type of browning has been referred to 
as Maillard-type browning (28) and is well known to dairy chemists 
and food technologists. This type of browning requires a relatively 
low order of energy for its initiation and exhibits autocatalytic 
qualities once it begins. 


The reactions of carbohydrates with amines are well known and 
were reviewed by Pigman (29). Reactions occur with aldehyde 
groups of open-chain forms of the carbohydrates t o  form Schiff 
bases, as well as with the aldehyde group of ring forms to produce 
glycosylamines. Duvall et a/. (7) investigated the browning reaction 
of dextroamphetamine sulfate solutions (pH 8) containing lactose. 
A marked change in the absorbance curve was noted after 1 week 
of storage a t  50". A new peak appeared in the region of 320 nm., 
and the solution became progressively darker with the appearance 
of a brownish-black precipitate. IR spectra and TLC data were also 
obtained to  support the conclusion that the reaction associated 
with this maximum at 320 nm. was of a Schiff base type involving 
the primary amine and the carbonyl group of the sugar. 
In this study, the thermal effect did produce marked changes in the 


reflectance spectra in the solid state. A new peak appeared at  about 
295 nm., and its intensity increased considerably when the sample 
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Figure 7-- Rote of browtrirtg of dextrocrniplrelamirr~~ sirlfkr-sprciy- 
dried lactose equilibrated mixtures at 60". Key:  0, I0 nig. of 
dextroamplietamitie snlfatelg. of spray-dried lactose; atid @, 15 mg. of 
dextroamphetnmitte sulfatelg. of spray-dried lactose. 
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Table IV-Apparent Zero-Order Rate Constants for the Browning 
of Dextroamphetamine SulfateApray-Dried Lactose Mixtures 


~ ~ 


10 mg. Dextroamphetamine 15 mg. Dextroamphetamine 
Temper- -Sulfate/g. Lactose-- --Sulfate/g. Lactose-- 


ature k(day-l) log k k(day-l) log k 


50" 1.284 X 10-2 -1.8928 0.827 X lo-' -2.0830 
60" 2.063 X 10-2 -1.6861 1.550 X 10-* -1.8097 
65" 2.850 X 10-2 -1.5452 2.400 X lo-' -1.6198 


was continuously heated. Extensive browning also occurred on heat- 
ing. The reaction associated with the appearance of the peak at 295 
nm. was probably analogous to the reaction that caused the ap- 
pearance of a new peak at 320 nm. in the dextroamphetamine 
sulfate-lactose solution, i.e., a Schiff base-type reaction involving 
the primary amine and the carbonyl group of the sugar. The shift 
in the A,,, from 295 nm. in the solid-solid mixture to 320 nm. in 
the solution was probably due to a pH effect, since the solution was 
buffered to pH 8 and the solid system was probably close to neu- 
trality. 


IR spectra were obtained to support the above observation and 
are shown in Fig. 6. Spectrum B was obtained after the equilibrated 
sample containing 10 mg. of dextroamphetamine sulfate with 1 g. 
of spray-dried lactose was heated at 60 f 0.5" for 5 days. Spectrum 
B exhibited a C==N stretching band (VC=N) at  1650 cm.-l, which 
lends additional support to the conclusion that the reaction as- 
sociated with the appearance of the peak at 295 nm. was of a Schiff 
base type. 


From these results the browning reaction can be attributed to  one 
or more of the following (Scheme I): 


dextroamphetamine sulfate + spray-dried lactose 
(4, 


\ I 
\ / 


/ \ 


\ / 
\ / 


I (A-L) 
\ ,  I \\ 


t .\ /. 
5-hydroxymethylfurfural 


(HMF) ------+(A-HMF) + 
brown color 


Schetne I-Postulated interaction of dextroamphetamine sulfate with 
spray-dried lactose in the solid state 


I .  Initially, the dextroamphetamine sulfate molecules were 
chemisorbed on the surface of lactose crystals in the equilibrated 
dextroamphetamine sulfate-lactose sample (abbreviated A-L). 


2. On prolonged heating, the chemisorbed molecules underwent 
a Schiff base-type interaction on the adsorption surface to form 
dextroamphetamine-5-hydroxymethylfurfural (abbreviated A- 
HMF) and extensive browning occurred. 


3. The degradation of lactose produced 5-hydroxymethylfurfural 
which reacted with dextroamphetamine molecules to form A-HMF. 


Since this study was conducted at the relatively low temperatures 
of 5@65", the quantity of 5-hydroxymethylfurfural formed due to 
the degradation of lactose was probably very small. This was sub- 
stantiated by a study of Koshy et al. (26) on the browning of buffered 
aqueous solutions containing spray-dried lactose and conventionally 
processed lactose. Visual observations of the solutions revealed that, 
after 1 week at 50°, they underwent faint changes in color ranging 
from yellow at pH 1, to colorless a t  pH 2-6, to faint yellow at  pH 7, 
and to deep yellow at pH 8. Although solutions at pH 2-6 were color- 
less, they exhibited an absorption peak at 275-285 nm., indicating the 
presence of 5-hydroxymethylfurfural. Therefore, the probability of 
the formation of dextroamphetamine-5-hydroxymethylfurfural 
from Step 3 was very low at these temperatures, and Step 3 was not 
necessary in the browning reaction. In other words, the discoloration 
of the sample was primarily due to Steps 1 and 2. 


The browning reaction was studied in a more quantitative manner 
by plotting the remission functions, , f(rm),  obtained from the re- 
flectance values at 295 nm. against time. The results obtained at 60" 
are shown in Fig. 7. Careful examination of each curve showed that 
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Figure 8-Arrhenius-type plots showitig the tt'mperature dependence 
for the browning of dextroamphetamine sulfute-spray-dried lactose 
eqwilibrated mixtures. Key: 0 , l O  mg. of dextroamphetamine sulfate/g. 
of spray-dried lactose; and a, 15 mg. of dextroamphetamine sulfate1 
g.  of spray-dried lactose. 


it consisted of two portions; in the first portion of the browning 
reaction, a hyperbolic curve was observed, whereas an almost linear 
relationship was obtained in the second portion. Each lactose 
molecule contained one molecule of water of hydration, and the 
liberated water probably participated in the initial stage of the 
browning reaction due to the formation of a solution phase contain- 
ing dextroamphetamine sulfate and lactose molecules. Duvall et at. 
(7) visually observed the browning reaction between dextroamphet- 
amine sulfate and lactose. They reported that the rate of browning 
was faster in solution than in the solid state; hence, it is reasonable 
to expect that the liberation of bound water from lactose molecules 
increased the rate of browning in the initial stages. 


During the second stage of the browning reaction, a nearly linear 
relationship was obtained between the remission function and time. 
From this relationship, the browning reaction may be assumed to 
follow an apparent zero-order reaction. Then it was possible to 
obtain rate constants from the slopes of the straight-line portions 
of the plots. However, since the mechanism involved in the actual 
reaction in the solid state was very complicated, the apparent zero- 
order rate constants in this case only represent a total overall reac- 
tion rate that enables one to estimate the rate of browning at other 
temperatures. 


Apparent zero-order rate constants were calculated from the 
slopes of the straight-line portions of the curves obtained by plotting 
the remission functions, f(r,) ,  obtained from the reflectance values 
a t  295 nm. against time at 50, 60, and 65". Figure 7 shows a typical 
plot obtained at 60"; the plots obtained at 50 and 65" were similar. 
The calculated rate constants are shown in 'Table IV, and an Ar- 
rhenius-type plot of log k uersus 1/T is shown in Fig. 8. The brown- 
ing rate constants were determined at 25" by extrapolation, and 
the times required for browning to occur at ;!5" were calculated as 
approximately 50.7 and 79.3 days for the samples containing 
10 and 15 mg. of dextroamphetamine sulfate/g. of spray-dried 
lactose, respectively. 


A comparison of the browning rate constants in Table IV reveals 
that the rate of browning was higher in the sample containing 10 
mg. of dextroamphetamine sulfate than it was in the sample contain- 
ing 15 mg. of dextroamphetamine sulfate at temperatures below 


1774 0 Journal of Pharmaceutical Sciences 







65”. However, a t  higher temperatures the samples containing 15 
mg. dextroamphetamine sulfate should show a faster rate of brown- 
ing (Fig. 8). At higher temperatures, sufficient energy was obtained 
to enable additional intact drug molecules to interact with the 
lactose. Therefore, the rate of the browning reaction in solid-solid 
mixtures of dextroamphetamine sulfate and spray-dried lactose is 
dependent on the concentration of drug in the mixture and the 
temperature a t  which the mixture is stored. 
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Permeation of Aromatic Organic Compounds from 
Aqueous Solutions through Polyethylene 


K. NASIM*, M. C. MEYER, and J. AUTIAN’ 


Abstract 0 The permeation, through polyethylene, of various 
aromatic acids, ;alcohols, amines, esters, aldehydes, and ketones in 
aqueous solution was investigated a t  50”. The studies were con- 
ducted in a glass cell with two chambers separated by a thin film 
of polyethylene. Studies a t  several temperatures indicated activation 
energies ranging from 12.9 to 21.4 kcal./mole. The applicability 
of Fick’s first law was established with solutions of varying initial 
concentrations. .4n inverse relationship was observed between the 
permeability constant of several compounds and the proportion 
of ethanol present in the solvent. Studies a t  various pH’s demon- 
strated transport of only the unionized species. Films exposed to 
pernieant solutions, prior t o  the permeation experiments, exhibited 
reduced permeation r,ates. Experimental permeability constants 
( P )  and hexane--water partition coefficients (PC) were subjected to 


regression analysis. A good correlation was obtained with the em- 
pirical equation: log (P)  = 1.06.1og ( P o  - 7.76. 


Keyphrases 0 Permeation-aromatic organic compounds from 
aqueous solutions through polyethylene films 0 Partition co- 
efficients, hexane-water-used to study permeation of aromatic 
acids, alcohols, amines, esters, aldehydes, and ketones in aqueous 
solutions through polyethylene films 0 Polyethylene films- 
permeation of aromatic organic compounds from aqueous solu- 
tions, hexane-water partition coefficients, permeability constants 0 
Organic aromatic compounds-permeation from aqueous solutions 
through polyethylene films 0 Films, polyethylene-permeation of 
aromatic organic compounds from aqueous solutions, hexane- 
water partition coefficients, permeability constants 


A previous. report in this series (l), involving poly- 
ethylene films, demonstrated a relationship between 
hexaneewater partition coefficients and permeability 
constants obtained for aqueous solutions of aniline 
and various substituted anilines. As an extension of this 
work, the permeation of 19 aromatic compounds, 


representing various chemical classes, was studied in a 
similar system. The objective of these investigations 
was the development of correlations, between the 
physicochemical properties of the compounds and their 
permeation from aqueous solution through polyeth- 
ylene, that might serve for the convenient prediction of 
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Hormones and Resistance. By HANS SELYE. Springer-Verlag, 175 
Fifth Ave., New York, NY 10010, 1971. xviii + 1140 pp. 17 x 
25 cm. Price $79.40 (two parts, not sold separately). 
This monograph is presented in two parts: (1) History, Chemistry, 


Pharmacology, and Hormonal Agents; and (2) Nonhormonal 
Agents. Clinical Implications, Morphology, Theories, and Synopsis. 
Its purpose, clearly stated in the beginning of the text, is “to examine 
how hormones can influence the resistance of the body to changes in 
its environment.” To this end, the author with a background of 
earlier monograph contributions on diverse but broadly related 
subjects (“stress syndrome,” thrornbohemorrhagic phenomena, 
anaphylactoid edema, calciphylaxis, mast cell, and experimental 
cardiovascular disease) has selected approximately 5OOo relevant 
articles from a worldwide literature base of more than 15,000 refer- 
ences for authoritative review, interpretation, and integration with 
unpublished personal data. The challenge of the assignment was 
approached by use of the analytico-synthetic procedure, a litera- 
ture processing practice applied in the development of earlier mono- 
graphs, which involves generation of analytically objective abstracts 
for use in the synthesis of interpretations, correlations, and sum- 
maries of the available data. Approximately one-half of the mono- 
graph consists of concise and readable abstracts of published and 
unpublished data, deployed in applicable subject sections for con- 
venient reference and assimilation by the reader. Unpublished ob- 
servations of the author are coded by protocol numbers for use as 
references in communicating additional information and published 
data by reference to original articles. The text material, distinguished 
by comparatively large print, allows a reader to develop a rapid 
overview of the subject, which integrates literature with personalized 
but unmatched authoritative views. However, any reader with un- 
limited or limited interest is cautioned about the need for initial 
orientation to special terminologies, concepts, text-table format, 
experimental parameters, statistics, and indexing mechanics, to 
optimize returns from the vast storehouse of experimental data in 
the two volumes. Contents of the monograph include a comprehen- 
sive treatment on catatoxic agents which modify resistance via 
metabolic degradations and/or excretion of potentially toxic sub- 
stances. Applicable background on enzyrnologic studies in the field 
are also provided for interpretative review of the underlying mecha- 
nisms for catatoxic activity. 


The monograph is a most timely compilation on current status 
of the subject based on empirical data of the past 35-year period, 
with promise that a new era of systematic research studies will 
emerge with the challenge of experimental questions raised by the 
available data. I t  will have a broad spectrum appeal in the scientific 
community (pharmacology, toxicology, endocrinology, immun- 
ology, biochemistry, and medicine) by offering a hormonal defense 
concept in modifying the course of disease processes in man. 


Reoiewed by C .  M. Kagawa 
Alcori Laboratories, lnc. 
Forth Worth, T X  76101 W 


The Merck Manual of Diagnosis and Therapy. Edited by DAVID N. 
HOLVEY. Merck & Co., Inc., Rahway, NJ 07065, 1972. 1964 pp. 
12 X 17.5 cm. Price $8.00. 
Initially published in 1899, the “Merck Manual” is a complete 


volume of diagnosis and treatment of virtually all generally en- 
countered diseases. This newest edition contains 110 pages more 
than the previous edition; the book is divided into 25 main sections 
and 351 principal chapters. This edition has been extensively re- 
vised and idcludes several new subjects, an expanded index. and 
more tabular and illustrative material than preceding editions. More 
than 400 prescription drugs are listed in the new edition. 


Staff Review 


International Nonproprietary Names for Pharmaceutical Substances: 
Cumulative List No. 3,1971. World Health Organization, Geneva, 
Switzerland, 1 9 7 1 . 1 8 9 ~ ~ .  15.5 X 24cm. Price$6.00. 
Periodically the lists of proposed international nonproprietary 


names for pharmaceutical substances published in the “WHO 
Chronicle” are compiled. This publication covers the period from 
1953-1971 and contains more than 2700 names. The names are 
given in both their Latin and English forms and are accompanied by 
the systematic chemical name and molecular formula. An index of 
molecular formulas is a new feature added to this cumulative list- 
ing. 
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2 -Alk yl 1 - (4 '-Benzhy drazide) aminome t hy lbenzimidazoles as 
MA0 Inhibitors 


SURENDRA S. PARMAR', R. S. MISRA, A. CHAUDHARI, and T. K. GUPTA 


Abstract IJ 2-Alkyl 1-(4'-benzhydrazide)aminomethylbenzimid- 
azoles were synthesized and evaluated for their MA0 inhibitory 
property, using kynuramine, tyramine, and 5-hydroxytryptamine as 
substrates. Anticonvulsant activity exhibited by these benzimid- 
mole hydrazides against pentylenetetrazol-induced seizures was 
found to be unrelated to the MA0 inhibitory ability of these 
compounds. 


Key phrases l-(4'-Benzhydrazide)aminomethylbenzimidaoles, 2- 
alkyl substituted-synthesis, evaluated as MA0 inhibitors, anti- 
convulsant activity 0 Anticonvulsant agents, potential-synthesis 
and evaluation of 2-alkyl substituted 1-(4'-benzhydrazide)amino- 
methylbenzimidazoles 0 MA0 inhibitors, potential-synthesis and 
evaluation of 2-alkyl substituted 1-(4'-benzhydrazide)amino- 
methylbenzimidazoles 


Hydrazine derivatives have been shown to be potent 
inhibitor$ of the enzyme M A 0  ( I ) ,  and inhibitors of 
this enzyme have exhibited pronounced anticonvulsant 
properties (2). Benzimidazole derivatives also have been 
shown to possess CNS depressant activity (3, 4). These 
observations led to the synthesis of substituted benz- 
imidazole hydrazides, which were prepared according 
to the steps outlined in Scheme I. In the present study, 
the ability of these compounds to inhibit M A 0  activity 
of rat brain homogenate was determined in an attempt 
to correlate the anticonvulsant activity of these com- 
pounds with their enzyme inhibitory property. 


o-Phenylenediamine, with aliphatic acids, gave 2- 
alkyl benzimidazoles (Ia) which, on Mannich reaction 
with ethyl p-aminobenzoate and formaldehyde, re- 
sulted in 2-alkyl 1-(4'-ethy1benzoate)aminomethyl- 
benzimidazoles (I-V). Corresponding hydrazides (VI- 
X) were prepared by the reaction of esters (I-V) with 
hydrazine hydrate. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen were performed. 
Melting points were taken in open capillary tubes and were cor- 
rected. 


2-Alkyl Benzimidazoles &)-These compounds were prepared by 
the reaction of o-phenylenediamine with aliphatic acids (5). 


2-Alkyl 1-(4'-Ethylbenzoate)aminometbylbenzimidazole (I-V)- 
To a suspension of 2-alkyl benzimidazole (Ia) (0.01 ' mole) in 
ethanol were added 0.012 mole of 37z formalin and 0.011 mole 
of ethyl p-aminobenzoate. During the addition of ethyl pamino- 
benzoate, the reaction mixture was stirred on an ice bath for 2 hr. 
The product which separated out on cooling was left overnight, 
collected by filtration, and recrystallized from ethanol. The 
benzimidazoles recorded in Table I were characterized by their 
sharp melting points and elemental analyses. 


2-AkyI 1-(4'-Benzhydrazide)aminomethylben~n1idmles (VI-X)- 
A mixture of appropriate 2-alkyl 1-(4'-ethylbenzoate)amino- 
methylbenzimidazole (1-V) (0.01 mole) and hydrazine hydrate 
(0.02 mole, 99-1OOz) was refluxed on a steam bath in absolute 
ethanol for 8-10 hr. The excess solvent was distilled off under 
reduced pressure, and the hydrazides which separated out were 
filtered and recrystallized from ethanol. These benzimidazole 


hydrazides (Table 11) were characterized by their sharp melting 
points and elemental analyses. 


Determination of MA0 Activity-Spectrophotojhorometric 
Method-The method described by Krajl(6) was used for the de- 
termination of MA0 activity of rat brain homogenate, using 
kynuramine as a substrate. The Chydroxyquinoline formed 
during oxidative deamination of kynuramine was measured fluoro- 
metrically in a spectrophotofluorometer 1 ,  using activating light 
of 315 nm. and measuring fluorescence at  the maximum of 380 nm. 
The reaction mixture consisted of 0.5 ml. of phosphate buffer (pH 
7.4, 0.5 M ) ,  0.5 ml. of kynuramine (1 X l e 4  M), and 0.5 ml. of 
brain homogenate (corresponding to 10 mg. of wet tissue weight). 
MA0 activity of the brain homogenate was determined by incuba- 
tion for 30 min. a t  37". The various inhibitors used at  the final con- 
centration of 5 X lF4 M were incubated with the brain homogenate 
for 10 min. before the addition of kynuramine. The mixture was 
further incubated for 30 min. The reaction was stopped by the 
addition of 1 ml. of 10% trichloroacetic acid, and the precipitated 
proteins were removed by centrifugation. Suitable aliquots of the 
supernate were taken in 1 N NaOH solution and were assayed for 
Chydroxyquinoline, which was taken as an index of the enzyme 
activity. The percent inhibition was calculated from the decrease 
observed in the absorbance. 


Warburg Manometric Method-MA0 activity of rat brain ho- 
mogenate was determined by a conventional Warburg manometric 
technique as described earlier (7). using tyrarnine and 5-hydroxy- 
tryptamine as substrates. The decrease in the oxygen uptake 
during oxidative deamination of tyramine or 5-hydroxytryptamine 
in the presence of benzimidazoles was used as an index of the en- 
zyme inhibition. The reaction mixture, in a total volume of 3 ml., 
was 66 mM phosphate buffer (pH 7.4), 10 mM tyramine or 5-hy- 
droxytryptamine, and the homogenate equivalent to 140 mg. of 
fresh tissue. The inhibitors were incubated with the enzyme prepara- 
tion for 20 min. before the addition of either substrate. The enzyme 
system was further incubated at 37", using oxygen as the gas phase 
for an additional hour. The readings of the oxygen uptake were mN? allpha(lc acids- @)"yR 


H 
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L ethyl parninobenzcnle l 


/ hydrazine I-v 
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Table I-2-Alkyl 1 -(4'-Ethylbenzoate)aminomethylbenzimidazoles 
~~~~ ~ 


Com- 
pound 
Num- -Analysis, %-- 
ber R Melting Point Yield, Molecular Formula Calc. Found 


I H 


I1 CHs 


111 CzHs 


IV n-CsHl 


V iso-C3H7 


171 O 


176" 


188" 


192" 


185' 


80 C 69.15 
H 5.76 
N 14.23 


72 CisH19N302 C 69.90 
H 6.15 
N 13.59 


65 


60 


C 70.58 
H 6.50 
N 1 3 . 0 0  
C 71.21 
H 6.82 
N 12.46 


CzoHzsNaOz C 71.21 
H 6.82 
N 12.46 


55 


68.80 
5.91 


13.93 
70.05 
5.98 


13.46 
70.62 
6.38 


12.92 
71.58 
7.02 


12.28 
71.06 
7.16 


12.57 


taken at 10-min. intervals. Benzimidazole hydrazides were used at a 
final concentration of 1 X 


Determination of Anticonvulsant Activity-Anticonvulsant ac- 
tivity was determined in mice of either sex weighing 20-27 g. (8). 
The mice were divided in groups of 10, keeping the weight of the 
groups equal as far as possible. One group of animals was used 
for each compound. The compounds were administered intra- 
peritoneally in 5 % gum acacia suspension in a dose of 100 mg./kg. 
Four hours after the administration of these compounds, the mice 
were injected with pentylenetetrazol (80 mg./kg.) subcutaneously 
under the loose skin of the back. This dose of pentylenetetrazol has 
been shown to produce convulsions in almost all untreated mice. 
The mice were then observed for 60 min. for the occurrence of 
seizures. An episode of clonic spasm persisting for 5 sec. was con- 
sidered a threshold convulsion. Transient intermittent jerks and 
tremulousness were not taken into account. Animals devoid of 
even a threshold convulsion during 60 min. were considered pro- 
tected. The number of animals protected in each group was re- 
corded, and the percentage of protection was calculated (Table 
111). 


RESULTS AND DISCUSSION 
All benzimidazole hydrazides (VI-X) were found to inhibit MA0 


activity during oxidative deamination of both kynuramine and 


M. 


Table 11-2-Alkyl l-(4'-Benzhydrazide)aminomethylbenzimidazoles 


5-hydroxytryptamine. The degree of enzyme inhibition in general 
was not only of a low order when tyramine was used as the sub- 
strate, but Compounds VI and VII were devoid of inhibitory ef- 
fects under similar experimental conditions. These results re- 
flected the greater sensitivity of benzimidazole hydrazides to in- 
hibit MA0 during oxidative deamination of kynuramine as com- 
pared to tyramine or 5-hydroxytryptamine. Thus, significant dif- 
ferences observed with the inhibitory effects of benzimidazole hy- 
drazides with the choice of the substrate in in uitro studies could 
possibly account for their different affinity and degrees of competi- 
tion with the individual substrate for the secondary site(s) on the 
enzyme MA0 where attachment of the inhibitor to these site(s) is 
responsible for greater inhibition as well as prolonged duration of 
action (9, 10). Similar results were reported (11) for 2-phenylcy- 
clopropylamine during in uitro studies using different biogenic 
amines as substrates with rat liver mitochondria1 MAO. Different 
degrees of enzyme inhibition were also observed when tyramine, 
serotonin, tryptamine, and dopamine were used as the substrates 
(12). 


All of the benzimidazole hydrazides (VI-X) exhibited low anti- 
convulsant activity, which was found to be maximum with Com- 
pound VIII where 50% protection against pentylenetetrazol-in- 
duced seizures was observed (Table 111). The toxicity of these com- 
pounds, as reflected by their approximate LDSo values, was found to 


~ ~ ~~~~~~ 


Com- 
pound 
Num- -Analysis, z-- 
ber R Melting Point Yield, Molecular Formula Calc. Found 


VI H 222" 56 ClsHisNsO C 64.04 63.82 
H 5.34 5.68 
N 24.91 24.62 


IX i1-CzH7 


217" 


100" 


92 ' 


50 


46 


38 CigHz,NsO 


C 65.09 
H 5.76 
N 23.73 
C 66.01 
H 6.15 
N 22.65 
C 66.87 
H 6.50 
N 21.67 


~- 


64.92 
6.00 


23.55 
66.21 
5.96 


22.43 ~~ 


66.82 
6.36 


21.58 
X iso-C3H7 197" 35 CisHziNs0 C 66.87 67.06 


H 6.50 6.42 
21.36 N 21.67 


~ ~ ~~~ 
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Table IJI-MA0 Inhibitory Property“, Behavioral Effectsb, and Anticonvulsant Activityb of 2-Alkyl 1-(4’-Benzhydrazide)- 
aminomethylbenzimidazoles 


c MA0 Inhibition, %--- 7 


Com- Serotonind 
pound (5-Hydroxy- 


Number Kynuraminec Tyramined tryptamine) 


VI 64.5 f 0 . 6  Nil 32.8 f 1.1)  


VII 63.0 &0.5 Nil 11.5 =t 1 . 2  
VIII 52.2 f 0.4  22.3 f 1.0 49.5 f 0 . 9  


IX 51.4 =k 0.4 20.6 =t 0.8 45.5 =I= 0 .9  
X 63.2 f 0.6 17.0 31 0 .8  54.0 f 0 . 8  


Behavioral Effects 


General excitation, increased mo- 
tor activity, circling move- 
ments, ataxia, seizures, and 
death following extensor phase 
of hind limb in two mice 


Slight depression of spontaneous 
motor activity 


Nil 


~ ~~ 


Anticonvulsant 
-- Activity, %-- 


Pro- Mortality Approximate 
after 24 hr. LD,,, mg./kg. tection 


20 30 250 


10 70 250 
50 50 loo0 
30 60 500 
20 40 > 1500 


a Vessel contents and assay procedures are as indicated in the text. Each experiment was done in triplicate. Figures indicate mean values f standard 
error. * Compounds were administered at  the dose of 100 mg./kg. i.p. c Final concentration of kynuramine and inhibitors was 1 X 10-4 M and 5 X 


M ,  respectively. The enzyme activity observed in the absence of added inhibitors was equivalent to change in absorbance (AA) from 2.78 
to 3.12/10 mg. fresh tissue/30 min. d Final concentration of tyramine or serotonin (5-hydroxytryptamine) was 1 X 10-2,M, while that of 2-alkyl 
l-(4’-benzhydrazide)aminomethylbenzimidazoles was 1 X 10-3 M .  The oxygen uptake in the absence of added inhibitors ranged from 67.56 
to 72.12 pl. and from 52.05 to 57.18 p1./140 mg. of fresh tissue during oxidative deamination of tyramine and serotonin, respectively. 


be of low order. As is evident from Table 111, the behavioral effects 
of the benzimidazole hydrazides were found to correspond to some 
extent with their toxicity. These results provide further support to 
our earlier observation (13) that MA0 is presumably not the only 
enzyme that could be responsible for the anticonvulsant property 
of such MA0 inhibitors. In the present study the in uitro enzyme 
inhibitory activity of these hydrazides was in no way parallel with 
their ability to afford protection against pentylenetetrazol-induced 
seizures or with their in uiuo gross behavioral effects. 
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Effects of Riboflavin on Boric Acid Toxicity 


DAPHNE A. ROE', DONALD B. McCORMICK, and REN-TSONG LIN 


Abstract Chronic feeding of rats with 1% boric acid impairs 
growth more in those on zero riboflavin than in those receiving 133 
mcg. riboflavin/100 g. diet. Guinea pigs on a diet containing 28 
mcg. riboflavin/100 g. diet show skin changes and a significant 
mortality when fed 1 % boric acid. Toxicity is minimal in riboflavin- 
repleted animals (1.6 mg./100 g. diet) fed the same level of boric 
acid. Chicks receiving riboflavin in excess of the accepted growth 
requirement show a decreased incidence of boric acid toxicity. 
Intraperitoneal injection of 2-'Criboflavin results in a significantly 
greater urinary excretion of labeled riboflavin in boric acid-fed 
animals than in controls for both rats and guinea pigs. Studies in 
uifro show that the binding of riboflavin to serum proteins is re- 
duced by borate, even in very low concentrations. It is concluded 
that riboflavin depletion can be induced by borate. 


Keyphrases 0 Boric acid toxicity-in uivo effect of riboflavin, rats, 
guinea pigs, chicks 0 Riboflavinuria-borate-treated rats, guinea 
pigs, chicks 0 Riboflavin-in uivo effect on boric acid toxicity, in 
vitro serum protein binding 0 Urinary excretion, riboflavin- 
effect of boric acid administration 0 Serum protein binding to 
riboflavin+ffect of serum dialysis against borate buffer 


Interspecies and intraspecies variations in sensitivity 
to the toxicity of boric acid have been well documented. 
Individual and familial susceptibility to boric acid 
poisoning occurs in man, with wide variations in the 
lethal dose for babies and other subjects (1, 2). Pfeiffer 
et al. ( 3 )  investigated acute borate toxicity in rats, mice, 
guinea pigs, and dogs and found that guinea pigs were 
the most susceptible of these animals. 


Numerous published accounts showed that boric acid 
reacts with polyhydroxyl compounds to  form com- 
plexes, as cited in the 1951 review by Zittle (4). Frost 
( 5 )  indicated the riboflavin-borate complex by noting 
that riboflavin was more soluble in aqueous borate so- 
lution than in water alone. Wadke and Guttman (6) 
also showed that the ribityl side chain was involved in 


TabIe I-Diet Patterns of Rats and Guinea Pigs in 
Flavin-Borate Studies 


~ 


Diet 
Group Pattern 


Rat 
1 RoBo Riboflavin, zero; boric acid, zero 


11 RaBi Riboflavin, zero; boric acid, 1.0% 
111 RiBo Riboflavin, 133 mcg./100 g. diet; boric 


acid, zero 
IV RiBi RiFflavin, 133 mcg./l00 g. diet; boric 


acid, 1.0% 
Guinea pig 


acid, zero 
1 R28 mcg. BO Riboflavin, 28 mcg./100 g. diet; boric 


I1 R28 mog. BI Riboflavin, 28 mcg./100 g. diet; boric 
acid, 1.OZ 


I11 Rl.g Bo Riboflavin.added, 1.6 mg./lUO g. diet; 


IV R1.B -. B1 Riboflavin added, 1.6 mg./100 g. diet; 
boric acid, zero 


boric acid, 1.0% 


the complex formation. Boric acid injected into the 
yolk sac of embryonated chicken eggs acts as a terato- 
genic substance, and skeletal malformations are pro- 
duced which are characteristic of riboflavin deficiency 
(7, 8). Landauer (9), who originally made these observa- 
tions in the chick embryos, later showed that striking 
breed differences existed in the dose required to induce 
the deformities and that chick embryos from strains 
d t h  high riboflavin requirements showed the highest 
incidence of skeletal abnormalities. 


Adrian (10) found that boric acid inhibited the growth 
of Lactobacillus casei and L. arabinosus and that this 
inhibition was reversed by addition of riboff avin to the 
growth media. Subsequently, he showed that urinary 
output of riboflavin was potentiated by boric acid in 
the mature rat. 


The main purpose of the present investigation was 
to  show the effects of boric acid intake on growing rats, 
guinea pigs, and chicks receiving low, maintenance, and 
high levels of dietary riboflavin. The investigation also 
was designed to determine whether or not Adrian's (10) 
observation of boric acid-induced riboflavinuria in the 
rat could be confirmed with the sensitive and more 
specific isotope techniques. Finally, an attempt was made 
to see if such riboflavinuria could be due to interference 
of borate with the binding of the vitamin by serum pro- 
tein so that renal excretion would be potentiated. 


EXPERIMENTAL' 


Animal Studies-In both rat and guinea pig experiments, an- 
imals were studied during the period of active growth. 


Rat-Sixteen male Holtzman rats, 26 days old and 70 g. average 
starting weight, were divided into four groups of four rats each 
according to the diet pattern. Their basic diet was the riboflavin-free 
mixture. This diet was fed alone to the first group, while the second 
received this diet with the addition of 1% boric acid, The third group 
was given the basic diet, supplemented with riboflavin to supply 133 
mcg./lOO g. of food; the fourth received the riboflavin-containing 
diet to which 1% boric acid had been added (Table I). 


Food and water were supplied adlibiturn. Feed intake and weight 
gains were measured on alternate days. Animals were inspected daily 
for gross evidence of toxicity. After 6 days of adaptation to the 
experimental diets, rats were transferred to metabolic cages. At this 
time, two animals from each group were injected intraperitoneally 
with 1 ml. of 2-14C-riboflavin dissolved in 0.9% sodium chloride 
solution in a concentration of 4.8 pc./ml., with a total riboflavin 
concentration of 50 mcg./rnl. Another two animals were injected 
with only 0.9% saline. Urine was then collected for 8 days so that 
the urinary excretion of total radioactivity could be assayed for 
sequential 48-hr. periods. The volumes of all urine samples collected. 
were measured, and 0.1-ml. aliquots were added to Bray's solution 
(1 1) to measure radioactivity in a liquid scintillation spectrometerZ 
Corrections for quenching were made. 


1 2-l'C-Riboflavin (61 mc./mM) was obtained from Amerrham/ 
Searle. Boric acid A.R. was purchased from Mallinckrodt Chemical 
Works. The basic rat diet was obtained from Nutfitional Biochemicals 
Corp. The pelleted guinea pig diets were supplied by General BIO- 
chemicals. 


* Packard Tri-Carb. 
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Figure 1-Growth curves of rats. Key: Bo, no borate; BI, borate 
added to the diet; Ro, riboflavin-free diet; and RI, riboflavin supplied 
in the diet. 


The identity of the radioactive material in the urine was deter- 
mined by spotting samples on Whatman No. 1 paper, carrying out 
chromatographic separation in a butanol-acetic acid-water (2: 1 : 1) 
solvent system, scanning the chromatogram for radioactive spots 
using a strip scanner3, and identifying the labeled compounds by Rf 
values. 


Two weeks after the initial isotopic tracer studies, the animals 
were again injected with 2-14C-riboflavin. Urine collection and 
assays of urinary radioactivity were repeated, and then the animals 
were sacrificed. The livers were kept. The duration of study was 27 
days. Residual radioactivity in the livers was measured by counting 
aliquots of homogenates as previously described (12). 


Guinea Pig-The experimental design of investigations utilizing 
guinea pigs of the English Shorthair strain was similar but not 
identical. 


Sixteen 22-day-old animals, with starting weights in the range 
of 150-190 g., were divided into four groups of four each and fed 
pelleted diets. Diets of the first and second groups contained 28 mcg. 
riboflavin/100 g. food, with the second group receiving 1 % boric acid 
in addition.The third and fourth groups were given thebasic diet sup- 
plemented with riboflavin to supply 1.6 mg./100 g., and the latter 
group of animals was fed this high riboflavin diet with 1 boric acid 
(Table I). Food and water were supplied ad libitum. After 1 week of 
adaptation to experimental diets, two animals from each group were 
injected with 1 ml. of 2-W-riboflavin dissolved in 0.9% sodium 
chloride solution in a concentration of 4.8 pc,/ml., with a total ribo- 
flavin concentration of 50 mcg./ml. The animals were then put in the 
plastic metaboliccages. Urine was collected for 4 days for sequential 
24-hr. periods. The remaining two animals in each group were 
housed in the maintenance cages and injected with 1 ml. of 0.9% 
saline solution. Feed intake and weight gains were measured on 
alternate days. The procedure of measuring the urinary radioactivity 
was the same as in the rat studies. The identity of the radioactive 
material in the urine was determined by paper chromatographic 
assay using the butanol-acetic acid-water (2: 1 : 1) solvent system as 
for the rat. 


Two weeks after the initial administration of 2-14C-riboflavin, the 
same procedure was repeated and then the animals were sacrificed. 
The residual radioactivity of livers was measured as described for 
the rat (12). In addition, total flavins of the livers were determined 
using an adaptation of the fluorometric method of Burch et al. (13). 


Chick-White Leghorn chicks were employed in a further in- 
vestigation to elucidate the role of riboflavin in the prevention of 
boric acid toxicity. Thirty birds, 6 days old and of 55 g. average 
weight, were divided into five diet groups. The first group received a 
powdered chick diet containing 7 mg. of riboflavin/kg. The second 
received this diet with the addition of 0 .8z  boric acid. The third 
was given a diet containing 14 mg. of riboflavinlkg. with 0.8 boric 
acid. The fourth received a diet containing 28 mg. of riboflavin/kg. 
with 0.8 boric acid, and the fifth group was given a diet contain- 
ing 28 mg. of riboflavin/kg. but without boric acid. Chicks were 
housed six birds to a cage. Food and water were supplied ad libitum. 
The experiment was continued for 25 days, during which time the 
food intake and weight gains were measured three times a week and 
the adverse effects of the boric acid on the chicks were recorded. 


Experiments In Vitro-Blood was obtained from decapitated 
adult Holtzman rats that had been maintained on a 25% casein diet 
containing maintenance levels of riboflavin (80 mcg./100 g.). 
Serum was separated by centrifugation and used in two-phase 
equilibrium dialyses carried out in a darkened cold room at 1.1" 
(34" F.) (14). Aliquots of serum were dialyzed against either 0.2 M 
phosphate buffer alone or a phosphate buffer of the same molarity 
containing 0.001 or 0.01 M borate. All buffers were adjusted to 
pH 7.3. The dialysis sacs contained serum diluted with the comple- 
mentary buffer (1 : l), and the fluid volunle in the sacs was one-tenth 
of that in the external solution. 


Dialysis was continued for 21 hr. with continuous gentle agitation 
on a magnetic mixer. At the end of this time, the serum samples were 
dialyzed against the 0.2 M phosphate buffer to which 2-14C-ribo- 
flavin had been added. Dialysis was carried out under the same 
conditions as those used for the first phase of the study and con- 
tinued for 24 hr. During this time, 0.1-ml. aliquots of the serum were 
removed from the sacs sequentially and placed in counting vials to 
which 10 ml. of Bray's solution was added; radioassay was carried 
out in the liquid scintillation spectrometer. Radioassay of the 
external solution was carried out at zero time and at the end of the 24 
hr. The protein content of the serum was determined by the biuret 
method. Specific activities of the boric acid-treated and control 
serums were calculated (disintegrations per minute per milligrams 
protein), and the uptake of the 2-14C-riboflavin by the serum pro- 
teins was computed from zero time until equilibrium had been 
reached. After correction for volume changes, the difference 
between the radioactivity of the external and internal solutions at 
equilibrium was accepted as the bound 2- 14C-riboflavin. By applying 
the known specific activity of the original 2J4C-riboflavin solution, 


120 


100 


M 
80 f 


4 
0 
c 


60 52 
5 
W 


40 


20 
.................... m.........., 


' 5  ....... 


24 10 14 18 6 
DAYS ON DIET 


Figure 2-Growth curves of guinea pigs, Key: B, borate: R,  ribo- 
jlavin; and the subscripts indicate presence ( I ) ,  absence (0),  or the 
amount in mg. or mcg./100 g .  of diet. 3 Nuclear-Chicago Actigraph 111. 
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Figure 3-Growth curves of chicks. The additions of borate ( B )  and 
riboflavin ( R )  are as designated in Figs. I and 2. 


- 


- 


values were expressed as riboflavin bound per milliliter serum or 
per milligram protein. 


RESULTS 


Boric acid induced growth retardation in rats. The weight gains of 
animals on riboflavin-deficient diets were less than those receiving 
maintenance levels of this vitamin. Animals that were riboflavin 
depleted and also those that were fed boric acid showed the smallest 
weight gain (Fig. 1). Apart from the growth inhibition, the rats 
showed no gross evidence of boric acid toxicity nor any specific 
signs which could be attributed to riboflavin deficiency. 
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Figure 4-2-'4C-Ribof?avit~ excreted in rut urine as percent of injected 
radioacticity, Key: 0, first injection; aud i i ,  secondirljection. 
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Figure S-2-'4C-Riboflavin excreted in guinea pig urine as percent 
of injected radioactivity. Key: 0, first injection; and Li, second injec- 
tion. 


Guinea pigs on the riboflavin-supplemented diet showed similar 
weight gains and feed efficiency to those on the basic diet. Boric acid 
impaired the growth of animals on diets supplementedwithriboflavin 
and completely inhibited growth of those on the low riboflavin diet 
(Fig. 2). Among animals receiving boric acid, all those on the low 
riboflavin diet showed roughness of their hair as well as dermatitis 
and edema of their feet during the terminal week of study. Two 
animals in this group died on the 17th and 18th days of the 24-day 
experiment. Animals on the riboflavin-supplemented diet which 
were fed boric acid showed no coat changes, and only one animal 
had detectable edema of the feet which was observable on the day of 
sacrifice. 


Chicks receiving riboflavin in excess of the accepted requirement 
of this vitamin for growth showed a decreased incidence of boric 
acid toxicity. Doubling the level of riboflavin in the chick diets 
improved weight gains, but further improvement in growth was not 
attained by increasing riboflavin intake above this level (Fig. 3). 
All chicks fed boric acid showed feather changes characterized by 
easy pluckability and spontaneous loss; these changes appeared on 
or about the 10th day in birds on the diet containing 7 mg./kg. 
riboflavin. Chronic boric acid feeding was associated with death of 
these birds between the 12th and 22nd days of the 25-day study; 
premortal signs included weakness and falling in the cage. 


Excretion of Flavin Radioactivity-After the first injection of 
2-14C-riboflavin, the accumulative urinary excretion of the labeled 
compound showed group differences which were similar in the rats 


n 


LL 30 


W 


t; 


3 
0 


t 
t 
2 


G 
n 


c y 20 


4 
tY 
c z 
LL 
w a 
1 
4 
I- 
0 


10 


c o  


R o  81 
n R i  B I  
I I  


Figure 6-2-14C-Riboflavin excreted in rat urine as percent of total of 
two injections. 
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and in the guinea pigs. Animals receiving boric acid excreted a 
significantly greater percentage of the administered radioactivity 
than those on the riboflavin-supplemented or riboflavin-“deficient” 
diets alone, the excretion being highest in boric acid-fed animals 
on riboflavin supplements (Figs. 4 and 5). After the second injection 
of 2-14CC-riboflavin, intergroup differences in the urinary excretion 
of the labeled compound were less; and in the guinea pigs on the low 
riboflavin diet, there was no difference in the excretion of radio- 
activity between boric acid-fed animals and the control group. 
However, the total excretion of two injections was higher in the 
boric acid-fed groups (Figs. 6 and 7). 


Radiochromatographic studies of the urine showed one spot 
which had the R,  value of 2-I4C-riboflavin. No riboflavin products 
could be detected, although the limitations of the method cannot 
rule out their presence in trace amounts. 


Riboflavin in Liver-In rats, while the percentage of the ad- 
ministered radioactivity remaining in the liver was marginally 
affected by the diet, the residual radioactivity of the liver (expressed 
as disifitegrations per minute per gram fresh tissue) was greater in 
animals that had received boric acid, being highest in the riboflavin- 
depleted group that had received the drug (Table 11). Since the liver 
weights of the animals on boric acid were significantly less than 
those of the control groups, these findings showed that the capacity 
of the liver to retain riboflavin was unaffected by boric acid treat- 
ment. 
In the guinea pigs, the percentage retention of radioactivity by 


the liver was highest in the control group on the low riboflavin in- 
take and lowest in the control group on the riboflavin-supplemented 
diet (Table 111). When the residual radioactivity of the liver was ex- 
pressed as disintegrations per minute per gram fresh tissue, only those 
animals that had had riboflavin supplementation without boric acid 
exhibited diminished retention, indicating that in these the liver was 
already saturated with the vitamin. The total flavin in the guinea pig 


Table 11-Residual 14C in the Livers of Rats 


d.p.m. X 
Diet Liver Percent of lq3/g. 


Group Pattern Weight, g. Injection Liver 


Table III-Residual 14C in the Livers of Guinea Pigs 


Liver Percent of d.p.m. 


Group Pattern g. Injection Liver 
Diet Weight, Total x 103/g. 


I Rza mcg. Bo 10.8 10.83 213 
14.6 16.41 242 
4.9 4.78 209 
4.5 6.47 305 


111 R1.6 mg. BO 11.5 2.61 49 
11.1 1.76 34 


IV R1.6 mg. BI 11.6 7.30 134 
5.2 6.81 282 


livers was markedly decreased in animals that had received boric 
acid, but differences were accounted for by the smaller size of the 
livers in these groups (Table IV). 


Studies In Vitro-In the experiments in uitro, it was shown that 
uptake of 2-14C-riboflavin by serums that had been dialyzed against 
borate-containing buffer was greater than uptake of the labeled 
vitamin by serums that had been dialyzed against phosphate-con- 
trol buffers. Borate buffers of very low molarity (0.001 M )  had a 
significant effect on the subsequent uptake of 2-14C-riboflavin, so 
that the amount taken up by the serum proteins was increased after 
equilibrium had been reached. The effect of a higher concentration 
of borate (0.01 M )  seemed not to be significantly different from the 
effect with a low concentration (0.001 M )  (Fig. 8). These results in- 
dicate that borate removes riboflavin from binding sites on serum 
proteins and that binding is reversible upon removal of borate. 


DISCUSSION 


It has been shown that growth retardation induced in rats, guinea 
pigs, and chicks by boric acid is dependent at least in part on ribo- 
flavin intake. In studies utilizing 2-14C-riboflavin, it was demon- 
strated that the urinary excretion of riboflavin is increased by boric 
acid feeding. This result was not due to the smaller size of the ani- 
mals which results after some time on the borate-containing diets, 
since at the time of the first injection the body weights of the ani- 
mals of all groups were similar. There was no significant difference 
after the second injection, because the excretion of riboflavin is pro- 
portional to dietary and tissue level of this vitamin (15, 16). 


The mechanism producing this riboflavinuria was elucidated in 
the studies in vifro, in which it was shown that the binding of ribo- 
flavin to serum proteins is reduced by borate, even in very low con- 
centrations. In previous studies by Frost (5) and Weygand (17), 
who investigated riboflavin-borate complexes, it was found that 
such complexes have full biological activity. Nevertheless, if as has 
been assumed in the present investigations, riboflavin is detached 
by boric acid from binding sites for the vitamin on serum proteins 
through formation of flavin-borate complexes, then the vitamin 
would be available for renal excretion. This situation is analogous 
to the avian recessive disorder of renal riboflavinuria, in which it 
was shown by Winter (18) that there is a deficiency or absence of the 
normal flavin-binding protein in the serum and egg yolk as well as 
a deficiency of egg albumin flavoprotein. In this genetic disease, 


Table IV-Flavin in the Livers of Guinea Pigs 


Total 
Liver Flavin, Total 


Diet Weight, mcg./g. Flavin, 
Group Pattern g. Liver mcg./Liver 


I ROB, 7.4 10.89 327 
5 .2  10.01 429 


I1 RaBi 2 .0  11.07 1248 
2.4 10.74 998 


111 RIB, 7 . 7  7.89 230 
6 . 7  10.45 348 


2 .4  9.01 838 
IV RIBI 2.3 7.76 753 


I Rza m a .  Bo 12.9 10.7 138.0 
11.2 9 .6  107.5 


I1 R2s mcg. BI 5.3 14.5 76.8 
4.6 16.9 87.7 


111 R1.6 mg. BO 11.2 14.9 166.9 
14.4 9.1 131 .O  


IV R1.6 mg. B1 5.2 8 . 7  45.2 
8 . 5  11.0 93.5 
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Figure 8-Uptake of 2-14C-riboflnvin by rat serums in equilibrium 
dialysis. 


massive urinary loss of the vitamin occurs, and its deposition in 
developing eggs is diminished (19). Progeny of the affected females 
become severely riboflavin deficient and usually die at about the 
13th day of incubation. 


Absorption of boric acid increases the riboflavin requirements 
for growing animals to compensate for the vitamin drain incurred 
by the presence of the drug in the body. The capacity of the liver to 
retain riboflavin seems not to be affected by boric acid treatment. 


Chronic toxicity of boric acid is in part determined by riboflavin 
status; that is, animals that have a low intake or are progressively 
riboflavin depleted show the more severe signs of intoxication. Con- 
versely, riboflavin intake in excess of requirements can confer some 
protection against the adverse effects of the drug. 


Since it was previously shown that boric acid forms complexes 
with sugars and mucopolysaccharides, inactivates certain enzymes, 
and produces pathological changes in the kidney and CNS (3, 4, 
20-22), it is apparent that increasing riboflavin intake alone does not 
afford protection against poisoning. 


Predisposition to boric acid intoxication can be due either to 
genetic factors, such as in the mutant chick (18, 19), or to dietary 
factors, as has been demonstrated in the present study. In either case, 
one variable which may determine the outcome of boric acid ab- 
sorption is the ability of the animal to retain riboflavin. This has 
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Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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65”. However, a t  higher temperatures the samples containing 15 
mg. dextroamphetamine sulfate should show a faster rate of brown- 
ing (Fig. 8). At higher temperatures, sufficient energy was obtained 
to enable additional intact drug molecules to interact with the 
lactose. Therefore, the rate of the browning reaction in solid-solid 
mixtures of dextroamphetamine sulfate and spray-dried lactose is 
dependent on the concentration of drug in the mixture and the 
temperature a t  which the mixture is stored. 
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Permeation of Aromatic Organic Compounds from 
Aqueous Solutions through Polyethylene 


K. NASIM*, M. C. MEYER, and J. AUTIAN’ 


Abstract 0 The permeation, through polyethylene, of various 
aromatic acids, ;alcohols, amines, esters, aldehydes, and ketones in 
aqueous solution was investigated a t  50”. The studies were con- 
ducted in a glass cell with two chambers separated by a thin film 
of polyethylene. Studies a t  several temperatures indicated activation 
energies ranging from 12.9 to 21.4 kcal./mole. The applicability 
of Fick’s first law was established with solutions of varying initial 
concentrations. .4n inverse relationship was observed between the 
permeability constant of several compounds and the proportion 
of ethanol present in the solvent. Studies a t  various pH’s demon- 
strated transport of only the unionized species. Films exposed to 
pernieant solutions, prior t o  the permeation experiments, exhibited 
reduced permeation r,ates. Experimental permeability constants 
( P )  and hexane--water partition coefficients (PC) were subjected to 


regression analysis. A good correlation was obtained with the em- 
pirical equation: log (P)  = 1.06.1og ( P o  - 7.76. 


Keyphrases 0 Permeation-aromatic organic compounds from 
aqueous solutions through polyethylene films 0 Partition co- 
efficients, hexane-water-used to study permeation of aromatic 
acids, alcohols, amines, esters, aldehydes, and ketones in aqueous 
solutions through polyethylene films 0 Polyethylene films- 
permeation of aromatic organic compounds from aqueous solu- 
tions, hexane-water partition coefficients, permeability constants 0 
Organic aromatic compounds-permeation from aqueous solutions 
through polyethylene films 0 Films, polyethylene-permeation of 
aromatic organic compounds from aqueous solutions, hexane- 
water partition coefficients, permeability constants 


A previous. report in this series (l), involving poly- 
ethylene films, demonstrated a relationship between 
hexaneewater partition coefficients and permeability 
constants obtained for aqueous solutions of aniline 
and various substituted anilines. As an extension of this 
work, the permeation of 19 aromatic compounds, 


representing various chemical classes, was studied in a 
similar system. The objective of these investigations 
was the development of correlations, between the 
physicochemical properties of the compounds and their 
permeation from aqueous solution through polyeth- 
ylene, that might serve for the convenient prediction of 
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Table I-Chemical Structure and Molecular Weight 
of the Compounds Investigated 


Compound Ria RP 


Benzoic Acids and Benzoates 
Benzoic acid H COOH 
p-Hydroxybenzoic acid OH COOH 
Methyl p-hydroxybenzoate OH COOCH, 
Ethyl p-hydroxybenzoate OH COOCzH, 
n-Propyl p-hydroxybenzoate OH COOCaH, 


Methyl p-aminobenzoate NH, COOCH, 
Ethyl p-aminobenzoate NHz COOCxH, 
Isobutyl p-aminobenzoate NH, COOCiHs 


Phenol OH H 
p-Bromophenol OH Br 


Aniline NHz H 
p-Nitroaniline NH? NOz 


p-Aminobenzoic acid NHz COOH 


Phenols 


Anilines 


p- Anisidine NHz OCH3 
Benzal deh y des 


Benzaldeh yde CHO H 
p-Chlorobenzaldehyde CHO CI 
p-Methylbenzaldehy de CHO CH3 
p-Nitrobenzaldehyde CHO NOz 
p-Hydroxy benzaldehy de CHO OH 


Acetophenones 
Acetophenone COCH, H 
p-Nitroacetophenone COCH3 NOz 
p-Methylacetophenone COCH, CHa 


p- Aminoacetophenone COCH3 NH, 
p-Methoxyacetophenone COCH, OCHB 


Molec- 
ular 


Weight 


122.12 
138.12 
152.14 
166.18 
180.21 
137.13 
151.17 
165.19 
193.24 


94.11 
173.01 


93.13 
138.12 
123.15 


106.12 
140.57 
120.14 
151.12 
122.12 


120.15 
165.18 
134.12 
150.17 
135.16 


a Substitutions on the benzene ring at the para-position. 


permeation tendencies of related compounds. In addi- 
tion, it seemed desirable to elucidate the influence of 
some experimental variables on the permeation process. 


EXPERIMENTAL 


Materials-A polyethylene film', 0.0127 cm. thick and 0.924 
dense, was used. All chemicals employed in this study were analyti- 
cal reagent grade or the highest available purity. Table I lists the 
24 compounds considered. As described later, only 19 of these 
were employed experimentally. The remaining five are discussed 
in terms of literature data. 


Analytical Methods-All solute concentrations were determined, 
using a spectrophotometer2, from Beer's law plots prepared for 
each compound at the wavelength of maximum absorption. 


Routine Conditioning of Film-Except in studies to investigate 
the effect of various pretreatments of the films, a standard procedure 
was employed in the preparation of each film. Squares of the poly- 
ethylene film, 10 X 10 cm., were soaked in 95% ethanol for 24 hr. 
The film was rinsed with distilled water and then soaked in 50% 
ethanol for 1 hr. The film was rinsed with distilled water, and the 
ethanol soaking-water washing procedure was repeated three 
times. After the final rinse with distilled water, the film was dried 
overnight at 50 =k 0.5" in a drying oven and stored in a desiccator 
until used. 


Permeation Studies-The permeation experiments were con- 
ducted, essentially as previously described (l), in a two-chamber 
glass cell as illustrated by Rodell el al. (2). The solutions in each 
cell were well stirred with the aid of magnetic stirring bars and micro- 
submersible magnetic stirrers, set at approximately 200 r.p.m. 
The compounds were studied as 0.1 % (w/v) solutions in distilled 
water, with the exception of n-propyl p-hydroxybenzoate and iso- 
butyl p-aminobenzoate which were studied as water-ethanol 


~~ ~ ~ ~~~ 


Chemicals Department, Gulf Oil Corp., Orange, Tex. 
Hitachi Perkin-Elmer model 139. 
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Table &-Effect of Concentration on the Permeation 
of Aqueous Solutions of Acetophenone through 
Polyethylene at 50" 


~~ 


Permeation Permeability 
Concentration Rate, Constant, 


(w/v). % mg./min. cm.2/sec. X lo8 


0.01 
0.05 
0.10 
0.20 
0.30 


0 049 - .  _. .. 


0.0228 
0.0511 
0,0890 
0.1280 


22.4 
20.7 
23.1 
21.9 
19.3 


systems because of limited solubility. The permeation experiments 
were conducted at  50 f 0.2", except for those involving studies 
of temperature effects; studies of isobutyl p-aminobenzoate were 
conducted at 60 + 0.2" to accelerate the slow permeation rate. 
Several studies were designed to discern the influence of pH on the 
permeation rate, but in the majority of the permeation experiments 
the pH of each solution was sufficiently high so that the compound 
was at least 99 


Sampling during each study was continued for a sufficient time 
to ensure that steady-state permeation was achieved. In all experi- 
ments, the final concentration of the permeating or donor solution, 
a t  the termination of the experiment, was far in excess of the con- 
centration of the desorbing or receptor solution. This resulted in 
an essentially invariant concentration gradient throughout the 
experiment. Each permeation experiment was performed at  least 
in duplicate, and the observed amounts of solute permeating the 
film during each time interval were averaged. 


Partition Coefficients-The hexane-water partition coefficients 
for the compounds were determined at 27 =t 0.2" by equilibration of 
the samples, containing 10 ml. of each solvent, in a constant- 
temperature water bath. 


Effect of Concentration-Studies of the influence of concentration 
on the permeation process were conducted at 50 =k 0.2" with 
aqueous acetophenone solutions at concentrations of 0.01, 0.05, 
0.1, 0.2, and 0.3% (w/v). 


Effect of Temperature-The influence of temperature was studied 
with methyl p-aminobenzoate, methyl p-hydroxybenzoate, and 
ethyl p-hydroxybenzoate, in aqueous solution, using initial con- 
centrations of 0.1 % (w/v). 


Effect of Solvent-Mixed ethanol-water systems were employed as 
the donor and receptor solutions in investigations of the influence 
of solvent polarity on the permeation process. Experiments were 
performed with 0.1 (w/v) n-propyl p-hydroxybenzoate in 2, 5, 10, 
and 20% (v/v) ethanol solutions at 50 =k 0.2" and with 0.1 (w/v) 
isobutyl p-aminobenzoate in 20, 30, 40, and 50% (v/v) ethanol 
solutions at  60 rrt 0.2". The permeation cells were tightly sealed, 
except during brief periods of sampling, to minimize evaporation of 
ethanol. 


Effect of pH-The effect of pH on the permeation process was 
studied with 0.1 % (w/v) solutions of aniline and benzoic acid in 
0.1 M dibasic sodium phosphate buffer. The donor buffer solution 
containing aniline was adjusted to pH 2.6, 3.6,4.6, 5.6, and 6.6, and 
the receptor buffer solution was adjusted to pH 6.6 The solutions 
containing benzoic acid were adjusted to pH 2.2, 4.2, and 5.0, and 
the receptor solution for this compound was adjusted to pH 2.2. 
The pH's of the donor and receptor solutions were measured at the 
termination of each study and showed no change. 


Effect of Pretreatment of Polyethylene Film -In addition to 
the conditioning procedures for the films outlined earlier, two 
other treatments were employed to investi,gate certain anomalous 
behavior observed with some compounds, The first type of special 
treatment involved reusing a film that had been employed in a prior 
experiment. At the termination of permeation studies with methyl 
p-aminobenzoate, ethyl p-aminobenzoate. and ethyl p-hydroxy- 
benzoate, the three films were removed from the permeation cells, 
rinsed with distilled water, and dried at room temperature. A 
second series of permeation studies was then conducted using these 
same films, with each film employed in connection with the com- 
pound with which it had previously been exposed. The experimen- 
tal conditions were identical to those of the original experiment 
for each compound. 


A second pretreatment procedure was also utilized in which the 
polyethylene film was immersed for 48 hr. in distilled water at 50 41 


in the unionized form. 
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Figure 1-Influence of temperature on the permeation of 0.1 % 
( w / u )  ethyl p-hydroxybenzoate. 


0.2". This film was then employed in a permeation study conducted 
at  the same temperature with a 0.1 z solution of methyl p-amino- 
benzoate. 


RESULTS AND DISCUSSION 


In each study, the permeation process was characterized in terms 
of a permeability constant (P)  determined, as previously described 
(l), from the least-squares analysis of the steady-state portion of 
a plot of milligrams per liter of compound permeated across the 
polyethylene film z'ersus time. 


Effect of Concentration-The influence of initial solute concen- 
tration was studied with five different concentrations of aceto- 
phenone, ranging from 0.01 to 0.3 (w/v). The observed permeation 
rates and permeability constants are summarized in Table 11. As 
anticipated from a consideration of Fick's first law (3-5) for a 
system with an invariant concentration gradient and constant sur- 
face area, the permeation rate of this compound was directly pro- 
portional to the initial concentration present in the system. How- 
ever, the permeability constant was essentially invariant with 
changes in initial concentration. A similar observation was also 
reported by Garrett and Chemburkar (6) for the permeation of 
certain drug molecules through silastic membranes. 


Effect of Temperature-Permeation studies were conducted for 
methyl and ethyl phydroxybenzoates and methyl p-aminobenzoate 
at 50, 55, and 60". A representative permeation plot at the three 
temperatures is given in Fig. 1 for ethyl p-hydroxybenzoate. The 
activation energies of permeation, as determined from the slope 
of a plot of log ( P )  uersus the reciprocal of the absolute tempera- 
ture illustrated in Fig. 2, were 12.88, 19.46, and 21.44 kcal./mole 
for methyl p-aminobenzoate, ethyl p-hydroxybenzoate, and methyl 
p-hydroxybenzoate, respectively. There is an inverse relation- 
ship between the permeability constant and the energy of activation 
for permeation. The linear increase in permeability with increasing 
temperature, up to a", suggests that the permeability characteris- 
tics of the polymer film were not altered significantly over the tem- 
perature range studied. 


Effect of Solvent-Two compounds having very low water 
solubilities were studied in various water-ethanol solutions. 
Permeability constants were evaluated from studies of n-propyl 
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Figure 2-Arrhenius plots of the logarithm of the permeability con- 
stant versus the reciprocal of the absch.de temperature for 0.1 % 
(w/v) solutions. Key: @, methyl p-aminobenzoate; A, methyl p- 
hydroxybenzoaie; and m, ethyl p-hydroxybenzoate. 


p-hydroxybenzoate in ethanol solutions ranging in concentration 
from 2 to 20z (v/v); the isobutyl p-aminobenzoate in ethanol 
solutions ranged in concentration from 20 to 50z (v/v). Figures 
3 and 4 illustrate the relationship between the permeability con- 
stant and the concentration of ethanol present in the system. 


Garrett and Chemburkar (6 )  reported that the permeation rate 
of p-aminopropiophenone through a silastic membrane decreased 
with an increasing ethanol concentration in the permeation solu- 
tion, but it was independent of the ethanol concentration in 
the desorbing solutions. In the present study, the observed decrease 
in the permeation rate of the solutes through the polyethylene film, 
with an increasing ethanol concentration, can be explained on the 
basis of changes in the solvent-membrane partition coefficient. 
The increased solubility of the compounds in the solvent, with an 
increasing ethanol concentration, relative to a constant solubility 
in the membrane slowed the permeation of the compounds. 
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Figure 3-Injluence of the ethanol concenfration on the permeation 
of 0.1 % ( w / o )  n-propyl p-hydroxybenzoate at 50". 
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Figure 4-Influence of the ethanol conceniraiion on the permeaiion 
ofO.l% ( w / u )  isobutyl p-aminobenzoate at 60". 


Effect of pH-If the permeation rate (R) of a weak acid depends 
on both the concentration of the ionized species ( A - )  and the con- 
centration of the unionized species (HA)  in the permeation solution, 
then: 


R = k ( H A )  + k'(A-) (Eq. 1) 


where k and k' are the rate constants for the permeation of un- 
ionized and ionized species, respectively. By expressing the con- 
centrations of the unionized and ionized species in terms of total 
concentration (HAl )  and the fraction unionized (.f), where (f) = 
(HA)/(HAt), Eq. 2 may be readily obtained: 


(Eq. 2) R = f [ k ( f f A t )  - k'(HAc)] f k'(HAr) 


The fraction of benzoic acid that was unionized at each pH was 
calculated from its pKa value of 4.2, which is applicable to the 
experimental studies conducted at 50" (7, 8). A plot of benzoic acid 
permeation rate ( R )  versus fraction unionized (f), with ( H A t )  held 
constant, resulted in a linear relationship (Fig. 5 )  in accordance 
with Eq. 2. The ordinate intercept was zero, indicating negligible 
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Figure 5-Effect of the degree of ionization, at various p H s ,  on the 
permeation rare of 0.1 ( w / u )  benzoic acid at 50". 
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Figure b E f f e c i  of the degree of ionization, ar various p H s ,  on the 
permeation rate of 0.1 (w/o)  aniline at 50". 


permeation of the anionic species. Benzoic acid could not be con- 
veniently studied above pH 5.0 because of very slow permeation. 
The permeation rate at pH 5.0 is somewhat less than predicted from 
a consideration of the fraction unionized only. Pinskey (9) showed 
that benzoic acid dirners permeate faster than the monomers. 
Therefore, the observed permeation rate may reflect a decrease in 
the formation of dimers with increasing pH and ionization. 


Equation 2 should also be applicable to the permeation of a weak 
base such as aniline, with (,f) = (B)/(Bt)  and substitution of (EL) for 
( H A , ) ,  where (B,)  = ( B )  + (BH+).  The fraction unionized at each 
pH was calculated from the pKa value of 4.25, which had been cor- 
rected to the 50" experimental conditions (7). A plot of aniline 
permeation rate ( R )  uersus fraction unionized (f), with ( B J  held con- 
stant, is given in Fig. 6. It can be seen that there is an unexplained 
deviation from the linear relationship expected from a consideration 
of Eq. 2, as the compound approaches a totally unionized state, but 
the data indicate that the permeation rate is highly dependent on 
the concentration of the unionized species. 


Effect of Pretreatment of Polyethylene IUm-All compounds 
under study yielded linear permeation curves after steady-state per- 
meation was achieved. The permeability constant was determined 
from the least-squares analysis of the slope of this portion of the 
plot. Unexpectedly, however, the majority of the studies yielded 
data that were concave rather than convex toward the time axis 
during the initial portion of the permeation curve. This resulted in an 
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Figure 7-In~4uence of poIyethylenefilm pretrearment on the permea- 
tion of 0.1 ( w / u )  ethyl p-hydroxybeitzoaie at 50'. 


1778 Journal of Pharmaceutical Sciences 







Table HI-Effect of Film Treatment 


Permeation Rate, 
-mg./hr. -- 


Satu- 
Normal rated 


Compound Film Film 


Ethyl 0.251 0.240 


Methyl 0.112 0.084 


Ethyl 0.031 0.028 


p-aminobenzoate 


p-aminobenzoate 


p -  hydroxybenzoate 


~~ 


Permeability 
Constant, 


-cm.Z/sec. X 108- 
Satu- 


Normal rated 
Film Film 


2.06 1.81 


0.920 0.690 


0.256 0.225 


apparent positive intercept on the Y-axis upon extrapolation of the 
steady-state portion of the curve (Fig. 7). A similar observation 
was previously noted in the study of several substituted anilines 
(I) .  Since these results suggested an initial permeation rate which 
was greater than the rate observed during steady state, studies 
were initiated to determine if this phenomenon was related to the 
initial entry of the permeant species into polyethylene film and sub- 
sequent alteration of the permeation characteristics of the polymer. 
Representative data are illustrated in Fig. 7 for the permeation of 
ethyl p-hydroxybenzoate through a film treated in the routine man- 
ner. This same section of film was then reemployed in a subsequent 
study under identical conditions. One possible explanation for the 
observed results is an alteration in the permeation characteristics 
of the film as the solute continued to permeate the film. The data 
(Fig. 7) suggest that the initial relatively rapid permeation rate de- 
creased with time as the film became saturated with the solute. 
This may be due to a rearrangement of the polymer molecules 
prior to steady state or to a blocking of permeation routes within 
the polymer due to interaction of the solute with the polymer. 
Table 111 summarizes the results of these studies, including those 
conducted with methyl and ethylp-aminobenzoates. As can be seen, 
there was a decrease in the steady-state permeation rate and the 
permeability constant for each compound when the saturated 
film was employed. This is in contrast t o  the observation of Flynn 
and Smith (10) who reported increased permeability rates for p- 
aminoacetophenone when dimethylpolysiloxane films were reused 
in their diffusion system. 


1 I I I I I 
0.2 0.4 0.6 


HEXANE-WATER PARTITION COEFFICIENT 


Figure 8-Rrlationsliip between the appareni actiuatiori energy for 
permcwioii and rke hexane-water partition coeficienr .for 0.1 % (w/u) 
solirtioiu uf 50". Key:  0, meiliyl p-liyiiroroxyhenzoatr; H, ethyl p- 
hydroxybeiizoate; and A, methyl p-aminoberizoate. 


Table IV-Experimental Constants Evaluated from 
Permeation and Partitioning Studies (50 =t 0.2") 


~ ~ ~~ 


Hexane- 
Permeability Water 
Constant x Partition 


Chemical lo8 cm.*/sec. Coefficient 


Benzoic Acids and Benzoates 
p-Hydroxybenzoic acid 0.00156 


0,00330 p-Aminobenzoic acid 
Methyl p-hydroxybenzoate 0.126 
Ethyl p-hydroxybenzoate 0.256 
Methyl p-aminobenzoate 0,920 
Benzoic acid 1 .0@ 
Propyl p-hydroxybenzoate 1 . 60d 
Ethyl p-aminobenzoate 2.06 
Isobutyl p-aminobenzoate 5.2Y 


p-Hydroxy benzalde h yde 0.0370 
p-Nitrobenzaldeh yde 6.20 
Benzaldehyde 27. 7h 


p-Chlorobenzaldehyde 117 


p-Aminoacetophenone 0.940 
p-Nitroacetophenone 7.80 
p- Methoxyacetop henone 10.6 
Acetophenone 30.3* 
p-Methylacetophenone 62.3* 


p-Nitroaniline 0.470 
p- Anisidine 1.60 
Aniline 2.60 


Phenol 0.640 
p-Bromophenol 2.33 


Benzaldehy des 


p- Methylbenzaldehyde 55.36 


Acetophenones 


Anilines 


Phenols 


-a 


-a 


0.118 
0.310 
0.600 
0 .720~  
0.800 
0.900 


13.7 


0.111 
2.66 


12.5 
28.7 
40.0 


0.232 
5.32 
8.60 


14.0 
45.0 


0.240 
0.746 
0.953 


0.200 
0.818 


Partition coefficients were too low to be determined accurately. 
*Values taken from the work of Gonzales ef al. (1 1). Values taken 
from the work of Polack et al. (12). Value determined by extrapola- 
tion to 0% ethanol (Fig. 3). 8 Value determined at 60" i n  20% ethanol. 


One additional approach was also undertaken to determine if 
perhaps the exposure of the film to  the solvent for a prolonged 
period contributed to  an  alteration of the permeation characteris- 
tics of the polymer. The permeation of methyl p-aminobenzoate 
was studied with a film that had been soaked in distilled water a t  
50 f 0.2" for 48 hr. The steady-state permeation rate and perme- 
ability constant obtained in this study approached the results pre- 
viously obtained with this solute using saturated film (Table 111). 
Theobserved permeation rate was 0.101 mg./hr. and the permeability 
constant was 0.830 X lo-* cm.2/sec. These data suggest that some 
change in the permeation characteristics of the polymer occurred 
with time. However, the particular film section was not the same 
as the one employed in the routine and saturated studies. Therefore, 
the data may not be strictly comparable between the three studies. 


Influence of Structure and Partition Coefficient on Permeation - 
One objective of this investigation was to determine if the rela- 
tionships observed in the previous study ( I )  between the perme- 
ation of a series of substituted anilines and their physicochemical 
properties could be extended to various other chemical classes. 
Prior to the onset of diffusion layer control, it may be anticipated 


Table V-Regression Analysis Data 


Series ap B" P P, EVd 
~~ ~~ 


Benzoic acid and 1.3699 -7.7245 0 9736 99 8 0.9350 
benzoates 


Benzaldehydes 1 ,3299 -8,041 8 0.9928 99.9 0.9809 
Acetophenones 0.7988 -7,5777 0.9844 99.5 0.9587 
All 21 compounds 1.0621 -7.7602 0.9683 99.9 0.9343 


~ ~~ ~ 


01 and (3 are constants given in Eq. 3. * The multiple correlation co- 
efficient. The level of significance for the F test of the regression ma!- 
ysls. Explained variance, the fraction of the experimental data vari- 
ance that is explained by the regression equation. 
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Figure 9-Correlation of permeability constants with hexane-water 
partition coeflcients. Key: 0, benzoic acids and benzoates; @, benzal- 
dehydes; 0, acetophenones; and m, anilines andphenols. 


that the permeation of various solutes through a homogeneous 
membrane such as polyethylene could be related to the relative 
affinity of the solute for the solvent phase in which it is located 
and the membrane phase through which it is permeating. Hexane- 
water was selected as the model partitioning system because poly- 
ethylene is considered to be a relatively nonpolar polymer. 


Table IV summarizes the data obtained in the present study and 
reveals a good rank-order relationship within several chemical 
classes between the permeability constant ( P )  and the hexane-water 
partition coefficient (PC) of the solutes. It is apparent that the less 
polar a compound is, the more rapid will be its permeation through 
the polyethylene film. Figure 8 shows the relationship between the 
permeation activation energies determined from Fig. 2 and the 
respective hexane-water partition coefficients for the three com- 
pounds. 


It is apparent that introduction of certain functional groups on 
the parent molecule will alter the permeation of the parent com- 
pound in accordance with relationships that are well known for the 
effects of various substituents on the polarity of a compound. For 
example, p-hydroxybenzoic acid, with two polar groups, is con- 
siderably less lipid soluble and slower permeating than benzoic 
acid. As the relatively polar p-hydroxy substituted acid is esterified, 
the permeability of the compound continues to increase in the order: 
propyl > ethyl > methyl. Furthermore, compounds with an amino 
group, which is less polar than the hydroxyl group, exhibit a greater 
permeability than the corresponding p-hydroxy substituted species. 
Within the benzaldehyde and acetophenone series, the introduction 
of polar hydroxy, nitro, amino, or methoxy groups decreases the 
permeability of the parent compounds, and the relatively nonpolar 
methyl and chloro derivatives exhibit increased permeability. 


The apparent correlation evident in Table IV between the perme- 
ability constant ( P )  and the partition coefficient (PC) suggested that 
an empirical relationship might be obtained to quantitate the data 
and facilitate the prediction of the permeability of a compound from 
its hexane-water partition coefficient. A regression analysis of the 
data in Table IV was undertaken based on Eq. 3: 


log (PI = log (PO + 0 (Eq. 3) 
where IY and 0 are empirical coefficients representing the slope and 
Y intercept, respectively, of a plot of log (P) versus log (PC). The 


data were analyzed in terms of the three groups of compounds with 
related structures, i.e., the benzoic acids and benzoates, the benzal- 
dehydes, and the acetophenones. In addition, 21 of the compounds 
listed in Table IV were grouped together for analysis. For the re- 
gression calculations, p-hydroxy- and p-aminobenzoic acids were 
not considered because of the lack of an. accurate partition coef- 
ficient. Isobutyl paminobenzoate was also omitted since the 
permeability constant for this compound was determined at 60” in 
20% ethanol. The empirical coefficients for Eq. 3 were computed 
using a computer3. The statistical analysis of the data included the 
multiple correlation coefficient (r) of the regression, the F test, and 
the “explained variance” or the fraction of the data variance at- 
tributed to the regression equation. 


Table V summarizes the results of the regression analysis. The 
parameters for each of the three individual groups, as well as the 
entire group of compounds, were well correlated using Eq. 3. In 
Fig. 9, the data for the entire group of compounds are plotted in 
accordance with Eq. 3. The line given in the figure was obtained 
from the regression equation using the coefficients given in Table 
V for all 21 compounds. 


The results of this analysis suggest that the permeation of these 
and related compounds, with partition coefficients ranging from 
less than 0.1 to 45, could be estimated under similar experimental 
conditions from their hexane-water partition coefficients. 
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E R R A T A  


In the article titled “Characteristics of a Highly Purified Pyro- 
genic Lipopolysaccharide” (l), the following corrections should 
be made: 


On page 1579, Fig. 1, the designation “(Log Scale)” along the 
x-axis should be deleted. 


On page 1580, column 1, line 18, the phrase “with the intercept 
at 0.55”” should be deleted. 


(1) G. B. Castor, N. Kantor, E. Knoll, J. Blakely, J. K. Nielsen, 
J.  0. Randolph, and A. Kirshbaum, J.  Pharm. Sci., 60,1578(1971). 


SH 
I 


IVO 


(1) A. De Leenheer, J. E. Sinsheimer, and J. H. Burckhalter, 
J.  Pharm. Sci., 61,273(1972). 


In the article titled “Molecular Interactions and Solubility of 
Polar Nonelectrolytes in Nonpolar Solvents” (l), the following 
corrections should be made: 


On page 1785, the last two column headings in Table VI should 
read: 


In the article titled “Methotrimeprazine and Its Sulfoxide and 
Desmethyl Metabolites in Urine of Psychiatric Patients” ( I ) ,  the 
following correction should be made: t‘”” (;)oba, - log ( ? Y h . }  


(1) H.-L. Fung and T. Higuchi, J. Pharm. Sci., 60,1782(1971). 


On page 91 5 ,  column 2, Eq. 2 should read: 
Phthalic Salicylic i = n  


i = l  
Anhydride Acid = kJti 


(1 )  A. De Leenheer and A. Heyndrickx, J .  Phcmt. Sci., 61, 
914( 1972). 


In the article titled “Elimination of Choline Interference in 
Microbiological Assay of Inositol in Pharmaceutical Products” 
(l) ,  the following correction should be made: 


On page 1857, column 1, the 26th line should read “diluted to 
500 ml.” instead of “diluted 1 :500.” 


(1) L. Walenrod and R. Levinton, J .  Plzarm. Sci., 60,1856(1971). 


In the article titled “Photochemical Cyclization of N-Butyl-N’- 
(9-acridiny1)thiourea” (l), the following corrections should be 
made: 


On page 274, Structures IIIa and IVa should not have hydrogens 
on the nitrogens at the 9-acridine positions. The structures should 
appear as shown here: 


H 
N-CH2CHLCH2CH 
I 
n 


TIIU 


In the article titled “Substituted 3,4,5-Trimethoxybenzamides: 
Correlation between Inhibition of Pyruvic Acid Oxidation and 
Anticonvulsant Activity” (l), the following correction should be 
made: 


On page 1159, Table 11, footnote b should be added in regard to 
Compound XVI as follows: 


b Previously synthesized and reported by H. Luts, J .  Pharni. Sci., 
60,1409(1971). 


(1) A. K. Chaturvedi, A. Chaudhari, and S .  S .  Parmar, J .  Ph~rnt. 
Sci., 61,1157(1972). 


In the article titled “Peyote and Related Alkaloids XIV: Mescal- 
oxylic Acid and Mescaloruvic Acid, the Novel Amino Acid Analogs 
of Mescaline” (l), the following corrections should be made: 


On page 1172, column 1, lines 19 and 20 should read: “such C-1 
carboxytetrahydroisoquinolines could” instead of “the C-1 carboxy- 
tetrahydroisoquinolines V and VI could.” 


On page 1172, column 2, the 29th line should read “mono-0- 
demethyl” instead of “0-methyl.” 


(1) G .  J. Kapadia, M. H. Hussain, and G. S. Rao,J. Pharm. Sci., 
61,1172(1972). 


Vol. 61, No. 12, December 1972 0 2013 








Examination of Molecular Associations via Thin-Layer 
Electrophoresis 11: Interactions of Amphetamine 
Isomers with Optically Active and Racemic Acids 


NICOLAS H. CHOULIS 


Abstract 0 The different degree of migration of d- and I-amphet- 
amine isomers on alumina, cellulose, and silica gel layers, in the 
presence of optically active and racemic mandelic and tartaric acids 
and the inactive salicylic acid, was examined using thin-layer 
electrophoresis. The observed differences were interpreted in terms 
of molecular associations. 


Keyphrases 0 Amphetamine isomers-interactions with optically 
active and racemic mandelic and tartaric acids, thin-layer electro- 
phoresis, molecular associations c] Molecular associations-inter- 
actions of amphetamine isomers with optically active and racemic 
mandelic and tartaric acids, thin-layer electrophoresis 0 Electro- 
phoresis, thin layer-interactions of amphetamine isomers with 
optically active and racemic mandelic and tartaric acids and in- 
active salicylic acid, molecular associations 


A number of chromatographic methods have been 
used successfully for the resolution of racemic com- 
pounds. In 1951, Kotake et al. (1) first reported resolu- 
tion of some racemic amino acids using paper chroma- 
tography. In 1952, Curti and Colombo (2) succeeded in 
the resolution of racemic compounds by modifying 
the surface of inactive adsorbents, such as a silica gel 
column, by treatment with an active compound, namely 
(+)-camphorsulfonic acid. Dalgliesh (3, 4) also re- 
solved a number of amino acids on cellulose paper. The 
different degree of adsorption of the isomers on the 
flat cellulose area was thought to be the principal 
reason leading to  the resolution. When L-isomers were 


Table I-Distances Traveled by d- and /-Amphetamine Isomers 
(in Centimeters) on Cellulose, Alumina, and Silica Gel Plates in the 
Presence of Optically Active and Racemic Mandelic and Tartaric 
Acids and Inactive Salicylic Acid 


-Amines- 


Amphet- d-Amphet- Current, 
Acids pH amine amine mamp. 


/- 


d-Mandelic 
/-Mandelic 
dl-Mandelic 
d-Tartaric 
/-Tartaric 
dl-Tart aric 
Salicylic 


d-Mandelic 
I-Mandelic 
dl-Mandelic 


d-Mandelic 
I-Mandelic 
dl-Mandelic 


Cellulose Layer 
2 . 6  6 . 3  7 . 2  1 . 5  
2.6 7 . 2  6 . 3  1 . 5  


6 .2  4 . 0  
2 . 3  1 . 4  7 . 4  4 . 0  
2.7 7 . 0  7 . 0  4 .0  


2 . 6  6 . 5  6 . 5  11 .o 
2 . 6  6 . 5  6 . 5  11 .o 
2.6 6 . 5  6 .5  11.0 
Silica Gel Layer 


Alumina Layer 


2 . 6  5 . 0  5.0 11 .o 
2 .6  5 .0  5 .0  11.0 
2 . 6  5.0 5.0 11 .o 


faster moving, stronger adsorption forces operated on 
the D-isomers and vice versa. 


The solvent effect has also been discussed, but evi- 
dence showed that the resolution is independent of the 
optical character of the solvent, since inactive solvents 
also give resolution of the amino acids (1, 5) .  Sakan 
et al. (6) suggested that studies of the effect of paper 
rather than the solvent system should be made, and 
Fujisawa (7) later found that resolution is due to the 
asymmetric adsorption on cellulose. 


Studies of the molecular associations of optically 
active isomers, when in solution or in solid phase or in a 
solution-solid system, have been successfully conducted 
using IR, melting-point, X-ray crystallography, con- 
ductimetry, and paper and thin-layer chromatographic 
techniques (8-1 1). 


The purpose of the present investigation is to estab- 
lish a molecular association pattern using thin-layer 
electrophoresis. 


EXPERIMENTAL 


Materials-The following were used: d-mandelic acid', m.p. 
133.5' [lit. (12) m.p. 133.8"] and specific rotation +156" [lit. (12) 
$156" in water]; I-mandelic acid', m.p. 132.5" [lit. (12) m.p. 
132.8'1 and specific rotation -156.2' [lit. (12) -156.2" in water]; 
and dl-mandelic acid2, m.p. 120.2" [lit. (12) m.p. 120.5"]. Mandelic 
acids were recrystallized from ethyl alcohol, filtered through sin- 
tered-glass funnels, and dried before melting points and optical 
rotations were taken. The tartaric acids used were: d-tartaric acid3, 
m.p. 169.5" [lit. (13) m.p. 168-170"] and specific rotation +12" 
[lit. (13) +12" in water]; /-tartaric acids, m.p. 169.5" [lit. (13) m.p. 
168-170"] and specific rotation - 12" [lit. (13) -12" in water]; and 
d/-tartaric acid3, m.p. 206" [lit. ( I  3) m.p. 206"l. Tartaric acids were re- 
crystallized from absolute alcohol, filtered, and dried in a desic- 
cator before melting points and optical rotations were taken. Also 
used were: salicylic acid U P 4 ,  m.p. 210" [lit. (13) m.p. about 211 "I; 
d-amphetamine, p ~ r i s s . ~ ,  b.p. 204" [lit. (12) b.p. 203-204"] and 11: 
= 1.517 [lit. (12) 1.5171; and /-amphetamine, puriss.3, b.p. 204" 
[lit. (4) b.p. 203-204"] and n: = 1.5172 [lit. (12) 1.5171. 


Apparatus-A thin-layer electrophoresis cell5 with 500-v. power 
supply unit was used. 


Plates-Precoated alumina, cellulose, and silica gel plates6 (20 
X 10 cm.), 250-nm. thickness, were employed. 


General Procedure-Aqueous solutions of the various acids and 
alcoholic solutions of the amphetamines, at  exactly 0.1 M con- 
centrations, were prepared. The acid solutions were also used as 
buffers. The precoated plates were sprayed with acid buffer solu- 
tions and joined to  the cells by buffer-soaked wicks?. The d- and I -  
amphetamine samples were applied to  the plates, 3 cm. from the 
anode, and equilibrated with the buffer solvent for a few minutes; 


1 Eastman Organic Chemicals. 
* National Biochemical Co. 
3 Aldrich. . ~ . .  ~ ~ . ~ . .  
4 Fisher. 
6 Camag Chemie A. G. 
6 Analtech, Inc. 
7 MN-paper for electrophoresis, Macherey, Nagel and Co. 
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then the system was switched on and adjusted to 350 v. To eliminate 
any temperature increase during the experiment, water for cooling 
was circulated through the system. After 75 min. the plates were re- 
moved, air dried, and developed in iodine fumes. The distances 
traveled by the spots were measured and recorded. 


RESULTS AND DISCUSSION 


The different rates of migration observed between d- and I -  
amphetamine isomers using optically active and racemic mandelic 
and tartaric acids. and the optically inactive salicylic acid as buffer 
solvents on alumina, cellulose, and silica gel plates, are depicted in 
Table I. The pH values of the acids, as well as the current (in milli- 
amperes), are also indicated. The experimental field strength was 
17.5 v./cm. (350 v. for 20 cm.). 


The results indicate that two optically active isomers of the amine 
moved differently on cellulose layers when the optically active 
isomers of the acids were used as buffers. Specifically, the isomers 
possessing the opposite sign of rotation to that of the acid used as 
the supporting phase were always slower than the ones with the 
same sign of rotation. When the racemic acids were employed as 
buffers, both amine isomers migrated equal distances; a similar 
result was obtained when a nonoptically active acid (namely, 
salicylic) was used. 


The results using thin layers of silica gel and the same buffer 
system were different from that of the cellulose thin layer in that 
both amine isomers traveled the same distance. When using a thin 
layer of alumina, the amine spots wereagain unaffected by thepres- 
ence of the optically active acids. 


In an electric field, the rate of migration of an ion is the sum of the 
electric potential and a number of other resisting forces. The direc- 
tion of migration also depends on the charges. The amphetamines, 
possessing an amino group, are protonated at the low pH of the 
experiment, and they move toward the cathode. It is during this 
movement that a number of resisting forces would be encountered. 
Adsorption, for example, should not affect the solute ions in an 
ideal stabilizing medium. In actuality, however, adsorption should 
affect the separation of different types of ions in a solution by se- 
lectivity, and this kind of separation may be impossible in the absence 
of these adsorptive forces. However, plain adsorptivity is not the 
case here, since d- and /-amphetamine ions are similar, differing 
only in the sign of rotation. 


On the other hand, if only adsorption was influencing the migra- 
tion, the results could have been reproduced when alumina or silica 
gel plates were employed. 


With regard to the difference in migratory power between d- and 
/-isomers of the amine, in the presence of optically active acids, it is 
indicated that an association of the acid and base is present and that 
this association involves interaction of the hydrocarbon moieties as 
well as electrostatic attraction of the cationic and anionic heads of 
the molecules involved (8-11). The results indicate that a d-amine 
isomer moves slower on an I-acid buffer-buffered support phase 
than the I-amine isomer. Similarly, l-amine travels slower on d- 
acid than d-amine on d-acid. The association, therefore, of d/f-dia- 
stereoisomer is stronger than that of I//-diastereoisomer (similarly 
for / /d-  and d/d-diastereoisomers) and, in fact, this follows the 
pattern of racemic resolution. This stronger association of oppositely 
charged diastereoisomers will be the retaining factor during the 
movement of the ions, compared to the weaker associated dia- 
stereoisomers, when cellulose layers are used. 


When racemic acids replaced the optically active acids, no selec- 
tive preference of the amine isomer toward the support phase could 
be found; both isomers migrated an equal distance. A similar result 
was found when the optically inactive salicylic acid was used. 


The absence of preferential migration between d- and /-isomers 
on alumina and silica gel plates, as compared to cellulose plates, 
can be looked upon as the result of the effect of the carboxyl 


groups present in prepared cellulose. The importance of the car- 
boxyl groups (present in cellulose) also appeared in earlier studies of 
some racemic amino acids (8). Since racemic mixtures of certain a- 
amino acids were resolved on cellulose thin layers, using a non- 
asymmetric solvent system, asymmetric adsorption forces in cellu- 
lose must be involved. The carboxyl groups present in cellulose 
were found to be implicated, since treatment of the layers with 
diazomethane (and, therefore, methylation of the carboxyl groups) 
suppressed resolution of the racemic amino acids. Different as- 
sociation of the isomers with the cellulose surface (probably with 
the carboxyl groups) during the development of the electrophero- 
grams was one of the main factors leading to the different migration. 
The difference in association between the isomers and cellulose 
surface can be concluded from the observed difference in migration 
of the two isomers on cellulose. Slower migration indicates stronger 
interaction between the isomers and the cellulose. However, the 
involvement of the carboxyl group can only be supplementary to the 
effect of the optical activity of the acids used as support phases, 
since the nonoptically active salicylic acid did not produce any 
preferential difference in the migration of the amine isomers even on 
cellulose. 


The reported differences in traveling distance between the isomers 
(Table I), 0.7-0.9 cm., can be considered sufficient for establishing 
the explanation for the observed association phenomena if one 
considers that according to theory (14), two samples of an initial 
diameter (at the point of application) of 0.5 cm. and with relative 
mobilities differing by 1 %  will require approximately 100 cm. 
migration to produce a separation of only 0.5 cm. According to 
this reference. therefore, the observed molecular association pro- 
duces a 20% difference in mobility between d- and Lamphetarnine, 
which indicates a rather strong molecular association. 


This study of interaction of asynimetric molecules with asym- 
metric groups at a surface becomes important because of the po- 
tential implications in the design of models of drug-receptor inter- 
actions. Moreover, the wide use of thin-layer electrophoresis over 
other methods for the examination of biological products will 
facilitate these studies. 
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Pharmacokinetics of Highly Ionized Drugs 11: 
Methylene Blue-Absorption, Metabolism, and Excretion in 
Man and Dog after Oral Administration 


ANTHONY R. DiSANTO* and JOHN G. WAGNER. 


Abstract 0 Methylene blue was administered orally to seven normal 
human subjects at a dose of 10 mg. in capsule form. Total urinary 
recovery ranged from 53 to 97% of the dose, with an average of 
74z.  Of the material recovered, an average of 78% was excreted as 
leucomethylene blue (stabilized in some salt, complex, or combina- 
tion form) and the remainder as methylene blue. Some excretion 
rate-time plots of both methylene blue and leucomethylene blue 
showed evidence of a circadian rhythm. In a male dog and a female 
dog, administered 15 mg./kg. methylene blue orally, no drug was 
detected in blood. The female dog was catheterized and urine was 
collected for 10 hr. postdosing; recovery was 2.4% of the dose. 
The female dog was also administered a 10-mg. dose of methylene 
blue orally, and urine was collected by catheter over 14 hr. Recovery 
was 3.8 % of the dose. It was concluded that methylene blue is well 
absorbed in man and poorly absorbed in the dog after oral ad- 
ministration. 


Keyphrases Pharmacokinetics of highly ionized drugs-species- 
dependent absorption, metabolism, and excretion of methylene 
blue, man, dog 0 Methylene blue-species-dependent absorption, 
metabolism, and excretion after oral administration, man, dog 0 
Absorption, species dependent-methylene blue after oral ad- 
ministration, man, dog 


The pH-partition hypothesis of Shore et al. (1) sug- 
gests that highly ionized drugs are either poorly ab- 
sorbed or not absorbed at  all. The pKa of methylene 
blue’ is about 0 to - 1; hence, this drug is completely 
ionized in the GI pH range of 1-8. Our studies show that 
methylene blue is well absorbed in man and poorly ab- 
sorbed in the dog after oral administration. To our 
knowledge, this is the first reported case in which a drug, 
well absorbed in man, is apparently very poorly ab- 
sorbed in the dog. The potential error in screening new 
orally administered drugs and/or determining the effect 
of various variables (e.g., drug excipients and surfac- 
tants) on absorption in the dog and then predicting 
results in man from the dog results is obvious. 


EXPERIMENTAL 


Human Studies-Seven adult male volunteers, with no known 
diseases, weighing between 54.5 and 95.3 kg. (120 and 210 Ib.) and 
being between 21 and 40 years of age, were selected. Hand-filled 
hard gelatin capsules containing 10 mg. of methylene blue USP2 
were used. The night before administration of the drug, the subject 
fasted overnight and for 4 hr. postdosing on the treatment day. To 
ensure high urine flow rates and adequate urine collections, each 
subject ingested 240 ml. (8 fl. 02 . )  of water at - 2, - 1.5, - 1, -0.5, 
0, 1, 2, 3, and 4 hr., where 0 refers to the time of drug administra- 
tion. Just before dosing at 0 time, the bladder was emptied and the 
urine was saved. For six of the seven subjects, urine was quantita- 
tively collected in polyethylene bottles in the intervals (M.5, 0.5- 
1,)-2,2-3,3-4,4-6,6-9,9-24,24-33, 33-48,48-51, 57-72,72-81, 


81-96, 96-105, and 105-120 hr. All partial urine collections were 
refrigerated. In one subject (Subject 7) a more extensive sampling 
schedule was used: &0.5,0.5-1,1-1.5, 1.5-2, 2-2.5, 2.5-3, 3-4,4-6, 
6-8, and then at various intervals ad libitum (i .e. ,  there were no 
partial urine collections). Samples from all subjects were either as- 
sayed or frozen immediately as they were received. 


Dog Studies-Two dogs were used in the studies, a male beagle 
dog and a female mongrel dog. The male beagle was administered 
15 mg./kg. (1 68 mg.) of methylene blue in a hard gelatin capsule, and 
blood samples were taken after insertion of an intravenous catheter 
in the right hind leg. Samples were taken at 0, 0.27, 0.50, 1.0, 2.0, 
4.0, and 6.9 hr. postadministration. Urine samples were not col- 
lected in this study. 


The female mongrel dog was fasted overnight, and a 15-mg./kg. 
(1 32-mg.)doseand a 10-mg. doseof methylene blue wereadministered 
(3 weeks apart) in a gelatin capsule. An intravenous catheter was 
inserted into the left hind leg, and 250 mg. of sodium pentobarbi- 
ta13 was administered. A catheter4 was inserted and the bladder 
emptied. An intravenous infusion of 5 7 5  dextrose was then started 
to ensure adequate hydration. From one-tenth to two-tenths of a 
milliliter of sodium pentobarbital (40 mg./ml.) was given periodically 
to maintain anesthesia. Urine samples were then collected and as- 
sayed immediately. In the case of the 15-mg./kg. dose of methy- 
lene blue administered to the female dog, urine samples were taken 
every hour for 10 hr. The samples taken at 11 and 12 hr. contained 
blood and were discarded. Sampling was then stopped. Sampling 
was stopped 14 hr. after the 10-mg. dose since the assay sensitivity 
was reached. Blood samples were taken at 2.5 and 3.5 hr. after ad- 
ministration. 


ASSAY 


Urines and bloods were assayed by the extraction-spectropho- 


The pH of each urine sample was also taken. 
tometric method of DiSanto and Wagner (2). 


RESULTS AND DISCUSSION 


Tables I and I1 give the results of the oral administration of 
methylene blue to man and show that an average of 74% (range 53- 
97 %) of the administered dose of methylene blue was recovered in 
the urine. These data clearly show that although methylene blue is 
completely ionized in the GI pH range, it is well absorbed in man. 
Interesting, however, is the fact that methylene blue was apparently 
very poorly absorbed in the dog after oral administration (Table 
111). Following the oral administration of a 132-mg. dose (15-mg./ 
kg.) and a 10-mg. dose of methylene blue (given 3 weeks apart) to 
the female dog, only 2.4 and 3.8% of the administered dose was 
recovered in urine, respectively. Blood samples taken at 2.5 and 
3.5 hr. after administration gave zero concentration values for 
methylene blue. The male dog, administered a 15-mg./kg. (168-mg.) 
dose of methylene blue orally, gave blood concentration values of 
methylene blue, 0-6.9 hr. after dosing, below the assay sensitivity of 
0.02 mg./ml., which also indicated rather poor absorption of methy- 
lene blue in the dog (Table IV). The reason($ for this difference in 
the absorption of methylene blue in the dog and man is not known 
and probably first requires a knowledge of how methylene blue is 
absorbed in man. This study will be undertaken in the near future. 


The color of the urine is not indicative of the amount of methylene 
blue absorbed, because most of the dye is excreted as leucomethylene 


See Appendix, 
2 Fisher Scientific. 
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3 Nembutal Sodium, Abbott Laboratories, Chicago, Ill. 
4 No. 16 Bard Foley. 







Table I 4 r a l  Administration of 10 mg. of Methylene Blue to Man (Subjects 1-6) 


Amount Excreted in Interval, mcg. 7 


I ,  hr., --Subject 1- -Subject 2- -Subject 3- -Subject 4- -Subject 5--. -Subject 6- 


0-0.5 0.295 6.53 1.83 27.4 0.712 3.10 0.406 1.39 0.410 5.51 4.10 0.630 
0.5-1 1.78 120. 15.1 459. 20.5 110. 4.94 74.7 15.0 166. 7.03 173. 


1-2 24.2 959. 56.8 931. 32.7 192. 62.6 733. 53.1 396. 7.29 681. 


Interval Free Leuco Free Leuco Free Leuco Free Leuco Free Leuco Free Leuco 


2-3 
3-4 
4-6 
6-9 
9-24 


24-33 


48-57 
57-72 
72-81 


33-48 


59.5 818. 71.9 588. 49.4 310. 117. 712. 42.2 295. 8.sO 506: 
41.1 615. 55.4 402. 26.2 297. 76.3 486. 36.3 224. 2.34 333. 
66.8 424. 132. 703. 94.7 600. 204. 560. 67.5 283. 12.1 415. 


109. 133. 69.5 628. 393. 294. 238. 243. 11.8 251. 63.1 764. 
781. 133. 590. 1372. 390. 881. 728. 1184. 253. 1476. 925.6 1374. 
21.9 116. 147. 638. 523. 291. 367. 431. 72.6 198. 121 4 224 _ _  


201.6 37.4 283. 687. 221. 376. 254. 436. 58.1 580. 74.8 337. 
51.7 30.0 33. 


113. 8.31 74.1 194. 15.3 29.2 153. 143. 108. 186. 24.1 38. 
7.82 40.1 72.2 368. 46.1 53.1 68.5 90.8 16.0 


5.31 13.1 49.7 141. 9.90 9.50 38.0 84.3 20.1 84.5 10.3 17.4 
81-96 26.7 2.89 18.1 31.2 10.4 1.89 63.3 56.9 37.8 177. 18.1 35.5 
96-105 1.38 3.61 5.94 19.3 2.82 7.46 31.8 14.8 12.3 112. 8.38 23.0 


105-120 8.68 1.89 8.09 25.5 4.00 9.80 26.4 18.4 31.6 101. 8.17 19.6 
Total amount 1470. 8206. 1651. 7212. 1840. 3465. 2436. 5267. 836. 4585. 1326. 4971. 
Percent dose 96.8 88.6 53.0 77.0 54.2 63.0 


recovered in urine 


blue, stabilized in some salt, complex, or combination form. Of the 
dye recovered in the urine of man, an average of 78% (range 65- 
85 %) was excreted as stabilized leucomethylene blue. 


Figures l a  and 2a show the semilogarithmic excretion rate-time 
plots of methylene blue and stabilized leucomethylene blue for Sub- 
ject 1 and give evidence of a circadian rhythm characterized by un- 
changed methylene blue being excreted more rapidly during the 
nighttime than daytime, with the converse for stabilized leuco- 
methylene blue. This diurnal cycling in the excretion rates could 
be detected in four of the seven human subjects administered methy- 
lene blue. There was no observable relationship between excretion 


Table &-Oral Administration of 10 mg. of Methylene Blue 
to Man (Subject 7) 


f, hr., Interval 


Amount Excreted in Interval, 
-mcg.-- 
Free Leuco 


0-0.5 
0.5-1 


1-1.5 
1 .5-2 


2-2.5 
2.5-3 


3-4 
4-5 
5-6 
6-8 
8-9.25 


9.25-12 
12-21.5 


21.5-24 
24-29 
29-36 
36-45 
45-46 
46-51.66 


51.66-54.25 
54.25-57 


57-60.25 
60.25-63.75 
63.75-69.33 
69.33-72 


72-76.5 
76.5-84 


84-93 
93-104 


104-108.5 
108.5-110.33 


110.33-117.75 


26.1 220. 
64.9 222. 
47.0 334. 


107. 619. 
58.0 463. 


159. 725. 
54.1 482. 
13.0 663. 


274. 982. 
34.4 201. 


120. 227. 
126. 312. 
60.1 337. 
5.00 20.3 


49.6 144. 
17.14 51.9 
7.55 56.2 


10 .3  90.9 . ~ .~ 


3.85 47.2 
15.6 60.7 
6.00 30.0 
9.80 28.0 


16.1 25.0 


0.544 9.91 
Total amount 1353. 7365. 
Percent dose recovered 87.2 


in urine 


rate and urine pH in any subject. The exact reason for this apparent 
rhythmic variation in the excretion rates of methylene blue and sta- 
bilized leucomethylene blue is not known. Rhythmic variations of 
this nature have usually been ascribed to metabolic processes. How- 
ever, where a circadian rhythm in metabolism has been reported, it 
usually only occurred with an oxidative process of metabolism (3,4) 
and it appears unlikely that the diurnal cycling in the excretion rates 
of methylene blue and stabilized leucomethylene blue is due to its 
reductive metabolism. It is quite feasible that the compound stabiliz- 
ing leucomethylene blue is a metabolic by-product, which possesses 
a circadian rhythm such that its rate of metabolism is greater during 
the day than night. 


Levy (5) noted a pronounced difference in the values for the rate 
of metabolism for benzylpenicillin during the ambulatory state and 
during bed rest, with the rate of metabolism being greater during 
the ambulatory state. He stated that this difference in the values 
for rate of metabolism “is probably only an apparent one which is 
not necessarily indicative of an intrinsically impaired capacity for 
drug biotransformation during bed rest,” since: “Pharmacokinetic 
models in current use do not provide for variations in plasma 
volume, variable blood flow rates through organs, and other region- 
or organ-specific circulatory changes” which occur during bed 
rest. It is reasonable, therefore, to propose that the hypothesized 


Table III-Oral Administration of Methylene Blue 
to the Female Dog 


lS-mg./kg. Dose (132 mg.), 10-mg. Dose, 
Cumulative Amount Cumulative Amount 


1, hr., -Excreted, mcg.- --Excreted, mcg.-- 
Interval Unchanged Leuco IJnchanged Leuco 


0-1 0.410 0.820 0.002 0.330 
1-2 3.54 1.03 0.016 1.33 
2-3 15.5 86.9 0.206 9.79 
3 4  25.0 421. 
4-5 32.1 816. ._ - 
5-6 41.3 i i52.  
6-7 66.2 1782. 
7-8 94.6 2450. 
8-9 135.0 2784. 
9-10 190. 3101, 


- - 
- - 10-1 1 


11-12 
12-13 
13-14 


- - 
- - 


Recovery, percent of dose: 
Total 2.4 
As leucomethy- 2.3 


As unchanged 0.1 
lene blue 


methylene blue 


1.07 30.3 
2.57 63.6 
3.53 108. 
6.05 159. 
9.35 198. 


12.0 242. 
14.9 288. 
18.0 314. 
19.7 343. 
20.1 353. 
26.3 363. 


3.8 
3.6 


0 .2  
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Figure 1-(a) Plot of the logarithm of the excretion rate of unchanged methylene blue versus the midpoint excretion interual for Subject 1. Key: 
8, day; and 0, night. (b) Plot of the logarithm of the excretion rate of unchanged methylene blue versus the midpoint excretion interval for Sub- 
ject 1 when day and night samples were pooled. 
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Figure 2-(a) Plot of the logarithm of the excretion rate of stabilized leucornethylene blue versus the midpoint excretion ititerual.for Subject 1. 
Key: 8, day: and 0, night. (b) Plot of the logarithm of the excretion rate of stabilized leucornethylene blue versus the midpoint excretion interual 
for Subject 1 when day and night samples were pooled. 


metabolic by-product which stabilizes leucornethylene blue could 
be explained similarly. 


If the urinary data were pooled such that 24-hr. urine aliquots 
were taken, all evidence of a circadian rhythm in excretion rate 
disappeared. This calculation was done with the data of Subject 1 
and is shown as Figs. 1 b and 2b. 


In most of the subjects, apparent erratic absorption was indicated 
by the excretion rate-time plots; hence absorption could not ad- 
equately be described by a smooth continuous function (e.g., by 
a one or two exponential function). Due to this apparent erratic 
absorption and apparent rhythmic variation of the excretion rates 
in man, a quantitative kinetic analysis of the urinary data was not 
attempted. Figures 3 and 4 show the semilogarithmic excretion 
rate-time plots for methylene blue and stabilized leucomethylene 
blue obtained from Subject 7, when extensive urine samples were 
obtained. It is difficult to ascribe a pharmacokinetic model to these 
data; however, for illustrative purposes the two-compartment open 
model with first-order absorption was assumed to apply and was 


fit to a cumulative urinary excretion-time equation (Eq. 1) for this 
model using the program NONLIN6: 


The parameters kI2 ,  kzl, kel, k,, A,", and lo (where k ,  is the first- 
order rate constant for absorption, A," is the cumulative amount 
of drug excreted at infinite time, to is the lag time before absorption 


6 Kindly supplied by Dr. C. M. Metzler, The Upjohn Co., Kalamazoo, 
Mich. 
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Table IV-Blood Level of Methylene Blue after Oral 
Administration of 15-mg./kg. Dose to the Male Dog 


Time, hr. Concentration, mcg./ml. 


2 
0 
Li a 
3 1 
0 


0.27 
0.50 
1.00 
2.01 
4.00 
6.87 


1. 


0 
0 
0.003 
0.019 
0.012 
0 


Table V-Two-Compartment Open Model with First-Order 
Absorption Analysis of Urinary Data of Subject 7 


Stabilized 
Leucomethylene 


Unchanged Drug Blue 


k,, hr.-1 
kln, hr.-1 
kll, hr.-I 
kel, hr.-1 
A,” 
to, hr. 
r2 
Corr. 


0.129 
1.28 
0.121 
0.847 


1354. 
0.016 
0.999 
0.998 


0.917 
0.049 
0.064 
0.116 


0.040 
1.OOO 
1.OOO 


7438. 


begins, k12 and kzl are the first-order rate constants between Com- 
partments 1 and 2, and k,l is the first-order rate constant for loss of 
drug from Compartment 1) were estimated. Table V shows that 
both methylene blue and stabilized leucomethylene blue data ob- 
tained from Subject 7 were fitted excellently to Eq. 1. These ex- 
cellent fits to Eq. 1 show that with extensive urine sampling (as was 
done with Subject 7), the variations observed in the excretion rate- 
time data are “smoothed out” by fitting to the cumulative amount 
excreted-time equation. When fitting urinary data to this equation, 
one must exert caution. Simply looking at the log excretion rate 
z‘ersus time plot qualitatively indicates that absorption is not a 
first-order process, and similarly for elimination. 


SUMMARY 


1. The major metabolite of methylene blue following oral ad- 
ministration to man and dog was shown to be leucomethylene blue, 
stabilized in some salt, complex, or combination form in urine but 
not in blood. 


2. The color of the urine following oral administration of 
methylene blue to man was shown to be unrelated to the amount 
absorbed, since in seven subjects an average of 7 8 z  of the drug 
recovered in the urine was excreted as stabilized leucomethylene 
blue. 


3. Apparent diurnal cycling of the excretion rates of methylene 
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Figure >Plot of the logarithm of the excretiort rate of unchanged 
methylene blue versus the midpoint excretion interval for  Subject 7 
where e.rtemive sampling wus roriducted. Key: 8, day; and 0, night. 
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Figure 4-Ploi of the logarithm of the excretion rate of stabilized 
leucomefhylette blue versus the midpoint e.ucretion interval for Sub- 
ject 7 where extensive sampling was conducted. Key: 8, day; and 
e, night. 


blue and stabilized leucomethylene blue was observed in man fol- 
lowing oral administration. 


4. Absorption of methylene blue was shown to be species de- 
pendent. Methylene blue was well absorbed in man and poorly 
absorbed in the dog. 


APPENDIX 


A first attempt to determine the pKa of methylene blue titri- 
metrically with standard hydrochloric acid failed since the methylene 
blue solution responded like pure water. This, conservatively, in- 
dicated that the pKa was less than 2. 


The authors determined the pKa to be - 1 using a spectrophoto- 
metric method and Hammett’s acidity function (6). Independently, 
VandenbelP determined the pKa as 0.04 by a spectrophotometric 
procedure in which 1 N HCI was assumed to have a pH of 0; hence 
the activity coefficient was neglected. This pKa was based on ab- 
sorbances read at 665 nm. in water and 0.5, 1, and 5 N HC1. There 
was also evidence of a second pKa of - 1.3 based on a decrease in 
bands at about 680 and 755 nm. in strong acid (5 N HCI, 6-21 N 
H2S04); a plot of band height versus normality of sulfuric acid 
indicated a half-ionization at 21 N H2S04, corresponding to a pKa 
of -1.3. However, this change in band height occurred over a 
smaller range of acidity (12-24 N )  than is usually necessary. This 
could have been due to a peculiarity of the sample or sulfuric acid 
at these high normalities. An ionization change or aggregation or 
something else occurred, but the true situation would require 
further investigation. 


In our laboratories, methylene blue was shown not to partition 
into methylene chloride (CHZCI2) or chloroform from pure water 
(resistance >18 megohms) solution (pH 6.95), acetate buffer (pH 
4.3), or phosphate buffer (pH 7.25). In partitioning studies with 
methylene blue in tap water (pH 8.8), borate buffer (pH lo), and 
pure water plus a drop of 0.5 N NaOH (pH 10.4), the methylene 
chloride and chloroform layers became pink to red in color. We 
have shown by TLC that this is due to degradations of methylene 
blue to dimethylthionin, trimethylthionin, and thionin. If water or 
the buffer contains a compound which ion-pairs with methylene 
blue, such as sodium chloride, potassium chloride, sodium bromide, 
potassium iodide, sodium fluoride, trichloroacetic acid, or sodium 
taurocholate, then transfer of methylene blue to the methylene 
chloride or chloroform occurs readily. In this case the organic layer 
becomes blue, and we have shown by TLC that the organic phase 
contains methylene blue. In such cases the partition coefficient is a 
function of concentration of the ion-pairing agent, and the parti- 


6 Research Laboratories, Parke, Davis and Co., Ann Arbor, MI 48105 


Vol. 61, No. 7, July I972 0 1089 







tion coeficient becomes asymptotic at high concentrations of the 
ion-pairing agent. The assay for methylene blue in urine and blood 
(2) depends upon such partitioning in the presence of high concen- 
trations of sodium chloride. 
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Pharmacokinetics of Highly Ionized Drugs 111: 
Methylene Blue-Blood Levels in the Dog and Tissue Levels in the 
Rat following Intravenous Administration 


ANTHONY R. DiSANTO* and JOHN G .  WAGNER’ 


Abstract 0 Plasma concentrations following rapid intravenous 
injection of 2-, 5-, 7 5 ,  lo-, and 15-mgJkg. doses of methylene blue 
in a dog were obtained. The single-dose data were fit to both a 
nonlinear heterogeneous one-compartment open model with bind- 
ing to one type of tissue and the classical linear two-compartment 
open model. Fitting to the nonlinear model showed no systematic 
trends in the estimated parameters in relation to dose. Fitting of the 
concentration data to the classical linear two-compartment open 
model did show systematic trends in the estimated parameters in 
relation to dose. Rats were injected intravenously with 2-, 5-, 7.5, 
lo-, 15-, and 25-mg./kg. doses of methylene blue and were then 
decapitated 3 min. later. The lungs, liver, kidneys, and heart were 
removed and assayed. An average of 2 9 3 z  of the dose (range 
25.2-35.8 %) was recovered in those four tissues, indicating very 
rapid uptake and extensive uptake of methylene blue by tissues. A 
plot of the average amount taken up by those tissues against the 
milligrams per kilogram dose was fit by the equation appropriate 
to the nonlinear model. 


Keyphrases Methylene blue-dog plasma and rat tissue con- 
centrations after intravenous administration, pharrnacokinetics 0 
Pharmacokinetics of highly ionized drugs-methylene blue, dogs, 
rats 0 Plasma levels, methylene blue-intravenous administration, 
dogs Tissue levels, methylene blue-intravenous administration, 
rats 


A generalized nonlinear pharmacokinetic model was 
elaborated by DiSanto and Wagner and published by 
Wagner (1). The relationship of this model t o  non- 
linear models of other investigators was discussed by 
DiSanto and Wagner (2). The simplest specific case of 
the generalized model is the heterogeneous one-com- 
partment open model with binding to  one type of tissue. 


All of the equations appropriate to  this model were 
given by Wagner (1) and some of them were given by 
DiSanto and Wagner (2). The integrated equation for 
the plasma concentration as a function of time, Eq. 4 
of this report, is analogous to, but different than, equa- 
tions derived by Kriiger-Thiemer (3, 4) for nonlinear 
plasma protein binding of drugs. The purposes of this 
report are : 


To list plasma concentrations measured after the 
intravenous administration of 2-, 5- ,  7.5, lo-, and 15- 
mg./kg. doses of methylene blue to  a male beagle dog. 


To list tissue levels in heart, lungs, liver, and kid- 
neys measured at  3 min. after the rapid intravenous 
injection of 2- ,  5-, 7.5-, lo-, 1 5 ,  and 25-mg./kg. doses of 
methylene blue to  the rat. 


To evaluate these data by both the classical linear 
two-compartment open model and the nonlinear hetero- 
geneous one-compartment open model with binding to  
one type of tissue. 


1. 


2. 


3. 


EXPERIMENTAL 


Materials-A solution of methylene blue* in sterile water for 
injection was prepared, transferred to 10-ml. vials, and autoclaved. 
Two vials were assayed and the concentration was calculated from 
the Beer’s law slope of methylene blue in water. The intravenous 
solution assayed 2% w/v rnethylene blue. This preparation was 
used in all of the intravenous administrations of methylene blue to 
the dog. 


1 Fisher Scientific. 
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Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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Synthesis of Novel Analgesic Agents 111: 
1,2-Dialky1-4-aryl and 1,2,4-Trialkyl-4-aryl Piperidazines 


MILTON J. KORNET‘ and HENRY S. I. TAN* 


Abstract 0 Several members of both 1 ,2-dialkyl-4-aryl and 1,2,4- 
trialkyl-4-aryl piperidazines were synthesized and investigated 
for analgesic activity. The most potent compound was 1,2-di- 
methyl-4-~~-propyl-4-(rn-hydroxyphenyl)piper idazine. 


Key phrases 0 Piperidazines, 1 ,2-dialkyl-4-aryl and 1,2,4-trialkyI-4- 
aryl-synthesis, screened for analgesic activity 0 1,2-Dialky1-4- 
aryl piperidazines-synthesis, screened for analgesic activity 0 
1,2,4-Trialkyl-4-aryI piperidazines-synthesis, screened for an- 
algesic activity [] Analgesic agents, potential-I ,2-dialkyl-4-aryl 
and 1,2,4-trialkyl-4-aryl piperidazines 


McElvain and Clemens (1) synthesized potent piperi- 
dine analgesics which contain alkyl and aryl substituents 
in the 4-position. The most potent compounds con- 
tain a meta-hydroxyl substituent in the aromatic ring. 
When the hydroxyl group is i n  the ortho- or para-posi- 
tion, the analgesic activity disappears. The 3-alkyl-3- 
aryl piperidines were studied by Kugita et al. (2) and 
exhibited excellent activity. 


This laboratory reported (3,4) the synthesis and anal- 
gesic activity of a number of 3- and 4-aryl pyrazolidines 
and 3-alkyl-3-aryl and 4-alkyl-4-aryl pyrazolidines. In 
a continuation of the search for new analgesic agents, 
several 4-substituted piperidazines, represented by 
Structure I ,  were synthesized and evaluated for their 
analgesic activity. An advantage of these compounds, 
which contain two contiguous basic nitrogen atoms, is 
that they embody the nitrogen to quaternary carbon 
distances found in both the 3- and 4-substituted piper- 
idines. 


SYNTHESIS 


It was reported (5 ,  6) that the reaction between 1,Zdialkyl hydra- 
zines and succinic anhydride leads first to acid hydrazides which, on 
heating, undergo dehydration with the formation of 3,6-piperid- 
azinediones. By using appropriately substituted succinic anhydrides, 
this reaction provides a route to the synthesis of the title compounds. 
Reaction between aryl succinic anhydrides and 1 ,2-dialkyl hydra- 
zines should afford 1,2-dialkyl-4-aryl piperidazine-3,6-diones (11). 


The first step of this reaction probably results in a mixture of the 
corresponding a-hydrazide (111) and the a’-hydrazide (IV) (Scheme 
I). Because of the presence of the phenyl ring, the carbonyl 
carbon atom alpha to that bearing the aryl substituent is 
probably more susceptible to nucleophilic attack than the other 
carbonyl carbon. Therefore, it is more likely that 111 constitutes the 
major component in the product mixture. No attempts, however, 
were made to determine the composition of this product mixture 
because cyclization of 111 and IV would result in 11. A similar ring 
opening of 0-substituted and a,a’-disubstituted succinic anhydrides 
by ammonia and amines was studied (7). This study showed that 
when the 0-substituent was phenyl, the mixture consisted of 77% 
of the a-amide and 23 % of the a’-amide. 


Cyclization of 111 and I V  occurred when the hydrazide mixture 
was subjected to distillation under reduced pressure. The product 
(11), however, was always contaminated with the starting aryl SUC- 
cinic anhydride, as indicated by IR spectroscopy. Purification of I1 
was accomplished by refluxing the distillation product with a hydro- 


R 
I 


I: R = CH3 or C2R, 
R ’ = H ,  OH, orOCH, 
R” = H or alkyl 


alcoholic sodium bicarbonate solution. Extraction with ether and 
workup yielded pure I1 in a moderate yield. Compounds having 
Structure I1 are key intermediates for Compounds I (Scheme 11). 


Treatment of 1,2-diethylhydrazine with phenylsuccinic anhydride 
afforded 1,2-diethyl-4-phenylpiperidazine-3,6-dione (IIn). The 
phenylsuccinic anhydride was obtained in the usual way by de- 
hydration of commercially available phenylsuccinic acid with acetyl 
chloride (8). Similarly, 1,2-dimethyl-4-phenylpiperidazine-3,6-dione 
(116) was prepared. Reaction between 1 ,bdimethylhydrazine and 
rn-methoxyphenylsuccinic anhydride gave 1,2-dimethyl-4-(m-me- 
thoxyphenyl)piperidazine-3,6-dione (IIc). The ~rr-methoxyphenpl- 
succinic acid was synthesized from rn-methoxybenzaldehyde by a 
procedure analogous to that described for the preparation of phenyl- 
succinic acid from benzaldehyde (9, 10). Dehydration of the acid to 
rn-methoxyphenylsuccinic anhydride was accomplished by means of 
acetic anhydride (1 1). 


Reduction of 1,2-dimethyl-4-phenyIpiperidazine-3,6-dione with 
lithium aluminum hydride produced 1,2-dimethyl-4-phenylpiperid- 
azine (Va) (Scheme 11). In a similar way, the m-methoxyphenyl ana- 
log (Vb) was obtained. These compounds represent the potential 
analgesic agents having a central tertiary carbon atom. 


Alkylation of I1 using sodium hydride as the base in tetraliydro- 
furan resulted in the monoalkylation products (VI). As expected, 
alkylation occurred a t  carbon atom 4 of the ring (Scheme 11). Treat- 


‘0 


R’= H o r  OCH3 R 
\ 


R‘ 


CH,CN- NHK 
&TH!i-NHR + IIR 


CH2COOH 0 
111 IV 


I J 
R’ 


0 
I1 


Scheme I 
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ment of IIa with sodium hydride and methyl iodide in tetrahy- 
drofuran gave 1,2-diethyl-4-methyl-4-phenylpiperidazine-3,6-dione 
(VIa). This reaction proceeded almost quantitatively. Reduction of 
the latter compound with lithium aluminum hydride in tetrahydro- 
furan afforded 1,2-diethyl-4-methyl-4phenylpiperidazine (VIIa). 
The overall yield starting from IIa was 68.8 %. 


Likewise, 1,2-dimethyl-4-n-propyl-4-phenylpiperidazine-3,6-dione 
(VIb) was obtained from 116 and n-propyl bromide. Reduction of 
dione VIb with lithium aluminum hydride afforded 1 ,Zdimethyl- 
4-n-propyl-4-phenylpiperidazine (VIM). Also, 1,2-dimethyl-4-n- 
propyl-4-(m-methoxyphenyl)piperidazine-3,6-dione (VIc) was pre- 
pared. Reduction of this compound produced 1,2-dimethyl-4-n- 
propyl-4-(m-methoxyphenyl)piperidazine (VIIc). Compounds pos- 
sessing Structure VII represent potential analgesic agents having a 
central quaternary carbon atom. 


Demethylation of Vb and VIIc with 48% aqueous hydrobromic 
acid proceeded readily and resulted in the formation of the corre- 
sponding m-hydroxyphenyl analogs, VIII and IX, respectively. 


ANALGESIC ACTIVITY 


The analgesic activity of Compounds Va, Vb, VIIa, VIIb, VIII, 
and IX was determined in CRCD mice by the hot-plate method (12). 
Ten animals were used at every dose level, and the compounds were 
administered intraperitoneally. The only compound having signs- 
cant activity was IX. At a dose of 100 mg./kg. (as base), IX caused 
no fatalities and all of the animals exhibited analgesia. The time of 
peak effect was 15 min. after drug administration, and the only 
overt effect noted was slight ataxia. The LDso value for this drug was 
172 mg./kg. By comparison, codeine phosphate (as salt, LDso = 
130 mg./kg.) exhibited similar activity at the same dose level except 
that the overt effect was a slight depression. Because of these pre- 
liminary results, IX will be tested further as a potential analgesic 
agent. 


EXPERIMENTAL? 


Phenylsuccinic Anhydride-To 25.0 g. (0.129 mole) of phenyl- 
succinic acid was added 27.8 ml. (0.387 mole) of acetyl chloride. 
The semidry mixture was carefully heated, whereupon the mixture 
became a homogeneous solution. The solution was refluxed for 4.5 
hr., cooled, and concentrated under reduced presure. Distillation 
of the residue afforded 20.77 g. (91.7%) of a viscous oil, b.p. 154- 
159" (0.40 mm.), m.p. 49-51' (after recrystallization from ether- 
ligroin) [lit. b.p. 196" (16 mm.)(13), m.p. 53-54"(8)]; IR (film): 5.37 
and 5.58 p (anhydride C=O); NMR (CDCI,): 6 7.40-7.92 (m, 5,  
ArH), 4.60 and 4.44 (two d, I ,  methine H), and 2.89-3.91 (m, 2, 
methylene H). 


Diethyl rn-Methoxybenzalmalonate-The procedure used for the 
preparation of this malonate was similar to that described by Allen 
and Spangler (9) for ethyl benzalmalonate. From 100.0 g. (0.74 
mole) of m-methoxybenzaldehyde, 113.6 g. (0.71 mole) of ethyl 
malonate in 225 ml. of benzene in the presence of 2.2 g. of benzoic 
acid, and 4.5 ml. of piperidine, there was obtained 180 g. (93.773 of 
a colorless oil, b.p. 150-154" (0.28 mm.) [lit. (14) b.p. 130.5-133" 
(0.02 mm.)]; ng0 1.5429; IR (film): 5.78 (ester C-0) and 6.13 p 
( k c ) ;  NMR (CDCI,): 6 7.73 (s, 1, C==CH), 6.82-7.50 (m, 4, 
ArH), 4.35 (q, 2, OCH?), 4.32(q, 2, OCHz), 3.80 (s, 3, OCH3), 1.33 
(t, 3, C-CH,), and 1.29 (t, 3, C-CH,). 


Ethyl 3 4  rn-Methoxyphenyl)-3-cyanopropanoate-This compound 
was prepared by a procedure adapted from Allen and Johnson (10). 
From 72.7 g. (0.261 mole) of diethyl m-methoxybenzalmalonate in 
643 ml. of absolute alcohol and 17.9 g. (0.276 mole) of potassium 
cyanide in 32 ml. of water, a viscous oil (44.97 g., 73.9%) was ob- 
tained, b.p. 142-144" (0.55 mm.); n z o  1.5090 [lit. (11) b.p. 164-166" 
(0.6 mm.). ng 1.51001; IR (film): 4.47 (C-N) and 5.78 p (ester 


'This compound was solubilized in isotonic saline by means of 
dilute hydrochloric acid; the pH of a 1% solution was 2.7. 


Melting points were obtained with a Fisher-Johns melting-point 
apparatus. A Mel-Temp apparatus was used for melting-point deter- 
minations in a sealed tube. All melting points are corrected whereas 
boiling points are uncorrected. IR data were recorded on a Beckman 
IR-8 spectrophotometer. NMR spectra were determined with a Varian 
A-60A spectrometer using tetramethylsilane as the internal reference. 
Microanalyses were performed by Dr. Kurt Eder, Geneva, Switzerland. 
Magnesium sulfate was employed as the drying agent. 


b 0 ) ;  NMR (CDCL): 6 6.78-7.59 (m, 4, ArH), 4.00-4.51 (rn, 3, 
Ar-CH-CN and OCH2 quartet at 4.21). 3.82 (s, 3, OCH,), 2.99 and 
2.85 [two d, 2, Ar-C(CN)-CH2], and 1.25 (t, 3, C-CHI). 


rn-Methoxyphenylsuccinic Acid-A mixture of 26.4 g. (0.11 5 
mole) of ethyl 3-(m-methoxyphenyl)-3-cyanopropanoate and 85 ml. 
of concentrated hydrochloric acid was stirred and refluxed for 16 
hr. and then cooled. The solid cake was broken up and collected on a 
filter cloth. The crude tan-colored product was washed with 50 ml. 
of ice water. After drying in a vacuum desiccator, 18.1 g. (70.3%) 
of crude acid was obtained, m.p. 173-179". A sample for analysis 
was prepared by recrystallization from water, m.p. 174.5-176" dec. 
[lit. (11) m.p. 177-178" dec.]; IR (KBr): 3.44 (OH) and 5.92 p 
(C=O); NMR (dimethyl sulfoxide-d6): 6 6.80-7.56 (m, 4, ArH), 
3.674.12 (m, 4, ArCH and one OCH, singlet at 3.79), and 2.34-3.33 
(m, 2). 


And-Calc. for CllHl~Os: C, 58.93; 13, 5.39. Found: C, 59.32; 
H, 5.56. 


rn-Methoxyphenylsuccitkic Anhydride--A mixture of 6.72 g. 
(0.03 mole) of m-methoyxphenylsuccinic acid and 9.18 g. (0.09 
mole) of acetic anhydride was refluxed for 3 hr. The solution was 
cooled and the excess acetic anhydride was removed under reduced 
pressure. The remaining residue was distilled, yielding 4.60 g. 
(74.42) of a colorless oil, b.p. 157-160" (0.30 mm.) [lit. (11) b.p. 
185-195" (1 mm.)]; n"dg 1.5490; IR (film): 5.36 and 5.61 p (anhy- 
dride C-0); NMR (CDCI,): 6 6.74-7.56 (m, 4, ArH), 4.40 and 4.24 
(two d, 1, ArCH), and 2.79-3.96 (m, 5, including one OCH, singlet 
at 3.82). 
1,2-Diethyl-4-phenylpiperidazine-3,6-dione (1Ia)-To a stirred 


solution of 10.47 g. (0.059 mole) of phenylsuccinic anhydride in 40 
ml. of tetrahydrofuran was added dropwise a solution of 5.71 g. 
(0.065 mole) of 1,2-diethyIhydrazine in I0 ml. of tetrahydrofuran 
with ice bath cooling. The solution was stirred overnight at room 
temperature and refluxed for 6 hr. After the solution was cooled and 
the solvent was removed under reduced pressure, the remaining 
residue was distilled and afforded 10.37 g. of a crude product, b.p. 
174-177" (1.5 mm.). The product was dissolved in 10 ml. of ethanol, 
and the resulting solution was refluxed with 60 ml. of 5 %  aqueous 
sodium bicarbonate for 1 hr. The alcohol was removed under re- 
duced pressure, and the aqueous solution was saturated with sodium 
chloride. The mixture was then extracted three times with 20-ml. 
portions of chloroform. The combined chloroform solution was 
dried, filtered, and concentrated under reduced pressure. Distillation 
of the residue afforded 6.72 g. (46.2z) of a semisolid oil, b.p. 
143-145" (0.18 mm.); PI',".' 1.5477; IR (film): 5.98 p (amide C-0); 
NMR (CDCI,): 6 7.21 (s, 5, ArH), 2.76-4.30 (m, 71, 1.12 (t, 3, 
C-CH,), and 0.72 (t, 3, C-CH,). 


And-Calc. for Cl,H18N20~: C, 68.27; H, 7.37; N, 1 I .37. Found: 
C, 68.34; H,7.39; N, 11.53. 
1,2-Dimethyl-4-phenylpiperidazine-3,6-dione ( I IbFThis  com- 


pound was prepared, in a manner similar to that described for IIa, 
from 20.6 g. (0.117 mole) of phenylsuccinic anhydride and 7.80 g. 
(0.13 mole) of 1,2-dimethylhydrazine in 120 ml. of tetrahydrofuran. 
A crude product weighing 22.02 g. (b.p. 164-170" at  0.15 mm.) was 
obtained. This product was refluxed for 1 hr .  with 125 ml. of a 5 %  
aqueous sodium bicarbonate solution and worked up to yield 11.90 
g. (42.0%) of a semisolid oil, b.p. 147-148" (0.13 mm.); 1.5628; 
IR (film): 5.98 p (amide C=O); NMR (CDCI,): 6 7.12-7.69 (m, 
5, ArH), 3.98 (t, 1, ArCHCO), 3.31 (s, 3, NCH,), 3.15 (s, 3, NCH,), 
and 2.98 (d, 2, CHZ). 


ha/.-Calc. for C12Hl,N202: C, 66.04; H, 6.47; N, 12.84. Found: 
C, 65.98; H, 6.52; N, 12.77. 
1,2-Dimethyl-~(rn-methoxyphenyl)pipe~idazine-3,6-dione (11~)- 


This compound was obtained, in a manner similar to that described 
for IIa, from 22.68 g. (0.11 mole) of m-methoxyphenylsuccinic 
anhydride and 7.26 g. (0.121 mole) of 1,2-dimethylhydrazine in 110 
ml. of tetrahydrofuran. A crude product weighing 24.0 g. (b.p. 
185-186" at 0.20 mm.) was obtained. This product was refluxed for 
2 hr. with 1M ml. of a 5 %  aqueous sodium bicarbonate solution and 
worked up to afford 8.05 g. (29.5%) of i i  semisolid oil, b.p. 168- 
169" (0.08 mm.); &' 1.5672; IR (film): 6.02 p (amide C-0); 
NMR (CDCI,): 6 6.68-7.51 (m, 4, ArH), 3.95 (t, 1, methine H), 
3.77 (s, 3, OCH,), 3.26 (s, 3, NCH,), 3.12 ( s ,  3, NCH,), and 2.92 
(d, 2, CHz). 


Anal.-Calc. for Cl3HISN2O3: C, 62.89; H, 6.50; N, 11.28. Found: 
C, 63.08; H, 6.66; N, 11.23. 
1,2-Diethyl-4-methyl-4-phenylpiperidazine-3,6-dione (VIo)-So- 


dium hydride (50% mineral oil dispersion, 1.33 g., 0.028 mole) 
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was washed three times with, hexane and once with tetrahydrofuran 
and then was suspended in 35 ml. of tetrahydrofuran. To this 
suspension was added dropwise a solution of 6.00 g. (0.024 mole) 
of IIa in 10 ml. of tetrahydrofuran with stirring at  40". Hydrogen 
evolution was observed. The reaction mixture was refluxed for 90 
min. and cooled, and a solution of 5.11 g. (0.036 mole) of methyl 
iodide in 10 ml. of tetrahydrofuran was added dropwise. The mix- 
ture was again refluxed for 20 hr., cooled, and decomposed with 
saturated aqueous ammonium chloride solution. The tetrahydro- 
furan was decanted, and the inorganic sludge was extracted with 
three 20-ml. portions of tetrahydrofuran. The combined tetrahydro- 
furan extracts were evaporated under reduced pressure. The residue 
was dissolved in 50 ml. of ether, dried, and filtered, and the ether 
was removed under reduced pressure. A yellow semicrystalline 
material (6.86 g., m.p. 102-117") was obtained. NMR analysis 
indicated a purity of 95%. A sample for analysis was prepared by 
sublimation of the crude product at  70" (0.30 mm.). The sublimate, 
m.p. 110.5-1 15.5", was recrystallized from ligroin to give colorless 
crystals, m.p. 118-1 18.5"; IR (KBr): 6.02 p (amide C==O); NMR 
(CDCI,): 6 7.34 (s, 5, ArH), 3.72-4.67 (ni, 2, COCHZ), 2.47-3.42 
(m, 4, NCHz), 1.46 (s, 3, Ar-C-CH,), 1.12 (t, 3, N-C-CH3), 
and 0.22 (t, 3, N-C-CH3). 


Anal.-Calc. for C'llBH20N202: C, 69.20; H, 7.74; N, 10.76. Found: 
C, 69.33; H, 7.75; N, 10.86. 


1,2-Dimethyl-4-n-propyl-4-phenylpiperida~ne-3,6-dione (V1b)- 
This compound was prepared, in a manner similar to that described 
for VIa, from 11.9 g. (0.054 mole) of IIb, 3.22 g. (0.067 mole) of 
sodium hydride (50z mineral oil dispersion), and 13.28 g. (0.108 
mole) of n-propyl bromide in 125 ml. of tetrahydrofuran. After 
workup of the reaction mixture, a viscous oil was obtained which 
afforded, upon distillation, 7.98 g. (55.4%) of a colorless oil, b.p. 
149-152" (0.30 mm.); 12g5 1.5415; IR (film): 6.00 p (arnide &O); 
NMR (CDCI,): 6 7.34 (s, 5, ArH), and 0.53-3.41 (m, 15, including 
two NCH3 singlets at  3.25 and 2.72). 


Anal.-Calc. for C:1bH20N202: C, 69.20; H, 7.74; N, 10.76. Found: 
C, 69.22; H, 7.71; N, 10.76. 


1,2-Dimethyl-4-n-propyl-4 - (m-methoxypheny1)piperidazine - 3,6- 
dione ( V I r t T h i s  compound was prepared in a manner similar to 
that described for Vla from 8.05 g. (0.032 mole) of IIc, 1.92 g. (0.040 
mole) of sodium hydride (50:d mineral oil dispersion), and 7.90 g. 
(0.064 mole) of n-propyl bromide in 80 ml. of tetrahydrofuran. 
After workup of the reaction mixture, a viscous oil was obtained 
which yielded, upon distillation, 5.22 g. (56.32;) of a semisolid oil, 
b.p. 165-167" (0.18 mm.); n2d.l 1.5450; IR (film): 6.01 p (amide 
C=O); NMR (CDCIJ: 6 6.54-7.54 (m, 4, ArH) and 0.56-4.13 (m, 
18, including one OCH, singlet at 3.84 and two NCH, singlets at 
3.28 and 2.79). 


And.-Calc. for C16H22N203: C, 66.19; H, 7.64; N, 9.65. Found: 
C, 65.96; H, 7.91; N, 9.67. 
1,2-Dimethyl-4-phenylpiperidazine ( V a F A  solution of 6.71 g. 


(0.03 mole) of IIb in 25 ml. of tetrahydrofuran was added dropwise 
to a stirred suspension of 2.31 g. (0.06 mole) of lithium aluminum 
hydride in 50 ml. of tetrahydrofuran. After the addition was com- 
plete, the reaction mixture was refluxed for 20 hr. and decomposed 
with 40z aqueous potassium hydroxide with ice bath cooling. 
The tetrahydrofuran was decanted, and the inorganic sludge was 
extracted three times wtih 15-ml. portions of tetrahydrofuran; 
then the combined tetrahydrofuran solution was dried. After re- 
moval of the solvent under reduced pressure, the residue was dis- 
tilled to afford 3.84 g. (67.3z) of a yellow oil, b.p. 142-145" (9 
mrn.). Redistillation of the product yielded 3.51 g. of a pale-yellow 
oil, b.p. 78-79" (0.10 mm.); 12:' 1.5518; IR (film): no absorption 
at  5.98 p (amide C=O); NMR (CDCI,): 6 7.31 (s, 5, ArH) and 
1.65-3.27 (m, 13, including a singlet at  2.52 due to the NCH, pro- 
tons). 


Anal.-Calc. for C,H,,Nt: C, 75.74; H, 9.53; N, 14.72. Found: 
C,75.81;H,9.51;N,14.62. 


A picrate derivative was prepared and recrystallized from absolute 
alcohol, m. p. 135-137.5". 


Anal.-Calc. for C18Hz,N50T: C, 51.55; H, 5.05; N, 16.70. Found: 
C, 51.57; H, 4.96; N, 16.64. 
1,2-Dimethyl-4-(m-methoxyphenyl)piperidazine (Vb)-This com- 


pound was obtained, in a manner similar to that described for Va,  
from 7.19 g. (0.028 mole) of IIc and 2.12 g. (0.056 mole) of lithium 
aluminum hydride in 70 ml. of tetrahydrofuran. The reaction mix- 
ture was refluxed for 21 hr. Workup and distillation afforded 4.43 g. 
(71.9z)ofa  pale-yellow oil, b.p. 109-111" (0.10 mm.); 112' 1.5541; 
IR (film): no absorption at  6.02 p (amide C=O); NMR (CDCI,): 6 
6.54-7.54 (rn, 4, ArH), 3.79 (s, 3, OCH,), and 1.51-3.54 (rn, 13, 
including a singlet at  2.52 due to  the NCHB protons). 


Anal.-Calc. for C13H20N20: C, 70.87; H, 9.15; N, 12.72. Found: 
C, 70.74; H, 9.31; N, 12.65. 


The picrate derivative was recrystallized from absolute alcohol, 
m.p. 163.5-165.5". 


Anal.-Calc. for CIsH,,NrOn: C. 50.78: H. 5.16; N. 15.58. Found: .. ~. . . , . ,  . .  
C,50.91;H,5.16;N, 15.70. 


1,2-Diethyl-4-methyl-4-phenylpiperidazine ( V I I a t T h i s  com- 
pound was prepared, in a manner similar to that described for Va,  
from 6.04 g. (0.022 mole) of VIa and I .30 g. (0.034 mole) of lithium 
aluminum hydride in 50 ml. of tetrahydrofuran. The reaction mix- 
ture was refluxed for 20 hr. Distillation of the crude product gave 
3.84 g. (71.9%) of a pale-yellow oil, b.p. 91-92" (0.25 mm.); ny 
1.5230; IR (film): no absorption at  6.02 p (amide -0); NMR 
(CDCI,): 6 7.02-7.45 (m, 5, ArH), 1.24-3.25 (m, 13, including the 
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Ar-C-CH, singlet at 1.33), 1.05 (t, 3, N-C-CH& and 1.02 


Anal.-Calc. for ClSHZ4N2: C, 77.53; H, 10.41; N, 12.06. Found: 
C, 77.58; H, 10.38; N, 12.00. 


A hydrochloride derivative was prepared. The salt was recrystal- 
lized two times from isopropyl alcohol-hexane with charcoal treat- 
ment to yield white needles, m.p. 186-188" (sealed tube). 


Anal.-Calc. for CI5H~,CIN~: C, 67.02; H, 9.37; N, 10.42. Found: 
C, 66.92; H, 9.29; N, 10.51. 
1,2-Dimethyl4n-propyl-4-phenylpiperidazine (VIIb tThis  com- 


pound was synthesized, in a manner similar to that described for 
Va, from 6.41 g. (0.024 mole) of VIb and 1.82 g. (0.048 mole) of 
lithium aluminum hydride in 75 ml. of tetrahydrofuran. The reac- 
tion mixture was refluxed for 26 hr. Workup and distillation gave 
3.37 g. (60.573 of a colorless oil, b.p. 99-102" (0.20 mm.); ng.z 
1.5304; IR (film): no absorption at 6.00 p (amide C=O); NMR 
(CDCl,): 6 7.34 (s, 5, ArH), and 0.54-3.18 (m, 19, including two 
singlets at 2.45 and 2.42). 


And.-Calc. for Cl5Hz4N2: C, 77.53; H, 10.41; N, 12.06. Found: 
C, 77.58; H, 10.30; N, 12.25. 


A methiodide derivative was prepared and recrystallized from 
isopropyl alcohol, m.p. 204.5-206'. 


And.-Calc. for C,&Z,IN~: C, 51.34; H, 7.27; N, 7.48. Found: C, 
51.18; H, 7.34; N, 7.60. 
1,2-Dimethyl-4-n-propyl-4-( rnmethoxypheny1)piperidazine (VIIc) 


-This compound was obtained, in a manner similar to that de- 
scribed for Va, from 4.72 g. (0.016 mole) of VIc and 1.21 g. (0.032 
mole) of lithium aluminum hydride in 50 ml. of tetrahydrofuran. 
The reaction mixture was refluxed for 25 hr. Workup and distilla- 
tion produced 3.50 g. (83.5z) of a colorless oil, b.p. 124-124.5" 
(0.18 mm.); n z 8  1.5328; IR (film): no absorption at 6.01 p (amide 
-0); NMR (CDCls): 6 6.67-7.52 (m, 4, ArH), 3.84(s, 3, OCH,), 
and 0.57-3.32 (m, 19, including two singlets at 2.46 and 2.42). 


Anal.-Calc. for C&Z~NZO: C, 73.24; H, 9.99; N, 10.68. Found: 
C, 73.21; H, 9.82; N, 10.83. 
1,2-Dimethyl-4-(rn-hydroxyphenyl)piperidazine (VIII)-A solu- 


tion of 2.33 g. (0.0106 mole) of Vb in 11.4 ml. of 48% aqueous 
hydrobromic acid was refluxed for 1 hr. under a nitrogen atmos- 
phere. The dark mixture was evaporated lo dryness under reduced 
pressure and the residue was suspended in 5 ml. of water. The mix- 
ture was made alkaline, saturated with solid potassium carbonate, 
and extracted with three 15-ml. portions of chloroform. The cQm- 
bined chloroform solution was dried and filtered. After removal of 
the chloroform under reduced pressure, 1 g. (47.4 %) of a red-brown 
powder was obtained. Sublimation of the powder a t  150" (0.10 
mm.) gave a nearly white sublimate, m.p. 147-167". Recrystalliza- 
tion from chloroform-hexane gave a white powder, m.p. 175-177" 
dec. (sealed tube); IR (KBr): 2.95 p (phenolic OH); NMR (CDCI,): 
6 6.38-7.37 (m, 5, ArH and ArOH), 2.47-3.50 (m, 11, including a 
singlet due to the NCH, protons at 2.55), and 1.50-2.10 (m, 2). 


Anal.-Calc. for C,*H,,N?O,.0.25 H2O: C, 68.37; H, 8.84; N, 
13.29. Found: C, 68.20; H, 8.67; N, 13.17. 


1,2-Dimethyl-4-n-propyl-4-( rn-hy droxypheny1)piperidazine (IXF- 
This compound was obtained, in a manner similar to that described 
for VIII, from 2.48 g. (0.009 mole) of VIIc and 10 ml. of 48% aque- 
ous hydrobromic acid. The mixture was refluxed for 1 hr. under a 
nitrogen atmosphere, worked up, and distilled to afford 0.45 g. 


(t, 3, N-C-CHa). 
(24.7z) of a viscous liquid, b.p. 170-171O (0.45 rnm.). The liquid 
solidified, m.p. 43-45"; IR (KBr): 2.96 p (phenolic OH); NMR 
(CDCI,): 6 6.5G7.47 (m, 5, ArH and ArOH), and 0.54-3.13 (m, 19, 
including a singlet due to the NCHI protons at  2.46). 


Anal.-Calc. for ClbH~4NzO: C, 72.54; H, 9.74; N, 11.28. Found: 
C, 72.61;H, 9.66; N, 11.24. 


Derivatization afforded the methiodide which was recrystallized 
from isopropyl alcohol, m.p. 195-196.5". 


Anal.-Calc. for C1J3271N20: C, 49.24; H, 6.97; N, 7.18. Found: 
C, 49.25; H, 6.99; N, 7.29. 
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Structure and Activity of Thiazole-Type 
Schistosomicidal Agents 


I. NABIH‘, F. EL-HAWARY, and H. ZOOROB 


Abstract 0 The schistosomicidal agent l-(5’-nitro-2‘-thiazolyl)-2- 
imidazolidinone caused a rise in the a-keto acid level when given 
orally to rats. This effect could be diminished upon parallel ad- 
ministration of high doses of the vitamin thiamine. The biological 
effect of the drug could also be canceled through similar admin- 
istration of the vitamin. 


Keyphrases Schistosomicidal agents, thiazole type-l-(5’-nitro- 
2’-thiazolyl)-2-imidazolidinone, structure-activity, compared to 
thiamine, biological studies 0 1-(5’-Nitro-2’-thiazolyl)-2-imida- 
zolidinone-structure-schistosomicidal activity, biological studies, 
compared to thiamine Thiazole-type schistosomicidal agents- 
I-(5’-nitro-2’-thiazolyl)-2-imidazolidinone, structure-activity, com- 
pared to thiamine, biological studies Thiamine-effect on oral 
administration of 1-(5’-nitro-2’-thiazolyl)-2-imidazolidinone, struc- 
ture relationships 0 Niridazole-structure-schistosomicidal ac- 
tivity, biological studies, compared to thiamine 


In a previous communication, the schistosomicidal 
activity of a new agent, 2-N-(2’-methyl-4’-amino-5’- 
pyrimidoyl)amino-5-nitrothiazole was > eported (1). 
The rational approach for investigation of its structure 
was based upon its close relation to thiamine; an at- 
tempt was made to profit from the concept of metabolic 
antagonism in this area of chemotherapy (1). 


Recently, the compound 1-(5’-nitro-2’-thiazolyl)-2- 
imidazolidinone, niridazole (I), was found to possess 
potent schistosomicidal activity. The agent is structurally 
constituted of a thiazole moiety (a structural constitu- 
ent of thiamine) attached to imidazolidinone which is 
involved in the chemical structure of the vitamin biotin 
(2). 


It is well known that pyruvate metabolism can be 
influenced in a number of ways, one of which is vita- 
min B1 deficiency. The latter, in the form of its pyro- 
phosphate derivative cocarboxylase, has been proven 
to act as a coenzyme in pyruvate metabolism. De- 
ficiency in vitamin B, may be due to dietary deficiency 
or, secondarily, to  antagonism between thiamine and 
structurally related compounds. The latter may inter- 
fere with the enzyme system that converts thiamine to 
cocarboxylase or it may replace cocarboxylase in the 
pyruvate metabolism system (3, 4). Thus, the level of 
the blood pyruvate could be taken as an index for the 
visualization of such an action. 


The aim of the present studies was to investigate 
the possibility of the occurrence of any antagonizing 


BIOLOGICAL STUDIES 


Mice weighing between 20 and 30 g. were infected with cercariae 
of Schisrosoma marisorii from more than one infected snail to assure 
bisexual infection. After the developing period to adult worms 


0 
I 


effect of the drug (I) for the biological activity of thia- 
mine that would cause any rise in blood pyruvate. 


BIOCHEMICAL STUDIES 


Groups of five albino rats of the Sprague-Dawley strain were 
used. The weights of the rats varied from 170 to 230 g.; all rats were 
kept on a well-balanced stock diet. 


Compound I was given alone to one group in doses of 75 mg./kg. 
of body weight (experimental therapeutic dose). Another group 
received the same dosage of the drug together with high doses 
(0.5 mg./kg. of body weight) of thiamine hydrochloride (I  + 
thiamine). A third group received the same dose of the drug along 
with high doses (50 mg./kg. of body weight) of the vitamin d- 
biotin (I + biotin). A fourth group received the high dose of 
thiamine hydrochloride, and a fifth group received the high dose of 
d-biotin to determine the effect of high doses of these two vitamins. 


High doses exceeding the normal requirements were adopted to 
ensure their biological availability to different tissues to counteract 
the effect of the administered drug. 


Estimation of a-Keto Acids-This was carried out according to 
the method of Friedemann and Haugen ( 5 ) .  Blood samples (about 
1 ml.) were withdrawn from anesthetized rats through heart punc- 
ture. This procedure was followed to avoid any exercise, be- 
cause exercise would lead to  misleading high results in the blood 
a-keto acid level. 


Solutions-Compound I Solution-A 750-me. amount of the 
compound was suspended in 15 ml. of distilled water. Each milliliter 
of this solution corresponds to 50 mg. of the drug’. 


Thiamine Hydrochloride Solurion-Thiamine hydrochloride (5 
mg.) was dissolved in 10 ml. of distilled water. Each milliliter of 
this solution corresponds to 0.5 mg. of thiamine hydrochloride. 


Biorin Solution-One milligram of d-biotin was dissolved in 20 
ml. of distilled water. Each milliliter of this solution contains 50 mcg. 
of the vitamin. 


The drug, alone or with the supplemented vitamin, was given in 
aqueous suspension through the mouth by force feeding using an 
all-glass syringe fitted with an adequate, small, polyethylene tube. 
After administration of the dose, 1 ml. of distilled water was put in 
the syringe and allowed to pass to the stomach to ensure almost 
complete administration of the dose. 


Administration of the drug, alone or supplemented with either 
of the two vitamins, was performed every 2nd day over a period of 
2 weeks. At weekly intervals, blood samples were collected. When 
the drug was supplemented with the concerned vitamin, the cal- 
culated volumes of each were mixed together and both were ad- 
ministrated concurrently. 


The mean calculated percentage of total blood keto acids (in 
terms of mg. pyruvic acid/100 ml. blood) in the experimental groups 
of animals are diagrammatically represented in Fig. 1. The mean 
values for total blood keto acids in each group before any treatment 
were taken as the basal control values. Apparently the normal level 
of total blood keto acids in control albino rats is approximately 1.4 
mg. pyruvic acid/100 ml. blood. 


1 These solutions were prepared at  each time of experimentation. 
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Figure 1-Mean values for blood total keto acids (in terms of mg. 
pyruvic acid/lOO mi,) in different groups of rats. The starting point 
in each curue indicates the basal control mean ualue for each group. 
Key: 0-0, rats treated with I ;  @---a, rats treated with biotin + 
I ;  X-X, rats treated with thiamine + I ;  c1--0, rats freated with 
biotin only; and 0-0, rats treated with thiamine only. 


(about 8 weeks), 24-hr. stools were collected and examined for ova. 
Those which showed positive living ova were isolated to be used in 
the experiments. 


Thirty-six infected mice were divided into six groups: 
Group a-Six mice were given the drug (I) alone in doses of 75 


mg./kg. of body weight. 
Group b-Six mice were given 75 mg. of the drug (l)/kg. of 


body weight, together with 0.5 mg. of thiamine hydrochloride/kg. 
of body weight. 


Group c-Six mice were given 75 mg. of the drug (I)/kg. of 
body weight, along with 50 mcg. of d-biotinlkg. of body weight. 


Group d-Six mice were given0.5 mg. of thiamine hydrochloride/ 
kg. of body weight. 


Group e-Six mice were given 50 mcg. of d-biotinlkg. of body 
weight. 


Group f-Six mice were kept as the control. 
Administration of the drug alone or supplemented with either 


of the two vitamins, as well as administration of either of the 
vitamins, to the five groups was performed daily for 10 consecutive 
days. 


Examinations for ova excretion in different groups showed that 
the drug (I) alone exerted its schistosomicidal effect in Group a, 
as evidenced by the absence of living ova in the collected stools. 
In those infected animals in Group b, receiving thiamine along 


with the drug (I), clear inhibition of the schistosomicidal effect of 
the drug was observed and demonstrated by the continuation of 
living ova ertcretion in the stools of animals included in this group. 


In the third group, which received the drug (I) along with biotin, 
the schistosomicidal effect of the drug still manifested itself as in 
Group a. Stool examination demonstrated complete absence of 
living ova. 
In Group d, which received thiamine hydrochloride alone, a 


considerable rise in the ova count was observed during the ob- 
servation period. Two weeks after the vitamin administration, the 
rise in the ova count returned to the control level existing before 
the administration of the vitamin. 
In the fifth and sixth groups, which received biotin alone and the 


control, respectively, no change in the rate of ova excretion could 
be detected during the observation period. 


DISCUSSION 


Administration of I alone resulted in a considerable rise in the 
blood keto acid level (Fig. 1). This persisted on continuation of the 
drug administration. However, stopping the drug administration 
resulted in a drop in these levels; they returned to normal after 2 
weeks. 


Biochemical derangement in keto acid metabolism, as evidenced by 
the increase in the keto acid blood levels, was not observed in the 
group of rats given I + thiamine or thiamine alone. This indicates 
that the presence of thiamine in high amounts caused a decrease in 
the toxic effect of I in this connection. 


Bueding and Fisher (6) reported that I activates phosphorylase 
phosphates of S. mansoni, causing an enhanced degradation of 
glycogen in the parasite, but no similar effect was demonstrated in 
the host (mice). Rapid degradation of the small amount of the 
parasite glycogen may partially share in causing the rise in the level 
of a-keto acids demonstrated in the blood. Possibly a competetive 
action between I and thiamine may exist due to the presence of the 
nitrated thiazole part in the drug molecule. 'Thus, administration of I 
alone would lead to blockage of the decarboxylation system. On 
the other hand, the concurrent administration of the high doses of 
thiamine seems to diminish such blocking action. This is supported 
by the marked diminution in the blood 0-keto acid level when thi- 
amine was given at high doses along with I. 


However, when I + biotin was given, this toxic effect of I was 
evident, as was the elevation of the blood keto acid level. The 
marked rise in the levels of blood a-keto acids in animals receiving 
I + biotin is quite difficult to interpret. It had been reported (7, 8) 
that biotin deficiency reduced markedly the rate of oxidation of 
pyruvate. Furthermore, it had been demonstrated (9) that the addi- 
tion of biotin to liver slices from biotin-deficient rats resulted in an in- 
creased utilization of pyruvate or lactate. This decreased utiliza- 
tion of pyruvate or lactate in biotin deficiency was reflected in a 
marked increase in the level of pyruvate in blood (10). The observed 
increase in blood pyruvate in rats receiving I + biotin and not in 
those animals receiving biotin alone could be accounted for by the 
antagonistic effect of I to the action of biological amounts of thi- 
amine present in tissues. possibly because biotin may act as a 
synergistic factor to precipitate the toxic effect of the drug on the 
metabolism of a-keto acids. 


From these findings, it appears that I causes an increase in the 
blood keto acids by antagonizing the biological function of thi- 
amine and that concurrent administration of this vitamin with the 
drug diminishes the toxic effect of the latter. A similar biochemical 
disturbance may be initiated within the parasite and, hence, the 
schistosomicidal action of the drug is induced. 


From the biological studies, it was determined that thiamine, 
when given in high doses along with the drug, diminished the 
schistosomicidal effect of the latter, whereas biotin did not exert 
such effect. Also, thiamine alone induced a considerable increase 
in the rate of ova excretion by the parasite. 


These findings may add further support to the suggestions that I 
manifests its toxicity through interference with the biological func- 
tion of thiamine and that the latter at higher doses could experi- 
mentally diminish such an effect. 
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tion coeficient becomes asymptotic at high concentrations of the 
ion-pairing agent. The assay for methylene blue in urine and blood 
(2) depends upon such partitioning in the presence of high concen- 
trations of sodium chloride. 
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Pharmacokinetics of Highly Ionized Drugs 111: 
Methylene Blue-Blood Levels in the Dog and Tissue Levels in the 
Rat following Intravenous Administration 


ANTHONY R. DiSANTO* and JOHN G .  WAGNER’ 


Abstract 0 Plasma concentrations following rapid intravenous 
injection of 2-, 5-, 7 5 ,  lo-, and 15-mgJkg. doses of methylene blue 
in a dog were obtained. The single-dose data were fit to both a 
nonlinear heterogeneous one-compartment open model with bind- 
ing to one type of tissue and the classical linear two-compartment 
open model. Fitting to the nonlinear model showed no systematic 
trends in the estimated parameters in relation to dose. Fitting of the 
concentration data to the classical linear two-compartment open 
model did show systematic trends in the estimated parameters in 
relation to dose. Rats were injected intravenously with 2-, 5-, 7.5, 
lo-, 15-, and 25-mg./kg. doses of methylene blue and were then 
decapitated 3 min. later. The lungs, liver, kidneys, and heart were 
removed and assayed. An average of 2 9 3 z  of the dose (range 
25.2-35.8 %) was recovered in those four tissues, indicating very 
rapid uptake and extensive uptake of methylene blue by tissues. A 
plot of the average amount taken up by those tissues against the 
milligrams per kilogram dose was fit by the equation appropriate 
to the nonlinear model. 


Keyphrases Methylene blue-dog plasma and rat tissue con- 
centrations after intravenous administration, pharrnacokinetics 0 
Pharmacokinetics of highly ionized drugs-methylene blue, dogs, 
rats 0 Plasma levels, methylene blue-intravenous administration, 
dogs Tissue levels, methylene blue-intravenous administration, 
rats 


A generalized nonlinear pharmacokinetic model was 
elaborated by DiSanto and Wagner and published by 
Wagner (1). The relationship of this model t o  non- 
linear models of other investigators was discussed by 
DiSanto and Wagner (2). The simplest specific case of 
the generalized model is the heterogeneous one-com- 
partment open model with binding to  one type of tissue. 


All of the equations appropriate to  this model were 
given by Wagner (1) and some of them were given by 
DiSanto and Wagner (2). The integrated equation for 
the plasma concentration as a function of time, Eq. 4 
of this report, is analogous to, but different than, equa- 
tions derived by Kriiger-Thiemer (3, 4) for nonlinear 
plasma protein binding of drugs. The purposes of this 
report are : 


To list plasma concentrations measured after the 
intravenous administration of 2-, 5- ,  7.5, lo-, and 15- 
mg./kg. doses of methylene blue to  a male beagle dog. 


To list tissue levels in heart, lungs, liver, and kid- 
neys measured at  3 min. after the rapid intravenous 
injection of 2- ,  5-, 7.5-, lo-, 1 5 ,  and 25-mg./kg. doses of 
methylene blue to  the rat. 


To evaluate these data by both the classical linear 
two-compartment open model and the nonlinear hetero- 
geneous one-compartment open model with binding to  
one type of tissue. 


1. 


2. 


3. 


EXPERIMENTAL 


Materials-A solution of methylene blue* in sterile water for 
injection was prepared, transferred to 10-ml. vials, and autoclaved. 
Two vials were assayed and the concentration was calculated from 
the Beer’s law slope of methylene blue in water. The intravenous 
solution assayed 2% w/v rnethylene blue. This preparation was 
used in all of the intravenous administrations of methylene blue to 
the dog. 


1 Fisher Scientific. 
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Table I-Whole Blood Concentrations Measured following Intravenous Administration to a Male Dog 


-2 mg./kg. (22.4 mg.+- -5 mg,/kg. (56.0 mg.)-- 
Time, Concentration, Time, Concentration, Time, Concentration, 


hr. mcg./ml. hr. mcg./ml. hr. mcg./ml. 


--7.5 mg./kg. (84.0 mg.+ 


0.046 
0.175 
0.325 
0.493 
0.997 
2.20 
3.11 
4.22 
- 


0.941 
0.365 
0.275 
0.199 
0.124 
0.0640 
0.0424 
0.0310 
- 


0.054 
0.165 
0.337 
0.497 
1.01 
2.03 
4.07 
5.05 
6.005 


2.60 
0.715 
0.438 
0.403 
0.230 
0.130 
0.071 
0.052 
0.034 


0.058 
0.184 
0.330 
0.492 
0.988 
1.995 
3.999 
4.998 
- 


7.07 
2.80 
1.68 
1.32 
0.677 
0.211 
0.117 
0.093 - 


~~ 


---lo mg./kg. (112.0 mg.)---- -15 mg./kg. (168.0 mg.* 
Time, Concentration, Time, Concentration, Time, Concentration, 


hr. mcg./ml. hr. mcg./ml. hr. mcg./ml. 


----Predose (112-161 mg.+ 


0.079 
0.273 
0.320 
0.567 
1.013 
2.030 
4.020 
6.220 
- 
- 


21.68 
7.22 
2.18 
0.965 
0.471 
0.163 
0.141 
0.077 - 
- 


0.046 
0.163 
0.323 
0.491 
1.01 
2.01 
4.01 
4.99 
6.03 
7.25 


31.2 
15.01 
2.45 
1.44 
0.396 
0.238 
0.189 
0.152 
0.122 
0.085 


0 .0  
0.054 
0.161 
0.331 
0.496 
0.996 
1.992 
3.975 
5.005 
5.960 


0.217 
5 . 3  
1.06 
0.412 
0.296 
0.270 
0.201 
0.167 
0.152 
0.123 


Dog Studies2-The dog was fasted the night before each adminis- 
tration and for the duration of each experiment. Waterwasallowedad 
libitum. The dog was weighed prior to each experiment and the dose 
was calculated on a milligrams per kilogram basis. Two intravenous 
catheters were inserted, one in the right front leg vein and the other in 
the left hind leg. The drug was administered in the right front leg and 
samples were taken from the hind leg. A threeway stopcock ar- 
rangement was used during injection to allow flushing of the 
syringe with normal saline after the methylene blue was adminis- 
tered. After each blood sample was taken, 2-3 ml. of normal saline 
was pushed through the intercath to keep it patent. The time and 
volume of blood were recorded as the samples were drawn. A 
timer3 which read to one-hundredth of a minute was used in the 
studies. The sampling times are listed in Table I. The blood was 
assayed during the 2-hr. sampling intervals, and sampling was 
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Figure 1-Semilogarithmic blood concentration-time relationship of 
nterhylene blue in the dog foIlowing an intravenous dose of 5 mg./kg. 


2 An 1 I .S-kg. male beagle dog, obtained from Tri Co Animal Re- 
search Laboratories, Kalamazoo, Mich., was used in all intravenous 
dog studies. 


3 Precision Scientific. 


usually stopped when the blood concentration was approaching 
the assay sensitivity. In some studies it was not possible or it was 
impractical to draw more blood from the dog. Variations from the 
sampling schedule occurred when the dog was uncooperative or the 
intercath was not patent. Variations in the sampling times from 
study to study did not affect the pharmacokinetic analysis of the 
data obtained from the intravenous experiments. 


The dog was administered five different single doses of methylene 
blue, allowing at least 2-3 weeks between experiments. The single 
doses administered were 2, 5, 7.5, 10, and 15 mg./kg. A "predose" 
study was also conducted in the same dog. In this case the dog was 
administered a IO-rng./kg. dose of methylene blue intravenously, 
followed 1 hr. later by a 5-mg./kg. i.v. dose of methylene blue. The 
sampling times recorded in Table I are such that the time of ad- 
ministration of the 5-mg./kg. dose is considered zero time (Le., 1 hr. 
after the IO-mg./kg. dose). The zero-hour blood sample was taken 
just prior to the 5-mg./kg. dose. 


Whole blood was assayed by the extraction-spectrophotometric 
method of DiSanto and Wagner (5). This assay measures both 
unchanged methylene blue and the metabolite leucomethylene blue. 
However, the reduction of methylene blue to leucomethylene blue 
and the oxidation of leucomethylene blue to rnethylene blue are 
essentially instantaneous. Hence, kinetically, measuring both in 
whole blood and tissue is analogous to the usual assay for only 
unchanged drug. 


Table II-Parameters Estimated for the Two-Compartment 
Open Model by Nonlinear Least-Squares Fitting of Whole Blood 
Concentrations (Weighted According to Their Reciprocals) and 
Measures of Fit 


Para- r Dose, mg./kg. 
meter 2 5 7 .5  10 15 


klz, hr.-l 3.49. 7.10 2.12 1.73 2.09 
(1.29)* (1.27) (1.81) (1.69) (0.896) 


kzi, hr.-.' 1.15 1.02 0.410 0.280 0.289 
(0.232) (0.151) (0.295) (0.206) (0.131) 


kel, hr.-l 1.94 3.43 2.61 6.36 6.32 
(0.497) (0.6491 (1.69) (1.72) (0.862) , .  , . ,  . .  


Vl, 1. 20.2 1 1 . 8  10.0 2.73 3 . 5 3  
(2.81) (1.94) (1.08) (0.549) (0.319) 


ra 0.986 0.990 0.979 0.985 0.992 
Corr. 0.998 0.993 0.983 0.991 0.995 


a Estimated value of parameter. * Number in parentheses is the stan- 
dard deviation of the estimated parameter. 
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Table III-Estimated and Derived Parameters of Dog Intravenous Data Fit t o  One-Compartment Open Model with One Type of Tissue 
Binding (Fitted by NONLIN with Reciprocal Weighting to Eq. 4) 


A ,  
mcg./ml. 


-Estimated Parameters 
B,  K ,  co, 


mcg./ml. hr.-1 mcg./ml. 


2 


5 


7.5 


10 


15 


Average 


12.9 
(8.78)d 
16.2 


(24.8) 
14.5 


(14.6) 
12.9 


(19.5) 
21.4 


(50.0) 
15.6 


0.0355 
(0.026) 
0.0276 


(0.046) 
0.103 


(0.118) 
0.0582 


(0.094) 
0.0426 


(0.090) 
0.053 


15.4 
(1 .05) 
10.5 
(1.29) 
5.70 


(0.679) 
8.11 


(1.13) 
8.20 


(0.633) 
9.53 


1.57 
(0.064) 
4.13 


(0.638) 
9.04 


(1.13) 
41.6 
(8.15) 
47.08 


(19.0) 


~~ 


-Derived Parameters-- -Measures of Fit- 
v a ,  AIb, 


l./kg. mg./kg. KeS= rz corr. 


0.141 1.82 200.0 0.998 0.998 


0.248 4.00 147.0 0.986 0.991 


0.320 6.89 30.3 0.989 0.991 


0.184 2.41 91.7 0.985 0.990 


0.219 4.68 50.5 0.992 0.995 


0.222 3.96 104.0 
~ ~~~ 


a v = - -  D ACo To + co' where To = mo . b A' = A .  V. c Kes = I/B. V. d Standard deviation of estimated parameter. 


Table IV-Volumes, Elimination Rate Constants, and Plasma Clearances 


Classical Linear Two-Compartment Nonlinear One Fluid-One Tissue 
Model Analysis----. --__ Open-Model Analysis- 7 ---- 


Y i . k , ~ ,  V. K ,  
Dose, VI 3 k e l ,  l./kg. v, K ,  l./kg. __ 


mg./kg. l./kg. hr.-I hr. l./kg. hr.-l hr. 


2 
5 
7.5 


10 
15 
Average 
SD 
cv, z 


1.80 1.94 
1.13 3.43 
0.893 2.61 
0.244 6.36 
0.315 6.32 
0.876 
0.639 


72.9 


4.13 
2.08 


50.4 


3.49 
3.88 
2.33 
1.55 
1.99 
2.65 
0.996 


37.6 


0.141 
0.248 
0.320 
0.184 
0.219 
0.222 
0.0676 


30.4 


15.4 
10.5 
5.70 
8.11 
8.7B 
9.58 
3.67 


38.3 


2.17 
2.60 
1.82 
1.49 
1.80 
1.98 
0.424 


21.5 


Rat Studies4-The solution of methylene blue used in these 
studies was the same as in the intravenous dog studies. The rats 
were fasted overnight prior to each study and were briefly anesthe- 
tizectwith ether and weighed. A 45-mg./kg. dose of sodium pento- 
barbitals was administered intraperitoneally. One-half a milliliter 
of a 40-mg./ml. solution was administered initially, 10-15 min. was 
allowed to pass, and then the remainder of the dose was given. A 
dose of 0.8 mg. of atropine sulfate was then given subcutaneously to 
help prevent aspiration of fluids. Methylene blue was then injected 
intravenously into the penis vein, and the rat was decapitated with a 
guillotine 3 min. later. The blood was allowed to  drain intoa beaker 
lightly coated with acid-citrated dextrose and assayed in a similar 
manner as the whole dog blood. The lungs, liver, kidneys, and heart 
were removed and assayed as described by DiSanto and Wagner 
(5). The six doses of methylene blue administered were 2, 5, 7.5, 
10, 15, and 25 mg./kg. of body weight. 


RESULTS AND DISCUSSION 


Table I lists the observed whole blood concentrations for the six 
studies performed in the same male dog. Figure 1 is a semiloga- 
rithmic plot of the 5-mgJkg. dose data, and Fig. 2 is a semiloga- 
rithmic plot of the 15-mgJkg. dose data. These are representativeof 
similar plots of the data obtained following the other doses. The 
relationship is apparently biexponential; hence, one could initially 
assume that Teorell's (6) classical linear two-compartment open 
model applies to these data. The appropriate equations for bolus 
intravenous injection and this model are: 


Adult male Sprague-Dawley rats, weighing between 300 and 400 
g., were obtained from the University of Michigan Animal Research 
Facility and were used in all experiments. 


6 Nembutal Sodium, Abbott Laboratories, Chicago, 111. 
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where: 


(Y + P = kiz + kzi + k.1 (Eq. 2) 


and : 


~r .8  = kzlk.1 (Eq. 3) 


Preliminary estimates of the parameters were obtained by the feath- 
ering or back-projection technique using semilogarithmic graph 
paper. Data from all five single intravenous doses of methylene blue 
administered to the dog were fitted by the method of least squares 
with an  iterative digital computer program and an  IBM 360/65 
digital computer to conform to  Eq. 1. The graphical estimates of the 
parameters were used as starting values, and the concentrations 
were assigned reciprocal weights. The least-squares estimates of the 
parameters k12, kzl, k,l, and Vl, obtained by this procedure, are 
listed in Table 11. The data fit well t o  the two-compartment model, 
as indicated by the high coefficients of determination and correla- 
tion coefficients for the regression of predicted or observed Ci 
values. Table 11, however, reveals that although the data were fitted 
well, there are systematic trends in the estimated parameters in 


Table V-Tissue Uptake of Methylene Blue after Intravenous 
Administration to  the Rat 


-Amount Methylene Blue Bound, mcg./g. Tissue- 
-Dose,mg./kg.- 1 


Tissue 2 5 7.5 10 15 25 


Heart 15.8 40.7 45.5 46.8 97.9 114.0 
Lung 9.56 31.0 28.5 23.5 49.1 80.9 
Liver 13.7 45.9 37.2 41.1 107.0 77.6 
Kidney 18.2 52.3 78.6 93.2 124.0 386.0 


-Percent Dose in Four Tissues Assayed- 
32.0 35.8 30.5 25.3 30.2 25.2 
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Figure 2-Semilogarithmic blood concentration-time relationship of 
methylene blue in dog following an intravenous dose of 1.5 mg./kg. 


relation to the dose. Note that as the dose increases, V, and ktl 
decrease, while k,l increases with increasing dose. A trend also 
occurs with ti/,  = (In 2)/0. Note that 0 decreases with increasing 
dose, or the half-life increases with increasing dose. Similar trends 
were also noted for k,l and 0 in the simulations performed by Di- 
Santo and Wagner (2). 


The same five sets of data were also fitted by the method of least 
squares using an iterative procedure to Eq. 4, which is appropriate 
to the heterogeneous one-compartment open model with binding to 
one type of tissue: 


As with the two-compartment open-model analysis, excellent 
fits of all five sets of data were obtained. However, with this model 
there were no systematic trends in the estimated or derived param- 
eters, as seen from the data listed in Table 111. 


The volumes, model elimination rate constants, and plasma clear- 
ances ( Vl. k.1 and VK) obtained by both models are given in Table 
1V. These data show that the variability of each of those param- 
eters, as evidenced by the coefficients of variation, were consid- 
erably greater for the linear two-compartment analysis than for the 
nonlinear analysis. 


The average volume of distribution, expressed as fraction of body 
weight obtained by the individual fitting of the five sets of blood 
concentrations to the nonlinear model, was 0.222 or 22.2% body 
weight. The average volume of distribution obtained from 10 dogs 
of varying weight, calculated by Sapirstein et al. (7), using mannitol 
and creatinine was 20.3 and 19.7 % body weight, respectively. 
These drugs are not tissue bound, and the volumes determined by 
their use represent a physiological fluid volume. The volume of 
distribution obtained from the nonlinear analysis of the highly 
tissue-bound methylene blue is quite similar to that obtained by 
Sapirstein et al. (7). It appears, therefore, that the volume of dis- 
tribution obtained by this nonlinear model may indeed havea physio- 
logical significance. In contrast, the average volume of the inner 
(plasma) compartment by two-compartment analysis was 87.6% of 
body weight and one value was 180% of body weight. 


In the predose study, the blood samples taken 3 min. after the 
S-rng./kg. dose assayed 5.3 mcg./ml., whereas the corresponding 
value was 2.6 mcg./ml. at the same time after the single S-mg./kg. 
dose. The 0.217-mcg./ml. value at zero time in the predose study 
obviously cannot explain this difference. But the tissues that were 
loaded with the drug by the loading dose can explain the difference. 
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Figure &Initial amount of drug bound (TO’) versus dose (D) plot 
of various intravenous doses of methylene blue to the rat. Line in- 
dicates predicted values obtained from fitting to Eq. 5 ,  and dots (.) 
are observed values. 


Qualitatively, the predose study supported the nonlinear binding 
model. 


The purposes of the rat experiments were to show extremely rapid 
uptake of methylene blue by tissue and to obtain data on the 
amount bound as a function of dose. Table V lists the results of 
these studies. On opening the body cavity o f  the rat after sacrificing, 
there was no observable blue coloration of any tissue. On exposure 
to the air, several organs became markedly blue in color. This 
emphasizes the rapid reduction of methylede blue to leucomethylene 
blue by red blood cells and possibly other tissues and its equally 
rapid reoxidation to methylene blue. 


It is realized that a certain percentage of the tissue weight is 
blood, and as such a correction for the amount of methylene blue 
in this blood might have been made. It was found that the amount of 
methylene blue in the blood in the tissues was negligible compared 
to the amount of methylene blue in the tissues studied. The blood 
volume of the rat liver and heart was reported as 18-20z (8, 9). 
Using the value of 20% as the blood volume for each of the four 
organs studied did not even account for 1% of the amount of 
methylene blue found in each tissue. The correction for the blood 
content in the tissue was, therefore, neglected. 


The four organs in this study accounted for an average of 29.8 
of the administered dose of methylene blue, even though the rats 
were killed 3 min. postinjection. 


For the nonlinear model, the relationship between the initial 
amount of drug bound, TO‘, and the dose, D, for the one-compart- 
ment open model with binding to one type of tissue is given by Eq. 
5: 


where To‘ is the initial amount of drug taken up by tissue after ad- 
ministration of the intravenous dose, D is the dose in milligrams 
per kilogram, K d  is the dissociation constant of the tissue-drug 
complex, and A’ is the maximum amount of drug (milligrams per 
kilogram) that can be taken up by tissue. In applying this equation to 
the rat tissue data, the assumptions are made that the amount in the 
tissues at 3 min. postinjection is the same as immediately after in- 
jection and that the different tissues assayed may be pooled and con- 
sidered as one type of tissue so far as pharmacokinetic analysis is 
concerned. 


The rat tissue data were fitted to this equation using the program 
NONLIN6. An average TO’ was obtained from the four tissues as- 
sayed. An initial estimate of A‘ was obtained as the approximate 
asymptote of a To’ versus D plot, and K d  was estimated from Eq. 6: 


The result of this fitting is shown in Fig. 3. 
These rat tissue studies clearly illustrate rapid uptake of methyl- 


ene blue by tissue and also lend credibility to the assignment of the 


Kindly supplied by Dr. C. M. Metzler, The Upjohn Co., Kalama- 
zoo, Mich. 
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nonlinear heterogeneous one-compartment-one type of t i s s u e  
model to the dog intravenous studies. 


REFERENCES 


(1) J. G. Wagner, “Biopharmaceutics and Relevant Pharmaco- 
kinetics,” Drug Intelligence Publications, Hamilton Press, Hamil- 
ton, Ill., 1971, pp. 302-317. 


(2) A. R. DiSanto and J. G. Wagner, J.  Pharm. Sci., 61,552(1972). 
(3) E. Kruger-Thiemer, W. Diller, and P. Bunger, Antimicrob. 


(4) E. Kriiger-Thiemer, Arzneim.-Forsch., 16, 1431(1966). 
( 5 )  A. R. DiSanto and J. G. Wagner, J.  Pharm. Sci., 61,598(1972). 
( 6 )  T. Teorell, Arch. Inf .  Pharmacodyn. Ther., 57, 226(1937). 
(7) L. A. Sapirstein, D. G. Vidt, M. J. Mandel, and G. Hanusek, 


(8) G. Paumgartner, P. Probst, R. Kraines, and C. M. Leevy, 


Ag. Chemother., 1965, 183. 


Amer. J .  Physiol., 181, 33q1955). 


Ann. N .  Y. Acad. Sci., 170, 134(1970). 


(9) A. E. Lewis, R. D. Goodman, and E. A. Schuck, J.  Lab. Clin. 
Med., 39,704(1952). 


ACKNOWLEDGMENTS AND ADDRESSES 
Received April 26, 1971, from the College of Pharmacy and the 


Pharmacy Laboratory, Pharmacy Service, University Hospital, Uni- 
versity of Michigan, Ann Arbor, MI 48104 


Accepted for publication December 3, 1971. 
Presented to the Basic Pharmaceutics Section, APHA Academy of 


Pharmaceutical Sciences, San Francisco meeting, March 1971. 
Abstracted in part from a dissertation submitted by Anthony R. 


DiSanto to the Graduate School, University of Michigan, in partial 
fulfillment of the Doctor of Philosophy degree requirements. 


Supported by a National Science Foundation traineeship awarded 
to the College of Pharmacy, University of Michigan. 


The authors are grateful to Dr. Carl M. Metzler of The Upjohn 
Co. for his help with the computer programming. 


* Present address: Clinical Bioavailability Unit, The Upjohn Co., 
Kalamazoo, MI 49001 
A To whom inquiries should be directed. 


Use of Thermal Gravimetric Analysis in Sorption 
Studies 11: Evaluation of Diffusivity and Solubility of a 
Series of Aliphatic Alcohols in Polyurethan 


G. W. C. HUNG and J. AUTIAN’ 


Abstract 0 A thermogravimetric analysis method was used to 
evaluate the diffusion and solubility of a series of aliphatic alcohols 
in a specific polyurethan film at several different temperatures. 
The diffusion coefficients were calculated from desorption curves 
by the use of a specific equation applied to the early stages of de- 
sorption. In general, the diffusion coefficients of the straight-chain 
alcohols increased with temperature and decreased with molecular 
weights. The branched-chain alcohols had diffusion coefficients 
lower than the nonbranched isomers. Activation energies of diffu- 
sion were also calculated and fell into the range of 9.16-14.5 kcal./ 
mole. By knowing the diffusion and the solubility coefficients, the 
permeability constants were estimated. 


Keyphrases a Alcohols, aliphatic-diffusivity and solubility in 
polyurethan films, thermogravimetric analysis Polyurethan 
films-diffusivity and solubility of aliphatic alcohols, thermogravi- 
metric analysis Diffusion coefficients of aliphatic alcohols- 
polyurethan films, thermogravimetric analysis 0 Thermogravi- 
metric analysis-diffusivity and solubility of aliphatic alcohols in 
polyurethan films 


Greater attention is now being paid to the possible 
interaction of drugs with various plastics and elastomers 
used for packaging of drugs or as various types of 
collection and administration devices. Reduction of 
potency of the drug or a preservative in the product 
due to an interaction with the plastic can pose from 
minor to  serious consequences to the patient. A previ- 
ous communication (1) from these laboratories re- 
ported on the use of thermogravimetric analysis (TGA) 


as a rapid and simple means of studying drug-plastic 
interactions. In that study a group of liquid compounds 
were first placed in contact with a specific plastic 
(nylon 66) until equilibrium was attained. The ma- 
terial was then placed into the TGA instrument, and 
the desorption was followed in a dynamic manner by 
increasing the temperature at a constant rate. The re- 
sultant thermogram then permitted an evaluation of 
the equilibrium sorption concentration and the energy 
of activation of desorption which, in turn, permitted a 
qualitative insight as to  the role the structure of the 
compound played in the sorption process. 


The present report extends these TGA studies on the 
interaction of a series of aliphatic alcohols with a spe- 
cific plastic, polyurethan. Desorption experiments per- 
mitted the calculation of the diffusion coefficients of 
these alcohols and the activation energies of diffusion. 
The equilibrium sorption concentration of each com- 
pound at  different temperatures was also evaluated. 


EXPERIMENTAL 


Materials-The following eight alcohols were used in this study: 
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l- 
propanol, 1-pentanol, and 1-octanol. All of these compounds were 
of reagent grade or of the highest purity obtainable commercially. 
They were used as such without further purification. Table I lists 
the alcohols and summarizes some physical properties for each 
compound. 


1094 Journal of Pharmaceutical Sciences 








Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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Analysis of Human Buccal Absorption of Drugs by 
Physical Model Approach 


K. R. M. VORA', W-. I. HIGUCHI, and N. F. H. HO 


Abstract IJ The studies of Beckett and Moffat on the human buccal 
absorption of p-n-alkyl phenylacetic, p-halogen phenylacetic, and 
toluic acids at various buffer pH's were analyzed quantitatively by 
the physical model approach using a two-phase compartmental dif- 
fusion model. Nonlinear regression analysis was used to obtain 
self-consistent estimates of relevant transport parameters such as the 
permeabilities of the aqueous diffusion layer and lipoidal membrane 
and the pKa. Good agreement of the absorption rate-buffer pH pro- 
files between the experimental results and theory was found. The in- 
cremental partition constant of the lipoidal biophase for a methy- 
lene group with the p-alkyl phenylacetic acid series was found to be 
2.22. in agreement with 2.33 obtained previously for the n-alkanoic 
acids. Halogen substituent constants on the para-position of phenyl- 
acetic acid and position constants of a methyl group on thepara-, 
mefa-, and ortho-positions of benzoic acid relative to aqueous- 
buccal membrane partitioning were also determined. After compar- 
ing these constants with those in the literature, it appears that the 
rate-determining environment in the lipoidal buccal membrane has a 
polarity like isobutanol. 


Key phrases 0 Buccal absorption-p-n-alkyl phenylacetic, p-halogen 
phenylacetic. and toluic acids, application of partition coefficients 0 
Absorption, buccal-p-n-alkyl phenylacetic, p-halogen phenylacetic, 
and toluic acids, application of partition coefficients 0 Phenylacetic 
acids, p-rz-alkyl and p-halogen-application of partition coefficients 
to buccal absorption 0 Toluic acids-application of partition coeffi- 
cients to buccal absorption 0 Partition coefficients-application to 
buccal absorption 


Recently, the use of the physical model approach to 
the quantitative interpretation of the irt vivo buccal ab- 
sorption of n-alkanoic acids was demonstrated (1). 
The buccal absorption data of Beckett and Moffat (2) 
were utilized in these model calculations. Exceptionally 
good agreement of the absorption rate-buffer pH pro- 
files between the experimental results and theory was 
found. The greater rates of absorption of the higher 
molecular weight acids in the homologous series at 
constant buffer pH of the drug solution were attributed 
entirely to the higher partition coefficients for these 
acids because their pKa values are essentially identical. 
However, the rightward shifts of the profiles of the 
homologous series relative to the dissociation curve 
were attributed not only to the increasing lipid solubility 
but also to the presence of an aqueous diffusion layer 
on the mucosal side of a biphasic aqueous-lipid barrier. 
The permeability of the aqueous diffusion layer (stag- 
nant layer) was the rate-controlling factor for the maxi- 
mum rates observed at  the low pH region for the higher 
alkanoic acids within the homologous series. A self- 
consistent, biophysically meaningful factor of 2.33 for 
the buccal lipoidal membrane-aqueous incremental 


isobutanol-water system, such as those reported by 
Collander (3), may provide better correlation with the 
buccal absorption data than the hexane-water, the 
octanol-water, or the n-heptane-aqueous partition 
coefficients. 


The purpose of this paper is to demonstrate the appli- 
cation of the above-mentioned diffusion model to 
additional in viuo buccal absorption data of Beckett and 
Moffat (2, 4) involving the following series of com- 
pounds: p-n-alkyl phenylacetic acids, p-halogen phenyl- 
acetic acids, and toluic acids. These compounds were 
selected because they represent a series of drugs having 
relatively the same pKa with different lipid solubility or 
different pKa with different lipid solubility. It also will 
be shown that these sets of compounds may provide 
incremental partition constants for the methylene group 
within a homologous linear alkyl chain, substituent con- 
stants for the various halogens on the para-position of 
phenylacetic acid, and position constants for methyl 
groups on benzoic acid. 


DESCRIPTION OF MODEL 


The diffusion model related to buccal absorption is a two- 
compartment model. The first compartment (mucosal side) consists 
of the bulk aqueous drug solution phase and a diffusion layer of 
thickness Ll,  and it is in series with the second compartment con- 
sisting of a homogeneous lipid phase of thickness LL It is assumed 
that there is a perfect sink on the serosal side after the lipid phase 
and that only nonionized drug species transfer across the lipid 
membrane. 


The equations describing the steady-state first-order rate of 
buccal absorption (1) are summarized as follows: 


Ku = B l . f ( T ) -  (Eq. 1) 


where: 


1 
= (1 + Ka/[Hc])T + 1 


Pw.1 
P0.2 


T =- 


(Eq. 3) 


Here K ,  is the absorption rate constant; B1 is a constant with units 
of time-' and is descriptive of the permeability coefficient of the 
drug in the aqueous diffusion layer, P,.,, the surface area, A, and the 
volume of drug solution, V ;  f ( T )  is a dimensionless parameter with 
the limits 0 <.f(T)  5 1; the diffusion efficiency coefficient, T, is the 
ratio of the permeability coefficients of the drug in the aqueous 
diffusion layer, Pw,l, and the lipoidal membrane, P A  and K,,  and 
[H+] are the dissociation constant and hydrogen-ion concentration, 
rewectivelv. 


partition constant for a methylene group was found. 
Since the incremental partition constant was less than 
3.15, as found in the octanol-water system, it was further 
implied that the buccal membrane was effectively more 


The incremental change in the lipid-aqueous partition coefficient 
from one compound to the molecular-modified compound within a 
given series may be generally expressed by: 


(Eq. 5)  K ~ + I  Po.2.t+1 - 5 
polar. Consequently, in vitro partitioning data with the K ,  Po,z,z T,+I 


- n = - -  = -  
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Figure 1-The buccal absorption of acidic drugs in man Lfrom Beckett and Moffat (2,  4)]. ( A )  p-n-Alkyl phenylacetic acids. Key: A, hexyl; 
e, perrtyl; 0, butyl; V, propyl; 0, ethyl; m, methyf; and V ,  H. ( B )  p-n-Halogen phenylacetic acids. Key: A,  iodo: e, bromo; 0, chloro; V, 
juoro; and 0, H. (C)  Substituted benzoic ncids. Key: 0, 2,4-dimethylbenzoic acid; e, m-toluic acid, A, benzoic acid; m, 2,4,6- 
trirnethylbenzoic acid; and 0, 2,3,5,6-tetramethylbenzoic acid. ( D )  Toluic acids. Key: 0, para; 0, meta; and A ,  ortho. 


where IZ  is the lipid-aqueous incremental partition constant, K is the 
partition coefficient, and the subscripts i and i + l  denote the com- 
pound and modified compound, respectively. 


stituted benzoic acids, and toluic acids are shown in Fig. 1 (2, 4). 
According to theory, the shape of the absorption rate-pH profile 
of a drug and between drugs within a data set (for example, the 


RESULTS AND DISCUSSION 
homologous series of the p-n-alkyl phenylacetic acids) is related to 
the various interactions involving the hydrodynamics in the buccal 


The buccal absorption-pH curves involving the passive transfer of 
p-n-alkyl phenylacetic acids, p-halogen phenylacetic acids, sub- 


cavity, the pH of the solution, the pKa, and the intrinsic perme- 
ability of the membrane. If one is able to quantitate these factors 
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Table I-Best-Fitting T,,,t and K, Values Obtained by the Use of 
the NONLIN Computer Program for Buccal Absorption Data of 
Phenylacetic and p-Alkyl Phenylacetic Acidsa 


--- BI, m h - 1  - 
Acid 0.322 0.366 0.393 0.460 0.599 


Best-Fitting Terpt 
Phenylacetic 2.667 3.176 3.479 
p-Methylphenylacetic 0.910 1.175 1.333 
p-Ethylphenylacetic 0.201 0.368 0.467 
pi-Propylphenylacetic 1.154 1.451 1.633 
p-n-Butylphenylacetic 0.063 0.067 0.145 
p-n-Pentylphenylacetic 0.002 0.063 0.140 


Phenylacetic 2.780 2.649 2.595 
p-Methylphenylacetic 3.781 3.337 3.156 
p-Ethylphenylacetic 8.185 5.084 4.296 
p-/r-Propylphenylacetic 0.303 0.275 0.262 
p-n-Butylphenylacetic 3.632 3.853 1.925 
p-n-Pentylphenylacetic 16.542 2.020 0.962 
Average K,  ofp-alkyl 5.199 4.092 3.126 


Best-Fitting K ,  X lo6 


phenylacetic acids 


4.248 5.829 
1.733 2.555 
0.719 1.236 
2.072 3.007 
0.341 0.744 
0.335 0.737 


2.503 2.370h 
2.838 2.506 
3.268 2.478 
0.243 0.2176 
0.962 0.573 
0.477 0.28ID 
2.356 1.852 


Literature values for Ka at 25" ( 5 ) :  phenylacetic acid, 4.88 X 
and p-n-alkyl phenylacetic acids, 4.27-4.20 X 
not included in the dveraging of Ka values. 


* These values were 


and also to determine the value of the incremental partition con- 
stant 1 1 ,  then it is conceivable that, given a rate constant a t  a specific 
pH, one could generate or predict the rate constant-pH profiles of 
the parent drug compound and the corresponding molecular- 
modified parent compounds in the homologous series. Further- 
more, since the experimental data in Fig. 1 are involved with the 
performance of one test individual under identical conditions, it is 
expected that the hydrodynamic conditions in the buccal cavity 
would be nearly constant and, correspondingly, the permeability 
of all the drug compounds across the aqueous diffusion layer would 
be nearly identical. as will be shown. 


While the quantitative analysis of each set of experimental data in 
Fig. 1 followed the general approach used previously for the 
n-alkanoic acids ( I ) ,  a more rigorous computational scheme was 
applied. Mathematical approximations a t  various values of the B, 
constant were utilized to arrive a t  the best estimates of the function 
f(T), the K ,  of the acidic drugs, and the diffusion efficiency co- 
efficient T of the buccal membrane leading to a reliable value of the 
incremental partition constant n which is self-consistent with the 
experimental results. 


Phenylacetic Acid Series--The group of p-fi-alkyl phenylacetic 
acids was reported ( 5 )  to possess nearly identical pKa values (4.31- 


Table 11-Best-Fitting Tcorrrp Values Obtained by the Use of the 
NONLIN Computer Program Employing Fixed Average K ,  Values 
for p-H-Alkyl Phenylacetic Acids, and Corresponding n Values 
Calculated for a Methylene Group Increment in the p-ri-Alkyl 
Phenylacetic Acid Series 


~ 


Acid 
__--__ B1, min.-' -- 
0.322 0.366 0.393 0.460 0.599 


Fixed Average K ,  X lo5 
p-n-Alkyl phenylacetic 5.199 4.092 3.126 2.356 1.852 


Best-Fitting T,,,, 
acids 


p-Methylphenylacetic 0.817 1.105 1.336 1.814 2.729 
p-Ethylphenylacet ic 0.261 0.406 0.529 0.796 1.328 
p-n-Propylphenylacetic 0.124 0.187 0.264 0.420 0 .723  
p-n-Butylp henylacetic 0.036 0.064 0.100 0.214 0.543 
p-n-Pentylphenylacetic 0.016 0 ,034  0.058 0.144 0.420 


Calculated n Values 
p-Methylphenylacet ic 
p-Ethylphenylacetic 3.131 2.724 2.526 2.278 2.056 
p-n-Propylphenylacetic 2.100 2.165 1.998 1.895 1.837 
p-/,-But ylphenylacetic 3.437 2.917 2.631 1.961 1.331 
p-fr-Pentylphenylacetic 2.187 1.892 1.737 1.486 1.291 
Average I I  2.713 2.424 2.223 1.905 1.628 


Scheme I-The series of mathematical approximations carried out for 
the human buccal absorption datrr inoofoing p-ulkyl phenylacetic acids 
-~ ~ 


Part A: Selection of the best-fitting T and K ,  values for each mem- 
ber of the series and determination of the lipid-aqueous 
incremental constant, n, a t  an estimated Bl value. 


Step 1-Calculate K, from the percent absorbed in 5 min. at  the 
various buffer pH's for each member acid of the series. 


Step 2-Calculate f(T).,,& for each member acid by Eq. 1 for an 
estimated B1 value. 


Step 3-Compute Texpt and K ,  values for each member acid using 
Eq. 3. 


Step 4-Calculate average K,. 


Step 5-Compute best estimate of Team, for all member acids by 
Eq. 3 using the average K,. 


Step 6-Calculate n from T,,,, values using Eq. 5 ;  then calculate 
average n. 


Part B: Selection of a member acid as the reference compound from 
the series and subsequent calculations for generating the 
theoretical f(T) versus buffer pH profile for each member 
acid. 


Step 1-Select TEomp value of p-methylphenylacetic acid (obtained 
in Step 5 of Part A) as the reference and, using the value of 
average I I  (from Step 6 of Part A), calculate Tthear for other 
members of the series (use Eq. 5). Changing the reference 
T,,,,, each time, obtain four more sets of Trheor  values as the 
last compound is p-it-pentylphenylacetic acid. 


1 
Step 2-Calculate f(T)theol for each member acid in each set using 


Ttheor  values obtained above, the K, values from Step 4 of 
Part A, and Eq. 3. 


1 


4 NONLIN 


1 
1. NONLIN 


5 


4 
Cs i = n  


c,  i = l  
Step 3-Calculate Lf(T)theor - f(T)ex,t]f for each set ot'datii. 


Select the set with the minimum sum for the following step. 


Step 4-Use the set selected above to plot . f ( T ) t h e o r  wrsm 6tiffer pH 
for each member acid. Plot.f(T),,pt points on these profiles 
to demonstrate the closeness of the fit. 


1 


4.37 a t  25"). Thus, the differences in absorption among these acids 
were attributed mainly to  the differences in the lipid-aqueous par- 
tition coefficients (4). The compounds considered in the sequence 
of approximations included p-methyl- to p-ti-pentylphenylacetic 
acids (Fig. 1A). All experimental data points for these compounds, 
except those below the 5z absorption level, were included in the 
calculations. The percent of drug absorbed in 5 min. at  the various 
buffer pH's was reexpressed in terms of the first-order rate constant 
K,. The order of mathematical approximations carried out is pre- 
sented in Scheme I. 


To arrive a t  an initial estimate of BI,  it is observed that the 
percent absorbed in 5 min. a t  pH 5 3 reaches approximately 8 7 z  
maximum absorption for p-butylphenylacetic acid and the higher 
acids in the homologous series. The significance of this observation 
is indicated by the model. When the permeability of the drug across 
the lipoidal membrane is sufficiently greater than its permeability 
across the aqueous diffusion layer, the total transport rate will be 
essentially aqueous diffusion-controlled, particularly a t  bufler 
pH < pKa of the acidic drug. Consequently, the initial estimate of 
B I , ~ ~ , ~  is 0.408 min.-l, where Bl.,xpt is the K ,  value whenf(T) = 1. 
Furthermore, the analysis of the data was carried out for a range of 
B1 corresponding to 8G95 


As indicated in Part A of Scheme I, nonlinear regression analyses 
were carried out between Steps 2 and 3 and between Steps 4 and 5. 
A subroutine DFUNC of the NONLIN program' was used on an  
IBM model 360/67 computer to obtain the best-fitting values of the 
K ,  and/or T parameters mentioned in Eq. 3. The best-fitting Tcxpt 
and K ,  values obtained in Step 3 for certain selected maximum 
absorption levels are shown in Table I. The average KO values 
calculated from the best-fitting K ,  values a t  each BI level are listed 


maximum absorption. 


I The authors gratefully acknowledge the use of the digital computer 
program NONLIN, which was supplied by Dr. Carl M. Metzler, The 
Upjohn Co., Kalamazoo, MI 49001 
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Figure 2-Profies of biiccal absorption rate function f(T) versus 
buffer p H  for the solutions of p-n-alkyl phenylacetic acids with B1 = 
0.393 min.-'. Solid curves are optimum f(T)thcor versus buffer p H  for 
the correspondingf(T),,,t points shown Jar each acid. Key: 0, pentyl; 
D, butyl; 8 ,  propyl; A, ethyl, 0, methyl; and U, H. 


at the bottom of Table I. These average K ,  values were used as 
fixed K, values for the whole series at each Bl level. Then, by using 
the subroutine DFUNC, best-fitting Tcamp values were obtained for 
each member acid shown in Table 11. 


Although it was possible to average the best-fitting computer- 
given K ,  values in this case since the values reported in the liter- 
ature for palkyl phenylacetic acids at 25" are fairly close ( 3 ,  the 
actual computer-given K ,  values of phenylacetic acid, pn-propyl- 
phenylacetic acid, and pn-pentylphenylacetic acid were not in- 
cluded in the averaging of K ,  values for the following reasons. The 
phenylacetic acid cannot be classified as p-alkyl phenylacetic acid. 
The availability of p-n-propylphenylacetic acid data only at the 
high pH range (Fig IA), where the transport is mainly membrane 
controlled, gave biased results. The computer-given K,  values for 
p-n-pentylphenylacetic acid did not fit the rank order because its 
experimental values exhibited significant scatter from the smooth 
curve shown in Fig. 1A. 


Then the n values for each Bl level were calculated from the 
best-fitting To,,, values, using Eq. 5 according to Step 6 of Part A 
of Scheme I. The average n values obtained in this manner ranged 
from 2.713 to 1.628 (Table 11). 


Part B of Scheme I deals with the selection of the best reference 
compound (one member of the series in the study). The procedure 
involves using the n value found from Part A, calculating T ~ I , , ~ ,  and 
f(T)thesr for the other members of the series, and then determining 
which reference compound gives the best-fitting f(T)thoor uersus pH 
profiles for the entire series at the selected BI level. The family of 
such theoretical . f (T)  versus pH profiles at a suitable Bl level will 
demonstrate the validity of the model and its relevance to the 
reported experimental data of Beckett and Moffat (4). 


When the data for every Ill level reported in Table I1 (T,,,, 
values) were subjected to Part B of Scheme I, the Teomp value of 
p-n-propylphenylacetic acid was found to  be the best reference 
point with which to start. The theoreticalf(T)th,,, uersus pH profiles 
based on these results at Bl = 0.393 min.-' are plotted in Fig. 2. 
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Figure 3-Profiles of buccal absorption rate .function f(T) versus 
buffer pH for the solutions of p-halogen phenylacetic acids with B1 = 
0.408 mitt.-'. Solid curves are optimum flT)theor versus buffer p H  for 
the corresponding f(T)ezpt points shown for each acid. Key: A, iodo; 
0, bromo; 4, chtoro; V,fluoro; and., H. 


The solid curves are theoretical profiles consistent with Eq. 3, and 
the plotted points are the reported experimental results converted 
to f(T)expt values using Eq. 1. Figure 2 exhibits the best calculated 
fit among the experimental and predicted values at the best esti- 
mated maximum absorption level. The,f(T)theur value of p-n-pentyl- 
phenylacetic acid in the region of pH 3 approaches unity, indicating 
thereby its almost maximum absorption tendency in the series. 
The p-n-hexylphenylacetic acid will not be expected to show any 
significant increase in the rate of buccal absorption over p-n- 
pentylphenylacetic acid at low pH. Thus, the prescribed model 
proves consistent for this series of compounds. 


p-Halogen Phenylacetic Acids-The preliminary examination of 
Fig. 1 B reveals that the percentage of p-halogen phenylacetic acids 
absorbed within the pH range of 3-7 incI,eases as the atomic weight 
of the halogen atom increases. Beckett and Moffat (4) concluded 
that when compared with p-alkyl phenylacetic acids, chlorine in- 
creases buccal absorption to approximately the same extent as a 
methyl group and iodine increases it equivalent to an ethyl group, 
but fluoro and bromo groups are about half as effective in in- 
creasing absorption as the chloro and iodo atoms, respectively. 


Table Il-Best-Fitting TeAPt and K ,  Values Obtained by the Use of 
the NONLIN Computer Program for Buccal Absorption Data of 
Phenylacetic and p-Halogen Phenylaceticc Acids 


-----B ,, min.-l--- 7 


Acid 0.277 0.322 0.408 0.460 0.599 


Best-Fitting Telpt 
Phenvlacetic 2.145 2.667 3.630 4.248 5.829 , ~ - - -  ~ - ~ -  
&Fluorophenylacet ic 1.391 1.774 2.517 2.975 4.164 
p-Chlorophenylacetic 0.347 0.564 0.983 1.238 1.911 
n-BromoDhenvlacetic 0.260 0.463 0.855 1.093 1.724 
b-Iodophenylacet ic 0.104 0.282 0.625 0.835 1.387 


Best-Fitting K ,  X lo5 
Phenylacetic 3.018 2.826 2.626 2.503 2.370 
p Fluorophenylacet ic 3.935 3.605 3.218 3.045 2.847 
p-Chlorophenylacetic 7.651 5.472 3.971 3.567 3.007 
p-Bromophenylacetic 7.812 5.101 3.494 3.092 2.559 
p-Iodophenylacet ic 14.624 6.276 3.578 2.977 2.334 


Calculated A Valuesb 
p-Halogen phenylacetic 0.462 0.091 0.004 0.006 0.029 


acids 


a Literature valuesfor Ka at  25" (5): phenylacetic acid, 4.88 X 10-5;p- 
fluorophenylacetic acid, 5.68 X 1 0 - 5 ;  p-chlorophenylacetic acid, 6.45 X 
1 0 - 5 ;  p-bromophenylacetic acid, 6.49 X 10 - 5 ;  and p-iodophenylacetic 
acid, 6.93 X 10-5. b Thesevalues were calculated by the use of Eq. 6. 
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Table IV-Lipid-Aqueous Partition Incremental Values, Calculated by Two Different Methods, for p-Halogen 
Phenylacetic Acids a t  Various Assumed B1 Levels5 


n-Fluornnhenvlacetic 1.542 1.602 1.495 1.553 1.442 1.489 1.428 1.458 1.400 1.428 ~ ~ . . ~ ~ ,  ~~~~. . ~ .  ~. ~~ r - - - - - ~  - 
p-Chlorophenylacetic 6.175 5.990 4.703 4.583 3.691 3.607 3.431 3.343 3.051 2.982 
p-Bromophenylacet ic 8.241 7.704 5.729 5.893 4.243 4.336 3.885 3.946 3.382 3.438 
p-Iodophenylacetic 20.604 22.289 9.416 9.981 5.804 6.076 5.087 5.253 5.753 4.331 


Q Values for n and n* obtained by the use of Eqs. 5 and 8, respectively 


To investigate whether our physical model approach would yield 
similar results in terms of the incremental constant, it was decided 
to subject the above data to  the physical model presented earlier. 


Because of the differences among the pKa (25") values reported 
in the literature ( 5 )  ( ix . ,  phenylacetic acid, 4.312; pfluorophenyl- 
acetic acid, 4.246; p-chlorophenylacetic acid, 4.190; pbromophenyl- 
acetic acid, 4.188; and p-iodophenylacetic acid, 4.177), it was 
decided not to average out the pKa (or K,)  values for the series. 
Since it  was not possible to  follow exactly Part A of Scheme I, 
the calculations were carried out in the following manner. From the 
experimental data points shown in Fig. lB, the values for K ,  were 
calculated. Thereafter, the corresponding ,f'(T)expt values were 
calculated using the same range of Bl used for the p-n-alkyl phenyl- 
acetic acid series, because B1 is descriptive of the permeability of the 
drug across the aqueous diffusion layer. The subroutine DFUNC of 
the NONLIN program was then utilized to obtain best-fitting 
Texpt and K, values for the /(T)ex,, t  values calculated. From the 
best-fitting Texpt values, the incremental constant, n, henceforth 
named substituent constant for halogen derivatives, was calculated 
from Eq. 5. The results of these calculations are shown in Table 
111. 


The next step was the determination of the best estimate of B1, 
and this was accomplished by obtaining values for the following 
expression a t  every assumed BI level: 


T 


The value of A from Eq. 6 will demonstrate the closeness of the fit 
between the theoretically derived and the experimental values given 
by the computer as best fits. Therefore, the best maximum ab- 
sorption level would be the one with the lowest value of A among 
all assumed levels of El .  


The pKa,.,,,t values for Eq. 6 were obtained from the best-fitting 
K, values given by the computer, and the pKatheor values were 


Table V-Buccal Absorption Data of Substituted Benzoic Acids 
Treated in Accordance with the Physical Modela Equations 


Acid 
---- B1, min.-1 -7 


0.322 0.379 0.408 0.460 0.599 


Benzoic 
o-Toluic 
rn-Toluic 
p-Toluic 


Best-Fitting TeXpt 
0.286 0.516 0.631 0.841 1.395 
0.264 0.490 0.603 0.809 1.353 
0.145 0.350 0.452 0.637 1.132 
0.008 0.144 0.231 0.389 0.807 


Best-Fitting I<, X 106 
Benzoic 13.857 9.071 7.945 6.732 5.279 
o-To1 ui c 17.118 10.888 9.497 7.988 6.239 
rn-Toluic 14.245 6.952 5.785 4.640 3.384 
p-To1 u ic 97.714 9.886 6.634 4.432 2.787 


Calculated n Valuesb 
0-Toluic 
rn-Toluic 
p-Toluic 


1.083 1.053 1.047 1.039 1.031 
1.975 1.476 1.398 1.321 1.233 


36.746 3.579 2.738 2.161 1.729 
Calculated A Valuesb 


Toluic acids 0.987 0.078 0.058 0.057 0.076 


"Literature values for Ka at 25" (5): benzoic acid, 6.27 X 10-5; 
o-toluic acid, 12.35 X 1 O-5; rn-toluic acid, 5.35 X and p-toluic acid, 
4 .24 X 10-5. Values for n and A calculated by the use of Eqs. 5 and 6 ,  
respectively. 


obtained by the use of the following expressions: 


pKatheor (fluoro derivative) = 


pKaolpt (phenylacetic acid) - 0.066 (Eq. 7u) 


pKatheor (chloro derivative) = 


pKaeXpt (phenylacetic acid) - 0.122 (Eq. 7b) 


pKatlreor (bromo derivative) = 


pKaexpt (phenylacetic acid) - 0.124 (Eq. 7c:l 


pKatbeor (iodo derivative) = 


pKaeXpt (phenylacetic acid) - 0.135 (Eq. 7 4  


These relationships were obtained from the reported literature pKa 
(25") values of phenylacetic acid and its halogen derivatives (5 ) .  
The reference pKaexpt (phenylacetic acid) for these expressions was 
the best-fitting pKa value of phenylacetic acid given by the com- 
puter. 


The examination of the values of A (Table 111) reveals the trend 
of reduction in the value as one increases B1 up to 0.408. The 
minimum value is a t  the level of B1 = 0.408. The values of the 
substituent constant, n, obtained by the use of Eq. 5 were compared 
with the following expression, which was derived from Eqs. 3 and 5: 


where subscripts pa and px stand for phenylacetic acid and p- 
halogen phenylacetic acid, respectively. The / ( T )  values in Eq. 8 
are f (T)expt  for the respective compounds, and the K ,  values are 
the computer-given best-fitting values. The value of n obtained by 
the use of Eq. 8 is the substituent effect observed between two ex- 
perimental absorption data points a t  the same buffer pH. The 
comparison of n values obtained by the use of Eqs. 5 and 8 a t  all 
maximum absorption levels points out the similarity in these values 
for each p-halogen phenylacetic acid. These values at  selected 
levels of BI are shown in Table IV. -As one is inclined to select the 
values a t  B1 = 0.408 min.-l, these results differ somewhat from the 
conclusions drawn by Beckett and Moffat (4). The values derived 
come closer to the increase in partition coefficient values reported 


Table VI-Summary of Incremental Partition Constants for Various 
Functional Groups on Certain Parent Acidic Compounds 


Incremental 
Partition 


Acid BI,  m h - 1  Constant n 
~ 


p-Alkyl phenylacetic 0 393 2.22 for CH2 
Phenylacetic/p-methylphenyl- 0.393 2.22 for p-CH, 


Phenylacetic/p-halogen 0.408 1.47 for F 


3.65 for CI 
4.29 for Br 
5.94 for I 


Benzoic/toluic 0.408 1 .05 for o-CH, 
1 .40 for m-CH3 
2.74 for p-CH, 


acetic 


phenylacetic 


n-Al kanoic 0.416 2.33 for C H p  


Q Obtained from Reference I .  
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TaMe W-Incremental Effect of Either Addition or Substitution of 
a Methylene Group, a Methyl Group, or a Halogen Atom upon the 
Partition Coefficients of Selected Acidic Compounds in Organic 
Solvent-Water Systems Reported in the Literature 


Increase in 
Partition 


Coefficient 
in Isobuta- 
nol-Water 


System" From the Data of Collander (3) 


Methylene group increment within series: 
Acetic acid -. caproic acid 2 .8  
Methyl acetate -+ ethyl acetate 2 .8  
Bromoacetic acid -. bromobutyric acid 2 . 8  
Malonic acid -. diethylmalonic acid 2 .6  
Malonic acid -c azelaic acid 2.1 
Succinic acid -. adipic acid 1.9 


Average 2.5 


Chloroacetic acid/acetic acid 2 . 2  
a-Bromobutyric acid/butyric acid 3.6 
Bromoacetic acid/acetic acid 3 .1  
a-Bromopropionic acid/propionic acid 3 . 5  
Iodoacetic acidlacetic acid 4 . 9  


Halogen substitution effect: 


Increase in 
Partition 


Coefficien t 
in Octanol- 


Water 
System* From the Data of Hansch er a/.  (7-9) 


Methylene group increment within series 
Halogen substitution effect: 


p-Fluorophenoxyacetic acid/phenoxyacetic acid 
p-Chlorophenoxyacetic acid/phenoxyacetic acid 
p-Brornophenoxyacetic acidlphenoxyacetic acid 
p-Iodophenoxyacetic acid/phenoxyacetic acid 


m-Methylbenzoic acid/benzoic acid 
p-Methylbenzoic acid/benzoic acid 
o-,Methylphenoxyacetic acidlphenoxyacetic acid 
m- Methylphenoxyacetic acid/phenoxyacetic acid 
p-Methylphenoxyacetic acid/phenoxyacetic acid 


Methyl group substitution effect: 


3.16 


I .58 
5.01 


10.47 
18.20 


0.56 
0.46 
4.79 
3.24 
3.31 


Increase in 
Partition 


Coefficient 
in n-Heptane- 
0.1 N HCI 


System" From the Data of Beckett and btoffat (10): 


Methylene group increment effect: 
7-- n-Alkanoic acids-----. 
ri-Hexanoic acid/ri-valeric acid 
rr-Heptanoic acid/ri-hexanoic acid 
u-Octanoic acidln-hcptanoic acid 
ri-Nonanoic acidln-octanoic acid 
n-Decanoic acid///-nonanoic acid 
rr-bndecanoic acidin-decanoic acid 
rr-Dodecanoic acid/n-undecanoic acid 


- ---p-Alkyl phenylacetic acids-- 
p-Ethylphenylacetic acidlp-methylphenylacetic 


p-ti- Propylphen ylacet ic acidlp-eth ylphenylacet ic 


p-/I-Butylphenylacetic acidlp-ri-propylphenyl- 


p-ri-Pentylphenylacetic acidlp-n-butylphenyl- 


p-11-Hexylphcnylacetic acidlp-ri-pentylphenyl- 


Aver age 


acid 


acid 


acetic acid 


acetic acid 


acetic acid 
Average 


Halogen substitution effect: 
p-Fluorophenylacetic acidlphenylacetic acid 
p-Chlorophenylacetic acid/phenplacetic acid 
p-Bromophenyfacetic acid/phenylacetic acid 
p-lodophenylacetic acid/phenylacetic acid 


0-Methylbenzoic acid/bunzoic acid 
m-Methylbenzoic acid/benzoic acid 


Methyl group substitution effect: 


2.75 
3.Y1 
4.51 
2.59 
2.43 
1.52 
5.18 
3.27 


2.10 


3.00 


5.32 


5.45 


I .65 


3.50 


1 .o 
6 . 0  
9 . 0  


12.0 


2.27 
2.82 


Table VII-(Conrinued) 


p-Methylbenzoic acid/benzoic acid 2.09 
8.00 2,CDimerhylbenzoic acid/benzoic ac 'd 
0.90 2,6-Dimethylbenzoic acid/bcnzoic acid 


2,4,6-Trimethylbenzoic acid/benzolc acid 31.36 
2,3,5,6-Tetramethqlbenzoic acid/benzoic acid 31.09 


a Increase in partition cocficient = parlition coefficient of derivative/ 
partition coefficicnt of parent compound. * Equivalent to the antiloga- 
rithmic value of Hansch's K constant. 


by Collander (3) for isobutanol-water systems in the same rank 
order fashion. 


The theoretical J(T) uersus buffer pH profiles for phalogen phenyl- 
acetic acids based on the model equation at B, = 0.408 m h - 1  
level are presented in Fig. 3. 


Substituted Benzoic Acid.-In this section the physical model 
approach is applied to the buccal absorption data presented in Figs. 
1C and lD,  namely, benzoic acid as the parent molecule and toluic 
acids as the substituted benzoic acids. It is hoped that the calculated 
lipid-aqueous incremental constant, n, henceforth named as posi- 
tional substituent constant for these compounds, will demonstrate 
the effect of a methyl group substitution on the ortho-, mein-, and 
para-positions of the phenyl ring of the benzoic acid molecule. 


The analytical treatment of the data followed the identical scheme 
used previously for the phalogen phenylacetic acid series. As shown 
in Table V, the best set of T,.,,,, K., aqd n was obtained with B, 
equal to 0.408 rnin.-I and was used to determine the theoretical 
J(T)  by Eq. 3. In Fig. 4 the theoretical / ( T )  uersus buffer pH profiles 
are compared with the experimental results. One does not observe 
any significant difference in the absorption rate from benzoic acid 
to o-toluic acid, since the incremental constant of the o-methyl 
group was nearly unity. However, the substitution of the methyl 
group in the mera- or para-position improves the absorption rate. 


A list of the values of the incremental partition constant, n, 
calculated by the physical model approach for the above-mentioned 
series of compounds IS presented in Table VI .  To present a com- 
parative evaluation of the lipid-aqueous partition incremental 
constants for similar acids, the values obtained from literature are 
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Figure &-Profiles of burcal nbsorpriori rate .furirtiorr f(T) versus 
buffer p H  tor the solurioris a/ methyl-subsritirred benioic acids wi th  
BI = 0.408 rniti.-l. Solid cumes are oprirnuni f(T)rhror versus buffer 
p H  for the correspoudirzg f(T)crp, poitits show/r for encli acid. Key: 
Ll, p-loluic; A ,  m-tohic; b, 0-toliiir; a d O ,  henzoic acid. 
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tabulated in Table VII. As can be seen in Table VII, the average 
increase in partition coefficient due to  a methylene group addition 
within a linear homologous series of acids has similar values if one 
selects either the octanol-water or n-heptane-0.1 N hydrochloric 
acid system. This is in disagreement with the position constants 
obtained from the buccal absorption analysis. It would indeed be 
interesting if partitioning data with the isobutanol-water system 
were available. 


Although one may obtain some information about the transport 
of nonionized drug molecules across the buccal membrane by the 
use of the regression equation suggested by Lien er al. (6) as a one- 
point comparison a t  any one particular pH, the physical model 
Eqs. 1-4 suggested in this report can provide absorption profiles of 
each acidic drug for the entire experimental buffer pH range. 


The data presented here provide further evidence that the dif- 
fusion model suggested earlier by Ho and Higuchi ( 1 )  for buccal 
absorption is consistent in the cases of p-alkyl phenylacetic, phalo-  
gen phenylacetic, and toluic acids. The model underscores the 
importance of the diffusion layer and its effect on the transport of 
nonionized drug molecules in the buccal absorption situation. 
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Biopharmaceutical Studies on Aminoethanesulfonylphenetidine and 
Related Compounds 111: Drug in Blood 


SHUN-ICHI NAITO. and KAZUO FUKUI 


Abstract 0 No effects of taurinophenetidine and nicotinoyltau- 
rinophenetidine on erythrocytolysis and methemoglobin production 
were observed. It was also found that about 4Oz of the nicotinoyl- 
taurinophenetidine, which is absorbed after its oral administration, 
is hydrolyzed in the blood of rabbits, rats, and mice. 


Keyphrases 0 Aminoethanesulfonylphenetidine-ffect on eryth- 
rocytolysis and methemoglobin production, plasma levels in 
rabbits 0 Taurinophenetidine-effect on erythrocytolysis and 
methemoglobin production, plasma levels in rabbits Nicotinoyl- 
aminoethanesulfonylphenetidine-ffect on erythrocytolysis and 
methemoglobin production, blood levels in rabbits, rats, mice 0 
Nicotinoyltaurinophenetidine-effect on erythrocytolysis and 
methemoglobin production, blood levels in rabbits, rats, mice 


The binding ratio of aminoethanesulfonylphenetidine 
(taurinophenetidine) or nicotinoylaminoethanesulfo- 
nylphenetidine (nicotinoyltaurinophenetidine) with 
serum protein in  rabbits and the excretion of taurino- 
phenetidine and its nicotinoy.1 derivative in rat feces and 
in rat and rabbit bile were previously investigated (1). 
It was also observed that taurinophenetidine has some 
analgesic and antipyretic activities and that nicotinoyl- 
taurinophenetidine has some analgesic and anti-inflam- 
matory activities but no antipyretic action (1). 


In the present study, the effect of taurinophenetidine 
and nicotinoyltaurinophenetidine on erythrocytolysis 
and methemoglobin production was examined to  de- 
termine the toxicity of these drugs before undertaking 
clinical studies. The blood levels of nicotinoyltaurino- 
phenetidine and its hydrolysis product following its 
oral administra.tion to  mice, rats, and rabbits were also 
investigated. 


EXPERIMENTAL 


In Vitro Osmotically Induced Hemolytic Action-The hemolytic 
effects of taurinophenetidine and nicotinoyltaurinophenetidine on 
rat blood were determined by the method reported by Okui and 
Uchiyama (2). 


A suspension of 0.1 ml. of rat blood in 2 ml. of sodium chloride- 
sodium citrate solution (0.6 g. of sodium citrate in 100 ml. of 0.9% 
sodium chloride solution) was centrifuged for 2 min. The residue of 
blood corpuscles thus obtained was suspended in 2 ml. of 0.9% 
sodium chloride solution. After another centrifugation, the residue 
was again resuspended in I ml. of 0.9% sodium chloride solution 
and this suspension was used for the following procedures. 


Procedure A-To 0.25 ml. of this suspension, 0.25 ml. of 0.2 M 
phosphate buffer (pH 7.4) was added and the mixture was incubated 
a t  37 =!I 2”  for 15 min. After standing for 45 min. a t  room tempera- 
ture, the mixture was centrifuged for 2 min. To 0.2 ml. of the super- 
nate, 3.3 ml. of water was added and the absorbance a t  550 nm. was 
determined. 
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Effect of Surfactants on Epidermal 
Permeability in Rabbits 


MICHAEL MEZEI' and KEVIN J. RYAN 


Abstract 0 The rate of water dcsorption of untreated and sur- 
factant-treated depilated rabbit skin was determined to supplement 
previous data of surfactant-induced changes in biological mem- 
branes. The compounds applied were petrolatum USP alone (con- 
trol) and petrolatum containing 10% polysorbate 85, 10% poly- 
oxyethylene ether 96. or 10% sorbitan trioleate. Skin slices 0.4 mm. 
thick, were placed in a constant-temperature and constant-humidity 
chamber, and water-vapor loss was continuously recorded with an 
electric microhalance. The water desorption rate was invariably 
greater with surfactant-treated than with control skin. The results 
confirm earlier findings that the tested surfactants affect membrane 
structure, thereby probably increasing permeability. 


Keyphrases 0 Surfactants-effect on epidermal permeability in  
rabbits. water desorption rates 0 Permeability. epidermal--- effect of 
surfactants, rabbits 0 Skin permeability, rabbits-effect of sur- 
factants, water desorption rates 


Nonionic surfactants are used in pharmaceutical 
formulation for various reasons, including the modi- 
fication of an active ingredient's absorption. A sur- 
factant may affect absorption of an orally administered 
drug by influencing the disintegration of a tablet and 
the solubility or dissolution of an active ingredient or 
by altering the rate of gastric emptying or intestinal 
transit. In the case of topically applied preparations, 
surfactant-induced dissolution or emulsification of 
active ingredients and changes in  ointment viscosity 
may modify the absorption process: in addition, sur- 
factants may act directly on biological membranes 
( 1 ,  2). This and other theories of the mechanisms of 
surfactant effects on drug absorption were reviewed 
recently by Gibaldi and Feldman ( 3 ) .  


Interaction between surfactant molecules and mem- 
brane components (phospholipids, proteins, and water) 
could lead to changes in structure and, consequently, 
in membrane permeability-a result that may be the 
major factor in regulating absorption processes. Ex- 
periments with rabbit skin (4-6) showed that surfac- 
tant preparations change the content, composition, 
and biosynthesis rate of epidermal phospholipids; and, 
since phospholipids are major components of biological 
membranes, these changes probably indicate changes 
in epidermal membrane structure. If, as is generally 
believed, membrane lipids constitute a barrier to water 
diffusion (7), the proportions of individual membrane 
lipids or their total amount can influence water and 
ion transport through membranes. 


The effects of surfactants on skin permeability have 
been studied by several investigators (8-13), and the 
present experiments were designed to supplement exist- 
ing data of surfdctant-induced changes in biological 
membranes (2, 4-6). There is no reliable, direct method 
for studying changes in the structure or permeability 
of isolated biological membranes; however, i f  the skin 
is viewed as a biological membrane system, changes 


in its permeability can be deduced from similar changes 
in membranes of isolated skin samples. 


Although the degree of permeability varies greatly 
with different substances (14), the rate of water desorp- 
tion could provide a useful parameter of the skin's 
barrier function. Most methods (15-23) for measuring 
water diffusion or desorption of excised skin are elab- 
orate, require special laboratory devices, and lend 
themselves to error (e.g., leakage of water vapor, lack 
of properly controlled experimental conditions, and the 
possibility of artifacts). We devised a simple, reliable 
technique using an analytical electric microbalance to  
record the weight changes of excised skin samples kept 
in a constant-temperature and constant-humidity eham- 
ber. 


EXPERIMENTAL 


The procedure for the treatment of rabbit skin was described 
previously (2). Briefly, the trunk of each rabbit ( N  = 14) was 
clipped free of hair and divided into four areas. With the first group 
of rabbits (N = 4), one area was untreated; the other three areas 
were treated daily with petrolatum USP alone or with 10% poly- 
sorbate 85' or 10% polyoxyethylene ether2. Thereafter ( N  = 10). 
the untreated area was omitted and treatment with 10% sorbitan 
trioleates in petrolatum was substituted. Throughout the study, 
the area treated with petrolatum alone was regarded as the control. 
The areas for the specific ointment preparations were selected 
randomly to compensate for possible variations in response to 
treatment due to different areas of the body. 


At the end of the 4-day treatment, one of the surfactant prepara- 
tions was applied to  the untreated and control areas. I t  was left 
there for 15 min.; then the test areas were washed with cotton 
soaked in ether to remove surface lipids as well as the ointment. 
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Figure 1-- Water loss from four samples of skitr. subjected to different 
trea/rner~ts, from one rabbit. 


1 Tween 85 ,  Atlas Chemical Industrics. Inc., Wilmington. Del. 
2 Brij 96. Atlas Chemical Industries, Inc.. Wilmington, Del. 
3 Span 8 5 ;  Atlas Chemical Industries. Inc.. Wilmington. Del. 
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Table I-Diffusional Water Loss from Petrolatum- and Surfactant-Treated Rabbit Skin 


Water Vapor (mg. water/cm.2/10 min.), Mean j= S E  
Control : Polyoxyethylene Sorbitan 


Trioleate 
Minutes (N = 14) ( N  = 14) (N = 9 ) ~  (N = 7y 


7 


Ether 96 Petrolatum Polysorbate 85 


0-10 
> 10-20 
>20-30 
> 3MO 
> 40-50 


>60-70 
> 50-60 


6.7 f 0.29 
5.0 f 0.20 
3 . 4 %  0.24 
2.3 i 0.22 
1 .3  i 0.16 
0.8 i 0.10 
0 . 5  i 0.08 


9.2 f 0.47 
6 . 9  + 0.32 
4.4 f 0.33 
1.73Z0.20 
0.6 f 0.09 


n.d.“ 
n.d. 


9 . 2 &  0.63 
6 . 2 &  0.58 
3.5 f 0.49 
1.03Z0.17 
0.3 f 0.06 


n.d. 
n.d. 


8 . 9 + 0 . 6 9  
6.5 It 0.46 
3.4 i= 0.59 
1 .4  & 0.34 
O.6=tO0.17 


n.d. 
n.d. 


a Specimens from the other rabbits were either untreated or were damaged during removal. b Not detectable. 


The rabbits were anesthetized with ether. Skin samples (about 2-3 
cm.2 X 0.4 mm. thick) were cut with a Castroviejo keratotome (24) 
and were placed immediately on a cooled glass plate; a piece mea- 
suring 1.0 was excised with a scalpel. Each piece was placed 
flat on a wire screen suspended vertically in a chamber‘ in which 
the temperature was maintained at 37” and relative humidity at 
36z .  The wire holding the sample was connected, through a small 
hole drilled in the top of the chamber, to an electronic microbalance6 
connected to a recorder6. The chart speed was set at 5 mm./min., 
and a full-scale response of 40 mg. was employed. 


RESULTS AND DISCUSSION 


Figure 1 was constructed from the recorded graph of water loss 
from four skin samples from one rabbit in the first group; the curve 
rose more sharply initially (during the first 20 min.), but leveled off 
sooner, for the surfactant-treated samples than for the untreated 
and petrolatum-treated samples. In later groups of rabbits in which 
the untreated area was omitted, the pattern observed with every 
rabbit tested was similar, the rate of water loss being greater from 
surfactant-treated than from control samples. 


As shown in Table I, at 50 min. the diffusion was almost com- 
plete from the surfactant-treated samples but was still consider- 
able from the control samples; thereafter, until 70 min. (the end of 
the experiment), the difference was even more marked. The changes 
in rate of water loss, calculated from individual data and based on 
control values (petrolatum only) as reference, were as follows. Dur- 
ing the first 10 min., the rate of loss from samples treated with poly- 
oxyethylene ether 96 was 47.3% greater than from the control 
samples. Treatment with polysorbate 85 and sorbitan trioleate prep- 
arations also considerably increased the rate of water loss; during 
the second 10-min. period, the increase was 40.7 and 35.2z7,, re- 
spectively. The relative effects of these selected surfactants were 
similar during earlier investigations (1,2,4-6), in which the morpho- 
logical and biochemical changes were greater with the polyoxy- 
ethylene ether-type surfactants than with other types. 


There was no great difference in rates of water loss in the first 
2 min. (Fig. l), during which period mainly the surface moisture 
evaporated, evidently uninfluenced by membrane permeability. 
After 2 rnin., however, when the water molecules from deeper 
layers of the tissue had to diffuse, the rate of evaporation was 
limited by the rate of diffusion, the latter being governed by both 
the water concentration and the degree of permeability of barrier 
membranes. 


There was no significant difference in the water content of sam- 
ples obtained from areas treated with petrolatum, polyoxyethylene 
ether 96, and sorbitan trioleate (Table 11). Samples treated with 
polysorbate 85 contained about 30x more water than did those 
treated with petrolatum, but after 30 min. the rate of loss was lower 
from the former and desorption was virtually complete earlier, 
despite their initially higher water concentration. This indicates 
that surfactant-induced changes in permeability played the major 
role in the control of water desorption. 


The “crossover” effect at 30-40 min. (Table I) confirms that the 
differences in rate of water loss were due to permeability changes, 


Table 11-Water Content of Petrolatum- and Surfactant-Treated 
Rabbit Skin 


~~~ ~~~ ~~~ 


Water Vapor (mg. water/ 
mg. Skina), Mean f 


S E  


Petrolatum 
( N  = 14) 


Polysorbate 85 
( N  = 14) 


1.65 f 0.08 


2.15 + 0.08 


1.74 f 0.09 


1.85 =k 0.14 


n Water content is expressed as mg. wateril mg. dried weighed skin: 
(milligrams wet weighed skin - milligrams ___-.____ dry weighed skin 


milligrams dry weighed skin 


since the present experiments were designed to eliminate or control 
most other factors that could influence the rate of removal of water 
from excised skin. Thus, the humidity and temperature of the en- 
vironment and the size and surface area of the samples were stan- 
dardized and kept constant, and the apparatus and techniques en- 
sured that the accuracy of weight loss measurement was achieved 
with maximal sensitivity and readability. 


In addition, factors that may influence the water-binding ca- 
pacity of petrolatum- and surfactant-treated skin other than by 
affecting barrier membranes were taken into account. These in- 
clude the interaction of water molecules with the absorbed sur- 
factant, diffusibility changes due to treatment-induced changes in 
the structure of the skin surface, and changes in osmosis or in col- 
lagen hydratio;. that might relate to the amount of surfactant 
absorbed. Therefore, a surfactant preparation was applied t o  both 
the untreated and the petrolatum-treated areas 15 min. before the 
samples were taken to provide some surfactant in the control sam- 
ples without inducing measurable biochemical changes (2). If 
water desorption were influenced mainly by the presence of the 
surfactant, there would be no difference in the rate of water desorp- 
tion; if any difference occurred, it should be due mainly to suc- 
factant-induced effects on biological membranes in samples treated 
with surfactant for the longer period. 


It could be argiied that the amount of surfactant in control 
samples (exposed for 15 min.) differed from the amount in treated 
samples (exposed for 4 days). However, findings in earlier studies 
(2, 4-6) of surfactant-induced effects on the content, composition, 
and biosynthesis rate of phospholipids indicated that differences in 
rates of water loss probably relate mainly to the effect of surfactant 
on biological membranes. If, as was concluded previously (4-6), 
the tested surfactants affect the epidermal barrier membranes, 
the damaged or regenerating membranes are less of a barrier to 
water diffusion than are the intact membranes in petrolatum- 
treated samples. In fact, the present results confirm this conclusion. 
Possible mechanisms of a surfactant-membrane interaction were 
described previously (2, 6). 
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Substituted Hippuramides as CNS Depressants 


LEE A. SPENCER and ROBERT F. DOERGE' 


Abstract A series of substituted hippuramides related to tricet- 
amide was prepared, and a preliminary pharmacological evalua- 
tion was performed. 


Keyphrases 0 Hippuramides, substituted-synthesis and prelim- 
inary pharmacological testing 0 CNS depressants, potential- 
synthesis and preliminary pharmacological testing of substituted 
hippuramides 


Tricetamide (trimethoxybenzamide of glycine di- 
ethylamide), reported in 1960 by Kusserow and Drapir 
(l), was investigated pharmacologically and reported 
by Cronheim et al. (2, 3) to  possess interesting sedative 
properties. Rohnert (4) also reported the synthesis of 
a series of N-substituted 3,4,5-trimethoxybenzoyl- 
glycine diethylamides. It was of interest t o  prepare 
a series of ring-substituted benzoylglycine dimethyl- 
and diethylamides in order to  compare them to tricet- 
amide with regard to  their ability to  potentiate pento- 
barbital sleeping time. 


EXPERIMENTAL' 


General Procedures-Two successful routes of synthesis were 
used. In general, the best yields were obtained by condensing the 


'All melting points were determined on a Thomas-Hoover Uni- 
Melt apparatus and are uncorrected. Elemental analyses were performed 
by F. B. Strauss Microanalytical Laboratory, Oxford, England. IR 
spectra for all compounds were recorded on a Beckman IR-8 spectrom- 
eter and were found to be in agreement with the assigned structures. 
No attempt was made to optimize the yields. The method of prepara- 
tion, yields, melting points, recrystallization solvents, molecular for- 
mulas, and analyses are shown in Table I .  


desired benzoyl chloride with glycine dimethyl- or diethylamide 
(Method A) (4). The synthesis of N-[(diethylcarbamoyl)methyl]- 
2,5-dimethylbenzamide is presented as an example. 


In some cases it was necessary to use the mixed anhydride of the 
substituted hippuric acid formed from reaction with ethyl chloro- 
formate. Dimethyl- or diethylamine was then added to  the an- 
hydride formed to  give the desired amide (Method B) ( 5 ) .  The syn- 
thesis of N-[(dimethylcarbamoyl)methyl]-2,4-dichlorobenzamide is 
presented as an example. 


Method A :  N - [(Diethylcarbamoyl)methyfl - 2,5 - dimethylbenz- 
amide-A solution of 9.1 g. (0.054 mole) of 2,5-dimethylbenzoyl 
chloride in 70 ml. anhydrous ether and a solution of 8 g. (0.062 
mole) of glycine diethylamide in 100 ml. of 8% NaHC03 solution 
were added slowly dropwise into a beaker at  such a rate that twice 
the volume of aqueous solution was added per volume of ethereal 
solution. After the addition was complete, the mixture was stirred 
vigorously for another hour. The layers were allowed to  separate. 
The ether layer was removed and dried overnight using anhydrous 
sodium sulfate. The solvent was removed and then the residue was 
recrystallized once from ethyl acetate and then twice from alcohol 
and water. A yield of 76% of theory based on the acid chloride 
was obtained. 


Method B: N- [( Dimethylcarbamoyl)methy~ - 2,4 - dichlorobenz- 
amide-A solution of  4.6 g. (0.022 mole) of 2,4-dichlorohippuric 
acid in 50 ml. of acetone and 5 ml. of 25% trimethylamine (0.034 
mole) in water was cooled to  about - 10". 


A solution of 2 ml. (0.025 mole) of ethyl chloroformate in 10 ml. 
of acetone was added with stirring at  such a rate that the tempera- 
ture was maintained at  - 10". The mixture was allowed to stand 
15 min.; then 10 ml. of 25% dimethylamine (0.056 mole) in water 
was added with stirring, keeping the temperature near - 10". 
The mixture was stirred for another hour, the ice and salt bath was 
removed, and the mixture was allowed to  stand overnight at room 
temperature. The solvent was then removed in a flash evaporator. 
The oily residue was taken up in ether, and the ether solution was 
washed with water and then dried overnight using anhydrous so- 
dium sulfate. On removal of the ether, a semicrystalline mass re- 
sulted. This was recrystallized several times from ethyl acetate. 
The yield was 1.8 g. or 39% of theory. 
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nonlinear heterogeneous one-compartment-one type of t i s s u e  
model to the dog intravenous studies. 
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Use of Thermal Gravimetric Analysis in Sorption 
Studies 11: Evaluation of Diffusivity and Solubility of a 
Series of Aliphatic Alcohols in Polyurethan 


G. W. C. HUNG and J. AUTIAN’ 


Abstract 0 A thermogravimetric analysis method was used to 
evaluate the diffusion and solubility of a series of aliphatic alcohols 
in a specific polyurethan film at several different temperatures. 
The diffusion coefficients were calculated from desorption curves 
by the use of a specific equation applied to the early stages of de- 
sorption. In general, the diffusion coefficients of the straight-chain 
alcohols increased with temperature and decreased with molecular 
weights. The branched-chain alcohols had diffusion coefficients 
lower than the nonbranched isomers. Activation energies of diffu- 
sion were also calculated and fell into the range of 9.16-14.5 kcal./ 
mole. By knowing the diffusion and the solubility coefficients, the 
permeability constants were estimated. 


Keyphrases a Alcohols, aliphatic-diffusivity and solubility in 
polyurethan films, thermogravimetric analysis Polyurethan 
films-diffusivity and solubility of aliphatic alcohols, thermogravi- 
metric analysis Diffusion coefficients of aliphatic alcohols- 
polyurethan films, thermogravimetric analysis 0 Thermogravi- 
metric analysis-diffusivity and solubility of aliphatic alcohols in 
polyurethan films 


Greater attention is now being paid to the possible 
interaction of drugs with various plastics and elastomers 
used for packaging of drugs or as various types of 
collection and administration devices. Reduction of 
potency of the drug or a preservative in the product 
due to an interaction with the plastic can pose from 
minor to  serious consequences to the patient. A previ- 
ous communication (1) from these laboratories re- 
ported on the use of thermogravimetric analysis (TGA) 


as a rapid and simple means of studying drug-plastic 
interactions. In that study a group of liquid compounds 
were first placed in contact with a specific plastic 
(nylon 66) until equilibrium was attained. The ma- 
terial was then placed into the TGA instrument, and 
the desorption was followed in a dynamic manner by 
increasing the temperature at a constant rate. The re- 
sultant thermogram then permitted an evaluation of 
the equilibrium sorption concentration and the energy 
of activation of desorption which, in turn, permitted a 
qualitative insight as to  the role the structure of the 
compound played in the sorption process. 


The present report extends these TGA studies on the 
interaction of a series of aliphatic alcohols with a spe- 
cific plastic, polyurethan. Desorption experiments per- 
mitted the calculation of the diffusion coefficients of 
these alcohols and the activation energies of diffusion. 
The equilibrium sorption concentration of each com- 
pound at  different temperatures was also evaluated. 


EXPERIMENTAL 


Materials-The following eight alcohols were used in this study: 
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l- 
propanol, 1-pentanol, and 1-octanol. All of these compounds were 
of reagent grade or of the highest purity obtainable commercially. 
They were used as such without further purification. Table I lists 
the alcohols and summarizes some physical properties for each 
compound. 
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Table I-Some Physical Properties of Alcohols 


Molecular Heat of 
Dipole Volumec, Vaporizationd, 


Formula Melting Boiling Density", Momentb V X loz3, AHv, 
Compound Weight Pointa Pointa g./cu. cm. (Debye) cu. cm./Molecule kcal./mole 


Methanol 32.04 -97.8' 64.55" 0.793 1.71 6 .71  8 . 4  
Ethanol 46.07 - 1  14.6" 78.4" 0.789 1.73 9 .69  9 . 1  
1-Propanol 60.09 -127.0" 97.2" 0.804 1.67 12 .4  8 . 8  
2-Propanol 60.09 -89.0" 82.3" 0.785 1.70 12.7 9 . 6  
1 -Butanol 74.12 -89.5" 117.7" 0.180 1.81 15.2 10.5 
2- Methyl- 1 - 74.12 -108.0" 108.4' 0.801 1.66 15 .4  


1-Pentanol 88.15 -78.5" 138.0^ 0.817 1.66 18.0 10.7 
1-Octanol 130.23 - 16.3" 195.0' 0.825 1.72 26.2 12.7 


- 


propanol 


_ _ _ _  __ __ ~~ ~ 


,T Values obtained from "Handbook of Chemistry and Phy,sics." 44th ed., The Chemical Rubber Publishing Co.. Cleveland. Ohio, 1963. b Values 
obtained from A. L. McClelland. "Tables of Experimental Dipole Moments. W. H. Freeman, San Francisco, Calif., 1963. c Molecular volume cal- 
culated from the relationship d = M/ Y by dividing the molecular weight by the density and the Avogadro number to yield the volume per molecule. 
d Heat of vaporization obtained from "Lange's Handbook of Chemistry," 9th ed., McGraw-Hill, New York, N. Y., 1956. 


The polyurethan was obtained' as a thin film. It is a thermoset 
solid polyurethan prepared by reacting a polyurethan prepolymer 
with 4,4'-methylenebis(2-~hloroaniline). Its general properties arc 
those of an elastomer. 


Preparation of Samples-Test samples were punched from the 
film with a paper punch [No. 1, 0.63-cm. (0.25-in.) diameter] to 
produce a definite size and shape (0.640cm. diameter, 0.077G 
0.0778cm. thickness, and 27.5-28.0-mg. weight). In all instances, 
test samples for each specific alcohol at a specified temperature 
were kept as uniform as possible and never exceededO.5z (thick- 
ness or weight) from sample t o  sample. Individual thicknesses and 
weights of the samples were always used, however, in the treat- 
ment of the thermogram data for obtaining the diffusion coeffi- 
cient and solubility coefficient. Prior to use in any experiment, the 
test samples were soaked in 95% alcohol for 48 hr. and then rinsed 
repeatedly with distilled water. An additional soaking in 50% ethyl 
alcohol for 24 hr. with subsequent rinsing with distilled water was 
performed. Finally the test samples were rinsed with acetone and 
dried t o  constant weight. These samples were then stored in a 
desiccator until ready for use. 


For each alcohol, a test sample was removed, weighed on an 
analytical balance to  establish its initial dry weight, and then 
placed into an all-glass sorption tube t o  which was added 10.0 ml. 
of the specific alcohol. The tube was then stoppered(screwcap with 
Teflon-faced rubber liner) and placed into a thermally controlled 
water bath adjusted to  24.0 =k 0.2". Similar samples with the same 
alcohol were entered into water baths at 30.0, 40.0, and 50.0 Z+Z 


0.2". 
Preliminary runs indicated that equilibrium sorption occurred 


within a few days t o  several weeks, depending upon the alcohol and 
the storage conditions. For uniformity, however, the sorption tubes 
with samples were kept in the water baths for exactly 30 days. 
After this time the plastic sample was removed from the test alcohol 
and excess liquid was blotted with tissue paper. Immediately (within 
70 sec.)  the plastic sample was introduced into the TGA instru- 
ment, the sample weight was recorded, and a thermogram was run. 
This same procedure was used for each alcohol studied. 
TGA for Desorption Studies-The TGA instrument and the 


method of running a desorption experiment were presented in a 
previous paper ( I ) ,  but certain modifications were made in the 
present study. In this case, the sample, the quartz hangdown tube, 
and the thermocouple (to measure the temperature of the sample) 
were all contained in a chamber which could be immersed into a 
constant-temperature bathZ adjusted t o  thesame temperature of the 
initial 30-day sorption experiments ( i . e , ,  20, 30, 40, and 50 f 0.1 "). 
A schematic diagram of this arrangement is shown in Fig. 1. 


A stream of nitrogen was passed through concentrated sulfuric 
acid and then into the chamber containing the test sample, at a 
constant flow rate of 100 ml./min., t o  flush and remove any ad- 
hering gases or decomposed gaseous products evolved during the 
desorption experiment. The gas (nitrogen), in turn, was led out of 


1 From Molded Products Co., Easthampton, Mass., under the code 


2 Sero-Utility Bath, model 82, Precision Scientific Co., Chicago, I l l .  
number M P950. 


the chamber into a series of gas-washing bottles. When equilibrium 
temperature was achieved in the chamber (2  min.), the instrument 
was turned on and the weight loss ccrsus time was recorded on 
chart paper until a constant weight was obtained. This isothermal 
thermogram was used for evaluation of the diffusivity of the com- 
pound being studied. To ensure reproducibility, at least two test 
samples for each alcohol (at each sorption temperature) were run. 
The relative precision of the calculated diffusion coeficients for 
each alcohol was 3 . 0 z  or less between and among test samples 
run, indicating an acceptable level of reproducibility. 


Analysis of Thermograms to Calculate Diffusion C&cient- 
For many solute-polymer systems, the diffusion coefficient will be 
a function of penetrant concentration and will require (for the ap- 
propriate boundary conditions and concentration dependence) 
a solution to  Fick's second law of diffusion : 


where C is the concentration of the solute, t is the time, x is the 
distance along the direction of diffusion, and D(C) is the concentra- 
tion-dependence differential diffusion coefficient. Since sorption 
data will generally not reveal the boundary conditions, Eq. 1 cannot 
be solved in a straightforward manner. Other mathematical ap- 
proaches must be used t o  evaluate the diffusion coefficient, which 
then can be considered as some average value depending upon the 
specific method of analysis. These approaches were reviewed by 
several authors (2-5). 
In this paper the diffusion coefficient has been calculated from 


desorption data taken from the early stages of desorption, in which 


O U  IN 


Figure 1 
ciesorptiori experiment. 


Srhema!ir represui10t1'017 of the TCA iiistnrntetit hr a 
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60 ,q, Figure 2-Plots of fractional loss of alcohols from polyurethan 
versus time during desorpiion experiments (SO"). 


time period the situation approximates the diffusion out of a semi- 
infinite medium. The mathematical expressions were then modified 
from the approximated numerical solution of Eq. 1 for particles 
diffusing into or out of a plane sheet in the form: 


where C is the total average concentration per unit area measured 
at time t; C/ and C, are the final and initial csncentrations, respec- 
tively, per unit area within the plane sheet; (C - CJ) is the quantity 
of liquid per unit area of the plane sheet remaining in the solid at 
time t; and L is the thickness of the plane sheet. 


For the-TGA method used in this study, however, one can 
measure (C - C,)  as a function of time during the desorption pro- 
cess by simply weighing a sheet of solid that previously was soaked 
in the testing liquids until the establishment of equilibrium. 
If the weight is represented by W(r) at time t, then: 


(Eq. 3) 


(Eq. 4) 


C - C,  = W(t)  - W( m) = Q(t)  


C; - C, = W(0) - W ( m )  = Q ( m )  


and : 


and Eq. 2 becomes: 


where Q ( t )  is the weight of liquid per unit area of the plane sheet 
remaining in the solid at time t, and Q( m) is the total weight of 
liquids diffusing out of the plane sheet at infinite time. If t is suffi- 


- 
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Figure 3-Plots of fractional loss of I-octanol from polyurerhan 
versus time at 24,30,40, and 50". 
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Figure 4-Effecl of the number of carbon atoms on the diffusion o 
alcohols in polyurethan at 24,30,40, and50". 


ciently large, Eq. 5 can be reduced to: 


or, in logarithmic form, to: 


Equation 7 is a linear equation; thus, for any desorption exper- 


Table 11-Diffusion and Solubility Coefficients of a Series of 
Aliphatic Alcohols in a Polyurethan 


~~ ~~ ~~ ~~ 


Tem- D X lo8, S, g. Solute/g. 
Alcohol perature cm. 2/sec. Plastic 


Methanol 


Ethanol 


I-Propanol 


2-Propanol 


1-Butanol 


2-Methyl-1-propanol 


1-Pentanol 


1 -0ctanol 


24" 
30 O 


40" 
50 O 


24 a 


30 O 


40 
50 O 


24 
30" 
40 O 


50 
24 O 


30 O 


40 O 


50 
24 
30" 
40 O 


50" 
24" 
30 
40" 
50 
24 a 
30 O 


40" 
50 
24" 
30" 
40' 
50 


4.44 
5.42 


10.6 
14.3 


2.88 
4.20 
6.84 


2.55 
3.16 
6.21 


0.970 
2.20 
4.24 
8.09 
2.16 
2.83 
5.26 
8.80 
1 .oo 
1.85 
3.56 
6.93 
1.56 
2.47 
4.27 
7.02 
0.295 
0.497 
0.713 
0.810 


11.9 


10.4 


0.2336 
0,2400 
0.2631 
0.2698 
0.2760 
0.2686 
0,2786 
0.2893 
0.2602 
0.3221 
0,3527 
0.3882 
0.2115 
0.2356 
0.2722 
0.2806 
0.3461 
0.3343 
0.3647 
0.3825 
0.2765 
0.2920 
0.3595 
0.4106 
0.3641 
0.3711 
0.3811 
0.3940 
0.2670 
0.3060 
0.3021 
0.3412 
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Figure 5-Effect of molecular volume on the diffusion of alcohols at 
24,30,40, and 50”. 


iment, a plot of log Q(t) /Q(  m )  uersus time should reveal a linear 
relationship from which D can be calculated from the slope. 


In practice, desorption data were taken directly from the thermo- 
grams, recalculated as log Q(l) /Q(  m )  versus time, and the slopes 
were calculated by the least-squares method by means of an IBM 
360 computer using FORTRAN IV. Linear relations for Eq. 7 were 
found to  exist in the range of 0 to approximately 50% desorption, 
so only these values were used for calculating the slopes. 


RESULTS AND DISCUSSION 


Figure 2 shows a plot of log Q ( t ) / Q ( m )  versus time for methanol, 
ethanol, I-propanol, 2-propanol, I-butanol, 2-methyl-1-propanol, 
and 1-pentanol derived from desorption thermograms at 50”. 
The results reveal the general linearity as predicted by Eq. 7 during 
the early stages of desorption, with the lines becoming slightly 
curved as desorption extends past log Q(t ) /Q(m)  equal to -0.3 
(or 50% desorption). Similar data for I-octanol are presented in 
Fig. 3 for desorption studies at 24, 30, 40, and 50”. Calculated D 
values for each alcohol at each temperature are included in Table 11. 
In the same table are included the solubility coefficient of the pene- 
trant in the polyurethan at each temperature. 


Activation energies of diffusion (Ed) for each alcohol were also 
evaluated from the Arrhenius relation by plotting log D uersus 
the reciprocal of absolute temperature. These values are shown in 
Table 111. 


As might be expected, the diffusivity increased with temperature 
(Table 11). If one excludes 2-propanol and 2-methyl-1-propanol 
from the series, the addition of another carbon in the alcohol chain 
increases the diffusion coefficient by a nearly constant factor at each 
specific temperature (Fig. 4). The two branched alcohols (2- 
propanol and 2-methyl-1-propanol) have D values lower than 
their straight-chain isomers (Table 11). This indicates that as the 
cross-sectional areas of these alcohols increase, greater hindrance 
is presented for passage through the polymer. Similar results were 
reported by others (6, 7) for different penetrant-polymer systems. 


Table Ill-Activation Energies of Diffusion for a Series of 
Aliphatic Alcohols in a Polyurethan 


Alcohol Ed, kcal./mole 


Methanol 9.16 
Ethanol 9.93 
1-Propanol 10.4 
2-Propanol 14.5 
I-Butanol 10.2 
2-Methyl- 1 -propano1 13.4 
1-Pentanol 10.5 
1-Octanol 12.1 


Table IV-Permeability Coefficients of a Series of Aliphatic 
Alcohols through a Polyurethan 


Alcohol 
P x 108, 


Temperature cm.*/sec. 


Methanol 


Ethanol 


I-Propanol 


2-Propanol 


1-Butanol 


2-Methyl- 1-propanol 


1 -Pen tanol 


1-Octanol 


24 
30 
40 
50 ” 
24 ’ 
30“ 
40 ’ 
50 ’ 
24 ’ 
30’ 
40 ’ 
50 
24 ’ 
30 
40 ’ 
50 
24 ’ 
30’ 
40 
50’ 
24 ’ 
30 
40’ 
50’ 
24” 
30 
40 
50 ’ 
24 a 


30“ 
40 O 


50 


1.04 
1.30 
2.80 
3.87 
0.795 
1.13 
1.91 
3.45 
0.664 
1.02 . ~~ 


2.19 
4.05 
0.205 
0.518 
1.15 
2.27 
0.748 
0.946 
1.92 
3.37 
0.277 
0.54 
1.28 
2.85 
0.568 
0.917 
1.63 
2.77 
0.0787 
0.152 
0.215 
0.618 


Figure 5 shows the relationship of D to the molecular volume of 
each alcohol studied in the series. It is obvious that all lines show 
the same general linearity as those for D versus carbon length 
(Fig. 4), indicating that both factors (chain length and molecular 
volume in the homogeneous liquid phase) are directly correlated 
with each other and that their effects on diffusivity in the hetero- 
geneous solid state are similar. The effect of chain length on the 
diffusivity may be interpreted as a direct reflection of the molecular 
motion of the molecule in the polymer matrix, while the effect of 
molecular volume on the diffusivity is generally correlated with the 
availability of the free volume between polymer chains for diffusion 
flow following the “hole theory” of Glasstone ef af.  (8). 


The activation energies (Table 111) for straight-chain aliphatic 
alcohols diffusing in polyurethan film ranged from 9.16 kca1.l 
mole (for methanol) to 12.1 kcal./mole (for I-octanol). Since the 
energy required to  “open a hole” in the polymer to accommodate a 
diffusing molecule will bear a direct relationship to the activation 
energy of diffusion, larger molecules in a related series will have 
larger activation energies and slower diffusion rates. This is in con- 
formity with the observations made here. 


A comparison of the heat of vaporization (AH,)  listed in Table 
I to the activation energies ( E d )  shown in Table 111 reveals an ap- 
proximate correlation, suggesting but not proving that bonding 
or interaction of these alcohols with the polyurethan chains may 
be similar to  intermolecular bonding of the alcohols in the liquid 
state, namely, hydrogen bonding. Since polyurethan has a number 
of polar groups (such as urethan groups), f he alcohols could interact 
with these groups primarily through hydrogen-bond formation. 
It is also possible that other secondary forces, such as hydrophobic 
bonding, play a role in the interaction. Hydrophobic bonding for 
solute-polymer interactions was discussed by other investigators (5).  


The importance of the hydrophobic character of the straight- 
chain alcohols in the series studied could not be proved from the 
present experimental data. Some minor support for the importance 
of the hydrophobic character of the alcohols was reflected in the 
solubility coefficients shown in Table 11. If one excludes I-propanol 
and the two isomeric alcohols (2-propanol and 2-methyl-1-pro- 
panol), the solubility increased as the hydrophobic character in- 
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creased up to 1-octanol, which then showed a decrease. The 
decrease in the solubility coefficient for 1-octanol simply may re- 
flect that the number of “holes” in the polymer t o  accommodate 
the larger 1-octanol molecule is less than for the smaller molecular 
weight alcohols. 


Since the permeability coefficient is a product of the diffusion 
coefficient and the solubility coefficient or P = DS,  the permeability 
coefficients for the group of alcohols were calculated (Table IV). 
This simple relationship holds for the permeation process when D 
obeys Fick‘s diffusion law and S obeys Henry’s law (5 ,  9). It is not 
certain with the penetrant-polymer system used in this study if 
in fact one or both laws are actually obeyed, particularly since it is 
known that penetrant-polymer interactions generally lead to 
variable D values. Therefore, the P values shown in Table IV 
should be considered as estimates of the permeability coefficients. 
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Interactions of Dimethyl Sulfoxide with 
Lipid and Protein Monolayers 


N. D. WEINER’, M. Y. LU, and M. ROSOFF 


Abstract 0 Phospholipids, cholesterol, protein, and mixed phos- 
pholipid-protein monolayers were used as models to study inter- 
actions between dimethyl sulfoxide and cell membranes. Surface 
pressure measurements were used to study these dimethyl sulf- 
oxide-film interactions. While films of dipalmitoyl lecithin, egg 
lecithin, and cholesterol showed no interaction with dimethyl 
sulfoxide, films of bovine serum albumin exhibited a significant 
condensation effect. The degree of film condensation was found 
to be a function of pH and dimethyl sulfoxide concentration in the 
subphase. It was postulated that the observed effect of dimethyl 
sulfoxide on albumin films is due to the loss of protein from the 
surface. Lipid-protein films showed only small condensation effects 
in the presence of dimethyl sulfoxide, indicating that the phospho- 
lipids protect the protein from attack by dimethyl sulfoxide. 
These studies indicate that the remarkable penetration abilities 
of dimethyl sulfoxide may be due to some alteration of protein 
structure as a result of dehydration at the biomembrane. 


Key phrases 0 Lipid monolayer films-interactions with dimethyl 
sulfoxide, surface pressure-surface area curves 0 Protein mono- 
layer films-interactions with dimethyl sulfoxide, surface pressure- 
surface area curves 0 Lipid-protein monolayer films-interac- 
tions with dimethyl sulfoxide, surface pressure-surface area 
curves 0 Dimethyl sulfoxide-interactions with lipid, protein, 
and lipid-protein monolayer films, surface pressure-surface area 
curves Monolayers, lipid and protein-interactions with di- 
methyl sulfoxide, surface pressure-surface area curves 


Although dimethyl sulfoxide has been reported to 
possess a number of desirable therapeutic properties 
(1-3), the potential medical hazards associated with 


its use (4) have limited its widespread use in humans. 
There have also been numerous reports concerning the 
ability of dimethyl sulfoxide to penetrate rapidly 
human skin and to enhance the percutaneous absorp- 
tion of materials dissolved therein (5 ,  6). While the 
utility of dimethyl sulfoxide in promoting percu- 
taneous absorption is well documented, few studies 
have appeared concerning its mechanism of action upon 
the barrier to absorption through the skin. White it has 
been suggested that dimethyl sulfoxide exerts its 
effect by causing a swelling or expansion of the 
protein fibers of the skin barrier (7), a lipid extraction 
effect (8) also has been implicated to account for the 
rapid penetration effects caused by dimethyl sulfoxide. 


Monomolecular films have been widely used to eluci- 
date interactions that occur between various substances 
and membrane components. The mechanisms of ac- 
tion of polyene antibiotics (9), anesthetics (lo), air 
pollutants (1 l), and other agents have been elucidated, 
to some degree, at  the cellular level by the use of mono- 
molecular films. 


Since the activity of dimethyl sulfoxide seems to be 
related to its ability to permeate cell membranes (12, 
13), it is of interest to investigate the effects of dimethyl 
sulfoxide on monolayers of components found in bio- 
logical membranes. This paper presents data on the 
interactions of dimethyl sulfoxide with monolayers of 
lipids, protein, and lipid-protein mixed films. 
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Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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tabulated in Table VII. As can be seen in Table VII, the average 
increase in partition coefficient due to  a methylene group addition 
within a linear homologous series of acids has similar values if one 
selects either the octanol-water or n-heptane-0.1 N hydrochloric 
acid system. This is in disagreement with the position constants 
obtained from the buccal absorption analysis. It would indeed be 
interesting if partitioning data with the isobutanol-water system 
were available. 


Although one may obtain some information about the transport 
of nonionized drug molecules across the buccal membrane by the 
use of the regression equation suggested by Lien er al. (6) as a one- 
point comparison a t  any one particular pH, the physical model 
Eqs. 1-4 suggested in this report can provide absorption profiles of 
each acidic drug for the entire experimental buffer pH range. 


The data presented here provide further evidence that the dif- 
fusion model suggested earlier by Ho and Higuchi ( 1 )  for buccal 
absorption is consistent in the cases of p-alkyl phenylacetic, phalo-  
gen phenylacetic, and toluic acids. The model underscores the 
importance of the diffusion layer and its effect on the transport of 
nonionized drug molecules in the buccal absorption situation. 
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Biopharmaceutical Studies on Aminoethanesulfonylphenetidine and 
Related Compounds 111: Drug in Blood 


SHUN-ICHI NAITO. and KAZUO FUKUI 


Abstract 0 No effects of taurinophenetidine and nicotinoyltau- 
rinophenetidine on erythrocytolysis and methemoglobin production 
were observed. It was also found that about 4Oz of the nicotinoyl- 
taurinophenetidine, which is absorbed after its oral administration, 
is hydrolyzed in the blood of rabbits, rats, and mice. 


Keyphrases 0 Aminoethanesulfonylphenetidine-ffect on eryth- 
rocytolysis and methemoglobin production, plasma levels in 
rabbits 0 Taurinophenetidine-effect on erythrocytolysis and 
methemoglobin production, plasma levels in rabbits Nicotinoyl- 
aminoethanesulfonylphenetidine-ffect on erythrocytolysis and 
methemoglobin production, blood levels in rabbits, rats, mice 0 
Nicotinoyltaurinophenetidine-effect on erythrocytolysis and 
methemoglobin production, blood levels in rabbits, rats, mice 


The binding ratio of aminoethanesulfonylphenetidine 
(taurinophenetidine) or nicotinoylaminoethanesulfo- 
nylphenetidine (nicotinoyltaurinophenetidine) with 
serum protein in  rabbits and the excretion of taurino- 
phenetidine and its nicotinoy.1 derivative in rat feces and 
in rat and rabbit bile were previously investigated (1). 
It was also observed that taurinophenetidine has some 
analgesic and antipyretic activities and that nicotinoyl- 
taurinophenetidine has some analgesic and anti-inflam- 
matory activities but no antipyretic action (1). 


In the present study, the effect of taurinophenetidine 
and nicotinoyltaurinophenetidine on erythrocytolysis 
and methemoglobin production was examined to  de- 
termine the toxicity of these drugs before undertaking 
clinical studies. The blood levels of nicotinoyltaurino- 
phenetidine and its hydrolysis product following its 
oral administra.tion to  mice, rats, and rabbits were also 
investigated. 


EXPERIMENTAL 


In Vitro Osmotically Induced Hemolytic Action-The hemolytic 
effects of taurinophenetidine and nicotinoyltaurinophenetidine on 
rat blood were determined by the method reported by Okui and 
Uchiyama (2). 


A suspension of 0.1 ml. of rat blood in 2 ml. of sodium chloride- 
sodium citrate solution (0.6 g. of sodium citrate in 100 ml. of 0.9% 
sodium chloride solution) was centrifuged for 2 min. The residue of 
blood corpuscles thus obtained was suspended in 2 ml. of 0.9% 
sodium chloride solution. After another centrifugation, the residue 
was again resuspended in I ml. of 0.9% sodium chloride solution 
and this suspension was used for the following procedures. 


Procedure A-To 0.25 ml. of this suspension, 0.25 ml. of 0.2 M 
phosphate buffer (pH 7.4) was added and the mixture was incubated 
a t  37 =!I 2”  for 15 min. After standing for 45 min. a t  room tempera- 
ture, the mixture was centrifuged for 2 min. To 0.2 ml. of the super- 
nate, 3.3 ml. of water was added and the absorbance a t  550 nm. was 
determined. 
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Figure 1-Znhibition of heat-induced hemolysis. Key: 0, nicotinoyl- 
taurinophenetidine hydrochloride; 0, sodium salicylate; and A, 
taurinophenetidine hydrochloride. 


Procedure B-To 0.25 ml. of the suspension, 0.25 ml. of 0.2 M 
phosphate buffer containing a test compound was added and the 
mixture was treated as described above. Taurinophenetidine, nico- 
tinoyltaurinophenetidine, or saponin was used as the test com- 
pound. 


Procedure C-To 0.25 ml. of the suspension, 8.5 ml. of water was 
added to cause complete hemolysis of the red blood cells. After 
centrifugation, the supernate was collected and its absorbance at  
550 nm. was determined. 


The absorbance of supernate B or C was determined at  550 nm. 
and compared with the absorbance of supernate A as a control; the 
percent hemolysis was determined as follows: 


X 100 (Eq. 1) 
absorbance (B - A) hemolysis (%) = -______ absorbance (C - A) 


Effect of Sodium Salicylate, Taurinophenetidine, and Nicotinoyl- 
taurinophenetidine on Erythrocytolysis with Heat-The procedure 
was the same as the method reported by Glenn et al. (3) and Nakan- 
ishi et ul. (4). A blood sample was obtained from a male rat (Wistar 
strain, average weight 200 g.) by decapitation. The test compound 
was dissolved in phosphate buffer (pH 7.4, water was added to a 
mixture of 19 ml. of 0.2 M NaH2P04 and 81 ml. of 0.2 M NatHP04 
to make 200 ml.). 


Methemoglobin E'roductioii-Heparinized venous blood from 
male rabbits (average weight 3.0 kg.) was used as a source of 
erythrocytes. Oxyhemoglobin and methemoglobin concentrations in 
the incubation mixture of hemoglobin and taurinophenetidine, 
nicotinoyltaurinophenetidine, or /3-naphthol were determined by 
the method described by Harley and Mauer ( 5 ) .  


Blood Level of Taurinophenetidine after Intravenous Administra- 
tion to Rabbits-To three male rabbits (average weight 2.0 kg.), 
80 mg./kg. of taurinophenetidine (30 ml. of 0.83% NaCl solution 
was added to 160 mg. of taurinophenetidine to make an isotonic 
solution) was administered intravenously. Taurinophenetidine in 
rabbit plasma was determined by the modified Folin method (6) 
at 30-min. intervals for 2 hr. after its administration. 


1 2 
HOURS AFTER ADMINISTRATION 


Figure 2-Mean blood level of taurinophenetidine after intravenous 
udministrution of80 rng.lkg. of taurinophenetidine to rabbits. 


1 2 a 7 
HOURS AFTER ADMINISTRATION 


Figure 3- Mean plasma levels of nicoiinoyltaurinophenetidine and 
nicotinic acid in three rabbits (body weight 3.2 kg.) after oral ad- 
ministration of nicotinoyltaurinophenetidine in 220-rng.lkg. dose 
each. Key: 0, unchanged nicotinoyltaurinophenetidine; and B, 
nicotinic acid from hydrolysis of nicotinoyltaurinophenetidine in 
blood. 


Determination of Nicotinoyltaurinophenetidine and Its Hydrolyzed 
Product in Animal Blood-Nicotinoyltaurinophenetidine, screened 
through 100 mesh, was suspended in 0.2% tragacanth solution and 
this suspension was administered to animals orally. Unchanged 
nicotinoyltaurinophenetidine and its hydrolysis product, free nic- 
otinic acid, were assayed in animal blood by a method reported 
previously, using barbital buffer (7) and ammonia buffer (1, 7), 
respectively. 


A B  A B  A B  A B  A B  
0.5 1.0 2.0 4.0 7.0 


HOURS AFTER ACIMINISTRATION 


Figure &Mean plasma level of nicotinoyltaurinophenetidine and 
nicotinic acid in rats after oral administration of nicotinoyltaurino- 
phenetidine. Key: A,  350-mg.lkg. dose; B, 225-mg.lkg. dose; D, 
unchanged nicotinoyltaurinophenetidine : and B, nicotinic acid. Blood 
sample was collected from three rats ( Wistar strain, body weight 
210 f I 0  g.)  after decapitation at every sampling time. 
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Figure 5-Mean plasma level of nicotinoyltaurinophenetidine and 
nicotinic acid in mice after oral administration of nicotinoyltaurino- 
phenetidine. Key: A, 350-mg.Ikg. dose; B, 225-mg.lkg. dose; U, un- 
changed nicotinoyltaurinophenetidine: and fl, nicotinic acid. Blood 
snmple was collected from 10 mice (dd strain, body weight 21 + I g . )  
afier decapitatioir at every sampling time. 


RESULTS AND DISCUSSION 


The hemolytic action of taurinophenetidine, nicotinoyltaurino- 
phenetidine, and saponin’ on rat blood was determined at three 
concentration levels, and their hemolysis rates (percent) were calcu- 
lated. The hemolytic actions of taurinophenetidine on rat blood 
were0.5 =t 0.3,0.6 f 0.2, and0.3 f 0.2%(mean f SE)at 50, 100, 
and 200 mcg./ml. in final concentration, respectively; those of nico- 
tinoyltaurinophenetidine were 0.3 k 0.2, 0.4 & 0.3, and 2.1 =t 
0.2zat  50,100, and 200mcg./ml. in final concentration, respectively. 
The hemolytic action of saponin was determined for the sake of 
comparison, and the values were 15.3 =k 5.2,78.7 f 6.8, and 90.0 f 
8.5% at 40,80, and 120 mcg./ml. in final concentration, respectively. 
These results indicate that the percentage of hemolysis due to 
taurinophenetidine is not significantly different from zero at any 
concentrations employed (to.a25 = 3.2, df = 3), while that of the 
nicotinoyl derivative is significant only at  200 mcg./ml. 


The protective effect of taurinophenetidine and nicotinoyl- 
taurinophenetidine on heat-induced erythrocytolysis (3) in vitro 
was determined to see whether the chemical inhibits inflammatory 
reactions. Taurinophenetidine and its nicotinoyl derivative have a 
stabilizing action (Fig. l), but anti-inflammatory action was not 
observed in taurinophenetidine on rat edema induced by carragee- 
nin (1). 


Changes in hemoglobin were investigated with respect to the 
formation of methemoglobin that occurs when erythrocytes are 
incubated with these test compounds. Erythrocytes were incubated 
for 2 hr. with each test substance in a molar ratio of 4: 1 to hemo- 
globin. Oxyhemoglobin and methemoglobin concentrations of the 
incubation mixture of the chemical and hemoglobin at zero time 
were 95.0 and 2.2x in 8-naphthol, 99.2 and 0.8% in taurinophene- 
tidine, and 101.7 and 0% in nicotinoyltaurinophenetidine, respec- 
tively. Oxyhemoglobin and methemoglobin concentrations 2 hr. 
after the incubation were 68.8 and 7.8% in p-naphthol, 98.3 and 
0.9% in taurinophenetidine, and 97.4 and 1.7z in nicotinoyl- 
taurinophenetidine, respectively. The sum of the concentrations of 
oxyhemoglobin and methemoglobin decreased in the incubation 
mixture of 8-naphthol and hemoglobin but not in that of taurino- 
phenetidine or nicotinoyltaurinophenetidine and hemoglobin. 
These results indicate that neither taurinophenetidine nor nico- 
tinoyltaurinophenetidine has any effect on “intact” hemoglobin 
( S ) ,  differing from the results with 8-naphthol which was used as a 
comparison. 


1 Merck. 


The mean plasma levels of taurinophenetidine after intravenous 
administration to rabbits are shown in Fig. 2. The extrapolated 
plasma level of taurinophenetidine obtained graphically a t  zero 
time is about 68 mcg./ml. On the other hand, the extrapolated 
plasma level of taurinophenetidine at  zero time after its oral ad- 
ministration (250 rng./kg.) is about 90 mcg./ml. (6). The average 
body weight of the rabbits used for intravenous and oral administra- 
tions was the same (2.0 kg.). If the extrapolated blood level of 
taurinophenetidine is proportional to dose after intravenous 
administration, the calculated extrapolated blood level of taurino- 
phenetidine at  zero time after intravenous administration of 250 
mg./kg. of taurinophenetidine would be expected to be: 


250 X 2 ~ 


80 X 2 
68 X -__ 211 (mcg./ml.) 


Therefore, bioavailability of orally administered taurinophenetidine 
is estimated by this method to be: 


211 90 X 100 + 42.6 (%) 


However, the method of estimation used above would always give 
an underestimate of the true bioavailability after oral administra- 
tion. 


In a previous work (l), blood levels of nicotinoyltaurinopheneti- 
dine in rabbits, rats, and mice were determined using ammonia 
buffer. Previously, quantitative determination of nicotinoyltaurino- 
phenetidine and its metabolites in blood was examined by TLC, but 
no metabolites were found. However, nicotinoyltaurinophenetidine 
was extracted with chloroform before the TLC, and the extraction 
procedure usually resulted in some quantitative loss. Therefore, in 
the present work, nicotinoyltaurinophenetidine and nicotinic acid 
from hydrolysis of nicotinoyltaurinophenetidine in the blood of 
rabbits, rats, and mice were determined after the oral administration 
to ascertain whether hydrolysis of nicotinoyltaurinophenetidine 
occurred in blood or not. However, the blood level of nicotinoyl- 
taurinophenetidine after oral administration was previously re- 
ported (1) only in rabbits and, therefore, two doses of this compound 
were given to mice and rats. In the case of rabbits, only one dose, 
220 mg./kg. of nicotinoyltaurinophenetidine was administered. 
This dose is almost equal to the average of the 300-, 225-, and 150- 
mg./kg. doses used in the previous study (1). Neither nicotinoyl- 
taurinophenetidine nor nicotinic acid was observed in blood (rab- 
bits, rats, and mice) 10 hr. after the administration. About 40% of 
nicotinoyltaurinophenetidine absorbed was hydrolyzed in the blood 
of rabbits, rats, and mice, as shown in Figs. 3-5. 


In conclusion, taurinophenetidine and its nicotinoyl derivative 
were not found to cause either erythrocytolysis or the production 
of methemoglobin in in virro and laboratory animal studies. Pre- 
vious studies showed that these compounds were useful as anal- 
gesics and anti-inflammatory agents. Therefore, clilrical trials ap- 
pear to be warranted and should be apparently safe with respect 
to toxic blood effects. 
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Substituted Hippuramides as CNS Depressants 


LEE A. SPENCER and ROBERT F. DOERGE' 


Abstract A series of substituted hippuramides related to tricet- 
amide was prepared, and a preliminary pharmacological evalua- 
tion was performed. 


Keyphrases 0 Hippuramides, substituted-synthesis and prelim- 
inary pharmacological testing 0 CNS depressants, potential- 
synthesis and preliminary pharmacological testing of substituted 
hippuramides 


Tricetamide (trimethoxybenzamide of glycine di- 
ethylamide), reported in 1960 by Kusserow and Drapir 
(l), was investigated pharmacologically and reported 
by Cronheim et al. (2, 3) to  possess interesting sedative 
properties. Rohnert (4) also reported the synthesis of 
a series of N-substituted 3,4,5-trimethoxybenzoyl- 
glycine diethylamides. It was of interest t o  prepare 
a series of ring-substituted benzoylglycine dimethyl- 
and diethylamides in order to  compare them to tricet- 
amide with regard to  their ability to  potentiate pento- 
barbital sleeping time. 


EXPERIMENTAL' 


General Procedures-Two successful routes of synthesis were 
used. In general, the best yields were obtained by condensing the 


'All melting points were determined on a Thomas-Hoover Uni- 
Melt apparatus and are uncorrected. Elemental analyses were performed 
by F. B. Strauss Microanalytical Laboratory, Oxford, England. IR 
spectra for all compounds were recorded on a Beckman IR-8 spectrom- 
eter and were found to be in agreement with the assigned structures. 
No attempt was made to optimize the yields. The method of prepara- 
tion, yields, melting points, recrystallization solvents, molecular for- 
mulas, and analyses are shown in Table I .  


desired benzoyl chloride with glycine dimethyl- or diethylamide 
(Method A) (4). The synthesis of N-[(diethylcarbamoyl)methyl]- 
2,5-dimethylbenzamide is presented as an example. 


In some cases it was necessary to use the mixed anhydride of the 
substituted hippuric acid formed from reaction with ethyl chloro- 
formate. Dimethyl- or diethylamine was then added to  the an- 
hydride formed to  give the desired amide (Method B) ( 5 ) .  The syn- 
thesis of N-[(dimethylcarbamoyl)methyl]-2,4-dichlorobenzamide is 
presented as an example. 


Method A :  N - [(Diethylcarbamoyl)methyfl - 2,5 - dimethylbenz- 
amide-A solution of 9.1 g. (0.054 mole) of 2,5-dimethylbenzoyl 
chloride in 70 ml. anhydrous ether and a solution of 8 g. (0.062 
mole) of glycine diethylamide in 100 ml. of 8% NaHC03 solution 
were added slowly dropwise into a beaker at  such a rate that twice 
the volume of aqueous solution was added per volume of ethereal 
solution. After the addition was complete, the mixture was stirred 
vigorously for another hour. The layers were allowed to  separate. 
The ether layer was removed and dried overnight using anhydrous 
sodium sulfate. The solvent was removed and then the residue was 
recrystallized once from ethyl acetate and then twice from alcohol 
and water. A yield of 76% of theory based on the acid chloride 
was obtained. 


Method B: N- [( Dimethylcarbamoyl)methy~ - 2,4 - dichlorobenz- 
amide-A solution of  4.6 g. (0.022 mole) of 2,4-dichlorohippuric 
acid in 50 ml. of acetone and 5 ml. of 25% trimethylamine (0.034 
mole) in water was cooled to  about - 10". 


A solution of 2 ml. (0.025 mole) of ethyl chloroformate in 10 ml. 
of acetone was added with stirring at  such a rate that the tempera- 
ture was maintained at  - 10". The mixture was allowed to stand 
15 min.; then 10 ml. of 25% dimethylamine (0.056 mole) in water 
was added with stirring, keeping the temperature near - 10". 
The mixture was stirred for another hour, the ice and salt bath was 
removed, and the mixture was allowed to  stand overnight at room 
temperature. The solvent was then removed in a flash evaporator. 
The oily residue was taken up in ether, and the ether solution was 
washed with water and then dried overnight using anhydrous so- 
dium sulfate. On removal of the ether, a semicrystalline mass re- 
sulted. This was recrystallized several times from ethyl acetate. 
The yield was 1.8 g. or 39% of theory. 
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Table I-N-Substituted Hippuramides 
~ 


Com- 
pound Method Recrystal- 


of Prep- Melting Yield, lization -Analysis, %-- Num- 
hera R R '  aration Point z Solvent Formula Calc. Found 


2-CH3; 5-CHa 


243;  4-C1 


2-Cl; 4-C1 


2-c1 


4-CH3 


2-CH.3; 5-CH3 


4-CH3O 


CZH5 A 92-93' 76 Water-ethanol 


CH3 B 92-92.5 O 39 Ethyl 


CzHs A 66-67" 14 Ethyl 


C2H5 A 86-87" 44 Ethyl 


CzHs A 91-91.5" 72 Ethyl 


CH3 B 113-114" 18 Water-ethanol 


acetate 


acetate 


acetate 


acetate 


CZH5 A , B  92-94 ' b  77 Ethyl 
acetate 


C15HzzNzOz C 68.67 68.56 
H 8.45 8.44 
N 10.68 10.76 


CiiHizNzOz C 48.02 48.09 
4.47 H 4.40 


N 10.18 10.40 
C1sH1&&NzOz C 51.50 52.21 


H 5.32 5.33 
N 9.24 8.85 


Ci.#itCINzOz C 58.10 58.54 
H 6.38 6.59 
N 10.42 10.71 


CiBzoNzOz C 67.72 67.50 
H 8.12 8.01 
N 11.28 11.39 


C I ~ H I ~ N Z O Z  C 66.64 66.90 
H 7.74 7.64 
N 11.96 11.88 


C,AH~N*O,  C 63.61 63.79 .. . " 


H 7.63 7.55 
N 10.63 10.83 


IR spectra are consistent with the assigned structures. b Lit. (1) m.p. 80-81". 


Pharmacological Testing-Preliminary pharmacological testing 
was performed on mice by intraperitoneal injection of an aqueous 
suspension of the drug with sodium carboxymethylcellulose. A dose 
of test drug equivalent to 100 mg./kg. was administered. Fifteen 
minutes later, a dose of 45 mg./kg. of sodium pentobarbital was 
given by intraperitoneal injection. The mice were placed on their 
backs, and the time of righting reflex recovery was recorded. 


RESULTS AND DISCUSSION 


Several of the compounds produced moderate sleep time poten- 
tiation. However, the data were not adequate to permit any clear- 
cut delineation of structure-activity relationships in this group. The 
2,5-dimethylhippuryl diethylamide, o-chlorohippuryl diethylamide, 
2,5-dimethylhippuryl dimethylamide, and p-methylhippuryl di- 
ethylamide (Table I) showed activity similar to, or slightly greater 
than, that of tricetamide2. 


Selected compounds, when tested orally in rats, were inactive 
against pentylenetetrazol-induced seizures; in mice they showed 


The authors gratefully acknowledge the assistance of Dr. Robert E. 
Larson, Department of Pharmacology and Toxicology, Oregon State 
University. 


only moderate CNS depression3. 


REFERENCES 


(1) G .  W. Kusserow and M. D. Drapir, U. S. pat. 2,956,081 (Oct. 


(2) G. Cronheim, J.  T. Gourzis, and I. M. Toekes, Science, 128, 


(3) G.  Cronheim, J. T. Gourzis, and I. M. Toekes, Fed. Proc., 17, 


(4) H. Rohnert, Arch. Pharm., 293, 573(1960). 
(5) J. R. Vaughan, Jr., and R. L. Osato, J .  Amer. Chem. Soc., 74, 


11, 1960); through Chem. Abstr., 55, 4424g( 1961). 


157q1958). 


361( 1958). 


676(1952). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 14, 1972, from the School of Pharmacy, 
Oregon State University, Coroallis, OR 97331 


Accepted for publication April 5 ,  1972. 
A To whom inquiries should be directed. 


3 The authors thank Dr. James Wilson, Smith Kline & French Lab- 
oratories, Philadelphia. Pa., for furnishing the test report. 


1332 Jourual of Pharmaceutical Sciences 








Evaluation and Testing of Drugs for Mutagenicity: Principles and 
Problems. Report of a WHO Scientific Group, No. 482. World 
Health Organization, Geneva, Switzerland, 1971. Available from 
American Public Health Association, Inc., 1015 18th St., 
N.W., Washington, D C  20036.18 pp. 16 X 24cm. Price$0.60. 
Widespread concern over the possible mutagenic effects of sub- 


stances of therapeutic interest prompted the convening of a Sci- 
entific Group for the specific purpose of studying this problem. 


In this publication, the Group recommends that every drug should 
be evaluated for possible mutagenic action. Such evaluation is in- 
tended to provide an indication of whether or not experimental 
studies in animals are needed. The report also sets out priorities for 
testing and reviews the various methods of testing presently avail- 
able. 


Staff Review 


Advances in Drug Research, Volume 6. Edited by N. J. HARPER 
and ALMA B. SIMMONDS. Academic, 11 1 Fifth Ave., New York, 
NY 10003, 1 9 7 1 . 2 5 6 ~ ~ .  14.5 X 22.7cm. Price$l5.00. 
Included in this volume are the following chapters: Principles and 


Practice of Hansch Analysis: A Guide to Structure-Activity 
Correlation for the Medicinal Chemist; Activities and Sites of 
Antinociceptive Action of Morphine-like Analgesics; Molecular 
Aspects of the Storage and Uptake of Catecholamines; and Mass 
Spectrometry in Drug Research. 


Staff  Review 


Fluorocarbon and Related Chemistry, Volume I, A Review of the 
Literature Published during 1969-1970. By R. E. BANKS and M. G. 
BARLOW. Chemical Society. I3urhgton House. London WIV 
OBN. England, 1971. viii + 307 pp. 13.5 X 21.5 cm. Price E7.00. 
This volume is the first of a series of biennial reviews concerned 


with the chemistry of organic, organometallic, and organometal- 
loidal compounds of the fluorocarbon class and of their poly- 
fluorinated analogs. The series “Specialist Periodical Reports” is 
designed to give in-depth coverage over the whole field of chemistry 
and ultimately will comprise some 40 titles. 


Staff Review 


The Primitive Therapeutic Use of Natural Products: A Bibliography. 
By W. B. SPINELLI. Duquesne University Library, Pittsburgh, 
Pa., 1971. 106 pp. 21 X 28 cm. 
Nearly 1500 references are included in this bibliography. The 


purpose of this collection was to  present an alphabetical list, by 
author, of as many references from the literatures of all times and 
nations that could be identified as dealing with the prescientific use 
of natural products in the treatment of disease and the alleviation of 
pain. A subject index is also included. 


Staff Review 


Luminescence Spectrometry in Analytical Chemistry. By JAMES D. 
WINEFORDNER, STEPHEN G. SCHULMAN, and THOMAS C. O’HAVER. 
Wiley, 605 Third Ave., New York, NY 10016,1972. xii + 354 pp. 
15 X 22.7 cm. Price $19.95. 
Volume 38 in the Chemical Analysis series is a unique book on 


luminescence spectrometry which covers both atomic fluorescence 
and molecular luminescence spectrometric methods, and a general 
approach to  radiance expressions for both atoms and molecules. 
Included are extensive listings of the concentrational and absolute 
limits of detection of atoms that fluoresce in the vapor state and also 
the organic and inorganic species which luminesce in thecondensed 
phase state. Three independent chapters (excluding the introduction) 
discuss theory, instrumentation and methodology, and general 
analytical use of luminescence spectrometry; seven appendixes 
present specialized topics such as photon counting, IR detectors, and 
multiplex spectrometry. The book is designed to be useful to those 
who use luminescence spectrometric methods to  determine rate 
constants, collisional cross sections, and other more fundamental 
parameters. No discussion of specific applications of the techniques 
of luminescence spectrometry have been included because a sub- 
sequent volume in the series has been planned. 


Staff Review 


Drug Abuse in Today’s Society (Proceedings of the Fifteenth Annual 
Ohio Pharmaceutical Seminar). Edited by ARTHUR TYE, WILLIAM 
M. DICKSON, and ROBERT A. BUERKI. Office of Public Relations, 
Ohio State University College of Pharmacy, 500 W. Twelfth 
Ave., Columbus, OH 43210, 1970. x + 213 pp. 15 X 23 cm. 
Price $4.50. 
This book presents the proceedings of a four-day seminar on drug 


abuse held a t  Ohio State University in March 1970. Various aspects 
of the social, legal, psychological, and medical aspects of drug 
abuse are covered. 


Staff Review 
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DRUG STANDARDS 


GLC Analysis of Aspirin from Solid Dosage Forms 


S. PATEL*, J. H. PERRINA, and J. J. WINDHEUSERt 


~~ 


Abstract 0 A GLC method of determining aspirin and salicylic acid 
in pharmaceutical formulations is presented. Acetylsalicylsalicylic 
acid was detected in varying amounts in tablets and granulations 
from different manufacturers. 


Key phrases 0 Aspirin formulations-GLC analysis 0 Salicylic acid 
in aspirin formulations-GLC analysis 0 Acetylsalicylsalicylic acid 
in aspirin formulations-GLC analysis 0 GLC-analysis, aspirin, 
salicylic acid, and acetylsalicylsalicylic acid 


The different behavior in pharmaceutical systems of 
aspirin from differing manufacturers has been the sub- 
ject of considerable investigation. The most popular 
explanation of the differences in melting points (1, 2), 
heats of fusion (3), densities (2, 4), and rates of solution 
(1, 4, 5) has been the existence of polymorphs. This 
explanation of polymorphism was recently severely 
criticized (6) ,  and another unlikely explanation of the 
proof of polymorphism, that of differing pKa's of aspirin 
from varying sources, was put forward (7). In an attempt 
to  investigate these differences further, it became neces- 
sary to develop a new assay for aspirin and salicylic 
acid. The USP method (8) for aspirin tablets involves 
time-consuming chromatography followed by separate 
spectrophotometric determinations of aspirin and 
salicylic acid. The method cannot be used foi small 
sample sizes. 


GLC methods for aspirin alone have been reported 
(9, lo), and an attempt was made to determine aspirin 
and salicylic acid in a single run (1 1). This latter method 
showed considerable tailing of the salicylic acid peak, 
probably due to the interaction of the hydroxy group 
with the column packing; hence, quantitative interpre- 
tation was not satisfactory. A method of determining 
aspirin and salicylic acid quantitatively is reported 
here. Acetylsalicylsalicylic acid was also found to  be 
present in most products. 


EXPERIMENTAL 


Materials-Salicylic acid crystals USPI were recrystallized from 
methanol. Aspirin USP2 was recrystallized from benzene and 
washed with hexane. Gas Chrom Q 3  (100-120 mesh), N.0-bis(tri- 
methylsilyl)acetamide4, a mixture of three trimethylsilyl donorss, 
OV-2103 (methyltrifluoropropyl silicone), and 0V-2253 (cyanopro- 
pylphenyl silicone) were used as supplied by the manufacturers. All 


1 Fred Portz, Fine Chemicals, Waukesha, Wis. 
2 J. T. Baker Chemical Co., Phillipsburg, N. J. 
3 Applied Science Labs., Inc., State College, Pa. 
4 BSA, Pierce.Chemica1 Co., Rockford, Ill. 
6 SILYL-8, Pierce Chemical Co., Rockford, Ill. 
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other reagents were analytical grade. Aspirin tablets were obtained 
from several manufacturerse, as were granulations7. 


Preparation of Acetylsalicylsalicylic Acid-This two-stage syn- 
thesis (12,13) involves the preparation of disalicylic acid and its sub- 
sequent acetylation. 


Synthesis of Disalicylic Acid-One hundred grams salicylic acid, 
104 g. dimethylaniline, 60 ml. benzene, and 45 ml. phosphorus tri- 
chloride were stirred constantly at room temperature for 4 days. Ex- 
cess dilute hydrochloric acid was added. and the resultant precipitate 
was extracted with ether. After evaporation of the ether, the residue 
was washed with boiling water five times. The residue was dissolved 
in ether and dried over sodium sulfate. The ether was evaporated off, 
giving disalicylic acid, m.p. 147-148". 


Synthesis of Acetylsalicylsalicylic Acid from Disalicylic Acid- 
One gram disalicylic acid was dissolved in 30 ml. acetic anhydride 
and placed in an ice bath; to this was added a cooled mixture of 20 
ml. acetic anhydride and 9 ml. concentrated sulfuric acid. After the 
addition, the mixture was heated to 50-60" and stirred for 24 hr. 
The mixture was poured onto ice and 1 he precipitate was extracted 
with ether: the residue, following evaporation of the ether, was re- 
crystallized twice from aqueous ethanol to give acetylsalicylsalicylic 
acid, m.p. 162-164". The product had IK and NMR spectra in agree- 
ment with acetylsalicylsalicylic acid. 


METHOD 


GLC Column-The column used was glass, 4 mm. X 0.91 m. (3 
ft.), 1 methyltrifluoropropyl silicone on acid-base washed, silane- 
treated, flux-calcinated diatomaceous earth, 100-120 mesh. It was 
conditioned at 250" with 50 j11. of a column conditioner6. 


Gas Chromatograph-The gas chromatograph* was used with 
dual-flame ionization detectors and a temperature-programmable 
column oven. 


Carrier Gas-The carrier gas used was nitrogen (flow rate 52.6 
ml./min.) at 100" column temperature for all columns. 


Temperature Programs-Aspirin, Act~tylsalicylsalicy[ic Acid, and 
Salicylic Acid in Approximately Equal Quantities- 


injection temperature 175" 
detector temperature 350" 
column temperature 


attenuation 9 X 10P amp. 


Aspirin Tablets and Granulations-When assaying aspirin tablets, 
two sets of operating conditions are necessary because of the very 
small concentrations of salicylic acid and acetylsalicylsalicylic acid. 


(a) Aspirin: 


100" for 8 .5  min. and then 15'/ 
rnin. rise up to 230" 


injection temperature 175" 
detector temperature 350" 
column temperature 145" (isothermal) 
attenuation 3 X amp. 


~ ~~ 


6 Bayer Co., Division of Sterling Drug, Inc., New York, N. Y.; Eli 
Lilly and Co., Indianapolis, Ind.; Squibb Products Co.. New York, N. Y.; 
St. Joseph Aspirin, Plough, Inc., Memphis. Tenn.; and Rexall Drug Co., 
St. Louis, Mo. 


7 Monsanto Co.. St. Louis. Mo.. and I low Chemical Co., Midland, 
Mich. 


* Barber-Coleman Series 5000. 







Table I-Precision Studies : Calculation of Standard Deviationsa 
~ ~~~~ 


Run X X2 Y Y2 z 22 


I 20.4 416.16 18.3 334.88 10.0 100.00 
2 20.8 432.64 18.4 338.55 11.4 129.95 
3 21.6 466.56 18.2 331.23 11.2 125.43 
4 21.2 449.44 18.0 324.00 11 .o 121 .OO 
5 21.4 457.96 18.1 327.60 11.3 127.68 
6 21 .o 441 .oo 18.0 324.00 11.2 125.43 
7 21.4 457.96 18.8 353.43 11.2 125.43 
8 21.7 470.89 18.4 338.55 11.5 132.24 
9 21.3 453.69 18.4 338.55 11.0 121.00 


441 .OO 18.2 331.23 11.5 132.24 
ZX = 211.8 Z X 2  = 4487.30 Z Y  = 182.8 Z Y 2  = 3342.02 Z Z =  111.3 22' = 1240.00 


- 21 .o ____ 10 


(211 .8)2 
lo sx = = 0 . 3 9 f  1.88%" 


$42.; 7 ~ -  (182. 8)2 


4 1 2 4 0 . z 1 ,  (111. 10 3)2 


= 0.2 f 1.09%* 
10 


S Y  = 


sz = = 0.42 I!= 3.6%" 
~~~ 


a X, Y, and Z represent the area generated in planimeter units for salicylic acid, aspirin, and acetylsalicylsalicylic acid, respectively. * Precision 
area. 


(b) Salicylic acid and acetylsalicylsalicylic acid 
injection temperature 175" 
detector temperature 350" 
column temperature 100" for 8 . 5  min. and then 15"/min. 


rise up to  230" 
attenuation 3 X amp. 


Deteciioii of Aceiylsulicylsalicylic Acid-The unknown peak 
from aspirin tablets had similar. retention times to the synthesized 
acetylsalicylsalicylic acid using the above column and conditions. 
This column was also used with the following conditions and the re- 
tention times were again similar. 


(a) injection temperature 190" 
detector temperature 390" 
column temperature 180" programmed a t  5"/min. 


rise up to  230" 
attenuation 3 X 10-lOamp. 


(b) injection temperature 195" 
detector temperature 395" 
column temperature 190" programmed at  5 "/min. 


rise up t o  230" 
attenuation 3 X 10-0 amp. 


(c) In addition, a glasscolumn, 4-mm. X 1.22-111. (4-ft.) was used, 
containing 1 2 cyanopropylphenyl silicone on acid-base washed, 
silane-treated, flux-calcinated diatomaceous earth, 10&120 mesh. 
I t  was conditioned a t  250" with 50 pl. of a column conditioners. 


injection temperature 200" 
detector temperature 395" 
column temperature 


attenuation 3 X 1O-O amp. 


190" programmed at 5"/min. rise 
up to 230" 


Again the retention times of acetylsalicylsalicylic acid and the un- 
known were similar. 


Preparation of Samples-Siandard Solutions-Standard solutions 
of aspirin. salicylic acid, and acetylsalicylsalicylic acid were pre- 
pared in anhydrous ether. Either 100- or 200-pl. samples were taken, 
and the ether was removed with nitrogen. Two hundred microliters 
of N,O-bis(trimethylsily1)acetamide was added, and the mixture was 
shaken on a mechanical shaker for a few seconds. Two microliters of 
this solution was then injected onto the column. Concentrations of 
unknowns were measured by comparing their peak areas with those 
of standards. 


Muirrial from Tablets or Granulations-The tablet (or equivalent 
of granules) was accurately weighed and extracted with anhydrous 


ether as quickly as possible. The solution was filtered and the final 
volume was adjusted to 50 ml. One hundred microliters of this solu- 
tion was treated with 200 pl. N,O-bis(trimethylsily1)acet- 
amide as described for the analysis of aspirin. For analysis of salicylic 
acid and acetylsalicylsalicylic acid, 1 ml. of the solution was evap- 
orated to dryness with nitrogen, and sufficient N,O-bis(trimethy1- 
sily1)acetamide was added to  make the total volume 100 pl. Four 
microliters of this solution was then applied to the column. For 
precision investigations, a solution containing 4.8 mg./lO ml. 
salicylic acid, 4.96 mg./lO ml. aspirin, and 4.98 mg./lO ml. acetyl- 
salicylsalicylic acid was prepared and 2 pl. was injected onto 
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Figure 1-Typical gas chromaiogram of a mixture of. ( A )  Jalicylic 
acid, 0.5 mcg./pl.; ( B ) ,  aspirin, 15 mcg./pl.: und (0 ucetylsali- 
cylsalrcylic acid, 0.5 mcg./pl., a1 noted atietiuuiiotl utrdrr GLC con- 
ditions as indicated it? the text. 
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Table II-Analysis of Commercial Aspirin Tablets and Granulationsa 


-----Aspirin -Salicylic Acid-- -Acet ylsalicylsalicylic Acid- 
Manufacturer mi%. z mg. x mg. z 


A 


B 


C 


D 


E 


331.1 
338.8 
331.1 
330 
338 
334 
331.5 
331 
338.6 
331 
332.9 
322.2 
327.9 
336.5 
320.7 
324.3 
336.4 
333.4 


339.2 
320.3 
339.2 
335.4 
282.6 
305.5 
31 3 
287.7 


329.95 
336.26 
333.2 


102 
104 
102 
101 
104 
103 
102 
101.8 
104 
101.8 
102 
99.1 


100.9 
103.5 
98.7 
99.8 


103.5 
102.6 


92.8 
88.6 
92.6 
91.9 
85 
87 
89 
87.2 


101.5 
103 
102.5 


Tablets 
0.150 
0.135 
0.150 
0.274 
0.285 
0.222 
0.204 
0.172 
0.168 
0.162 
0.172 


Traces 
Traces 
Traces 


0.302 
0.551 
0.272 
0.328 


Granulation 
0.220 
0.202 
0.147 
0.158 
0,057 
0.114 
0.114 
0.100 


USP Method for Tablet A 
0.159 
0.165 
0.201 


0.05 
0.040 
0.05 
0.08 
0.08 
0.06 
0.06 
0.05 
0.05 
0.05 
0.05 


0.09 
0.17 
0.08 
0.1 


0.06 
0.06 
0.04 
0.05 
0.02 
0.04 
0.04 
0.04 


0.05 
0.05 
0.1 


0.185 
0.201 
0.159 
0.061 
0 079 
0,091 
0.091 
0.132 
0 130 
0 160 
0 140 
0 076 
0 104 
0 091 
0 113 


0.119 
0.149 
0.149 
0.143 
0.376 
0.376 
0.376 
0.376 


- 
- 
- 


Traces 
Traces 
Traces 


0.06 
0.06 
0.05 
0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.05 
0.04 
0.02 
0.03 
0.02 
0.034 


0.04 
0.05 
0.04 
0.04 
0.1 
0.1 
0.1 
0.1 


(1 Aspirin percentage is expressed as percent of 325 mg. for the tablets and as percent of total granulation of the granulations. The salicylic acid 
and ace~ylsalicylsalicylic acid are expressed as percentage aspirin found. 


the column. The calculation of the standard deviation is shown in 
Table I. 


RESULTS AND DISCUSSION 


The extraction of drug with anhydrous ether was performed as 
quickly as possible because there appeared to be some degradation 
on delay; this degradation stopped after filtration of the extract. 
Initially, an attempt was made to  silylate the products in pyridine; 
however, this enhanced degradation and it was decided to silylate the 
residues from the ethereal extraction directly with N,O-bis(tri- 
methylsily1)acetamide. Rowland and Riegelman (10) found multiple 
peaks for salicylic acid following silylation with trimethylchloro- 
silane; however, in the method reported here, using N,O-bis(tri- 
methylsilyl)acetamide, a single peak was obtained with salicylic acid. 
In the early experiments, a small peak of material of higher molecular 
weight than aspirin was consistently observed following the analysis 
of tablets and granulations. Acetylsalicylsalicylic acid was synthe- 
sized, and the peak of the unknown exhibited the same retention 
time as acetylsalicylsalicylic acid on the methyltrifluoropropyl sili- 
cone column under several operating conditions and also on the 
cyanopropylphenyl silicone column. It was assumed, therefore, that 
the compound was acetylsalicylsalicylic acid. A typical chromato- 
gram obtained with aspirin, acetylsalicylsalicylic acid, and salicylic 
acid is shown in Fig. 1 .  


To determine whether or not acetylsalicylsalicylic acid was pro- 
duced by acylation of the aspirin by salicylic acid on the high tem- 
perature column, the following experiment was carried out. A mix- 
ture containing 99 parts of pure aspirin and 1 part salicylic acid was 
chromatographed as reported for salicylic acid and acetylsalicylsali- 
cylic acid. No trace of acetylsalicylsalicylic acid was found, suggest- 
ing that the impurity is formed during the aspirin manufacturing 
process. 


The results from anaiyses of aspirin tablets and granulations are 
shown in Table 11. The small percentages of salicylic acid and acetyl- 
salicylsalicylic acid necessitate the separate determination of aspirin 
on the same column. Acetylsalicylsalicylic acid does not appear t o  
have been previously reported to occur in aspirin formulations; how- 


ever, all of the tablets and granulations investigated here appeared to 
contain the compound. One tablet only had traces, but one granula- 
tion had 0.13%. The method for tablets gave an average of 102.7% 
aspirin for Manufacturer A, and the ZJSP method also gave 102.7 % 
for the same batch of tablets. The proposed GLC method gave 
0.043% salicylic acid and the USP method gave 0.050%. Any in- 
crease in salicylic acid found in the L‘SP method may be due to the 
alkaline conditions used in the partition chromatography. 
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creased up to 1-octanol, which then showed a decrease. The 
decrease in the solubility coefficient for 1-octanol simply may re- 
flect that the number of “holes” in the polymer t o  accommodate 
the larger 1-octanol molecule is less than for the smaller molecular 
weight alcohols. 


Since the permeability coefficient is a product of the diffusion 
coefficient and the solubility coefficient or P = DS,  the permeability 
coefficients for the group of alcohols were calculated (Table IV). 
This simple relationship holds for the permeation process when D 
obeys Fick‘s diffusion law and S obeys Henry’s law (5 ,  9). It is not 
certain with the penetrant-polymer system used in this study if 
in fact one or both laws are actually obeyed, particularly since it is 
known that penetrant-polymer interactions generally lead to 
variable D values. Therefore, the P values shown in Table IV 
should be considered as estimates of the permeability coefficients. 
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Interactions of Dimethyl Sulfoxide with 
Lipid and Protein Monolayers 


N. D. WEINER’, M. Y. LU, and M. ROSOFF 


Abstract 0 Phospholipids, cholesterol, protein, and mixed phos- 
pholipid-protein monolayers were used as models to study inter- 
actions between dimethyl sulfoxide and cell membranes. Surface 
pressure measurements were used to study these dimethyl sulf- 
oxide-film interactions. While films of dipalmitoyl lecithin, egg 
lecithin, and cholesterol showed no interaction with dimethyl 
sulfoxide, films of bovine serum albumin exhibited a significant 
condensation effect. The degree of film condensation was found 
to be a function of pH and dimethyl sulfoxide concentration in the 
subphase. It was postulated that the observed effect of dimethyl 
sulfoxide on albumin films is due to the loss of protein from the 
surface. Lipid-protein films showed only small condensation effects 
in the presence of dimethyl sulfoxide, indicating that the phospho- 
lipids protect the protein from attack by dimethyl sulfoxide. 
These studies indicate that the remarkable penetration abilities 
of dimethyl sulfoxide may be due to some alteration of protein 
structure as a result of dehydration at the biomembrane. 


Key phrases 0 Lipid monolayer films-interactions with dimethyl 
sulfoxide, surface pressure-surface area curves 0 Protein mono- 
layer films-interactions with dimethyl sulfoxide, surface pressure- 
surface area curves 0 Lipid-protein monolayer films-interac- 
tions with dimethyl sulfoxide, surface pressure-surface area 
curves 0 Dimethyl sulfoxide-interactions with lipid, protein, 
and lipid-protein monolayer films, surface pressure-surface area 
curves Monolayers, lipid and protein-interactions with di- 
methyl sulfoxide, surface pressure-surface area curves 


Although dimethyl sulfoxide has been reported to 
possess a number of desirable therapeutic properties 
(1-3), the potential medical hazards associated with 


its use (4) have limited its widespread use in humans. 
There have also been numerous reports concerning the 
ability of dimethyl sulfoxide to penetrate rapidly 
human skin and to enhance the percutaneous absorp- 
tion of materials dissolved therein (5 ,  6). While the 
utility of dimethyl sulfoxide in promoting percu- 
taneous absorption is well documented, few studies 
have appeared concerning its mechanism of action upon 
the barrier to absorption through the skin. White it has 
been suggested that dimethyl sulfoxide exerts its 
effect by causing a swelling or expansion of the 
protein fibers of the skin barrier (7), a lipid extraction 
effect (8) also has been implicated to account for the 
rapid penetration effects caused by dimethyl sulfoxide. 


Monomolecular films have been widely used to eluci- 
date interactions that occur between various substances 
and membrane components. The mechanisms of ac- 
tion of polyene antibiotics (9), anesthetics (lo), air 
pollutants (1 l), and other agents have been elucidated, 
to some degree, at  the cellular level by the use of mono- 
molecular films. 


Since the activity of dimethyl sulfoxide seems to be 
related to its ability to permeate cell membranes (12, 
13), it is of interest to investigate the effects of dimethyl 
sulfoxide on monolayers of components found in bio- 
logical membranes. This paper presents data on the 
interactions of dimethyl sulfoxide with monolayers of 
lipids, protein, and lipid-protein mixed films. 
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Figure 1-Surface pressure-surface area ( P A )  curves of dipal- 
miroyllecithin (O), egg lecithin (A), and cholesterol (0) on an aqueous 
subphase. 


EXPERIMENTAL 


Egg lecithin', dipalmitoyl lecithin*, cholesterol3, and bovine 
serum albumin' were used for the film studies. These compounds 
were tested for purity by TLC, using samples of a t  least 250 mcg. 
(14). Single spots were observed for all compounds tested. Di- 
methyl sulfoxideG, certified spectroanalyzed grade, was purified 
by passage through a silica gel-alumina column. 


The organic solvents used in the experiments were spectrograde 
and were checked for the presence of surface-active impurities by 
compression of the film after addition of small amounts of these 
solvents onto the subphase. No surface pressure was observed for 
any solvent used. All inorganic chemicals were of reagent grade. 
Water used in all experiments was deionized by being passed 
through a mixed resin bed of a demineralizere and then distilled in 
an all-glass apparatus. 


Solutions of lipids and proteins used in the film studies were al- 
ways freshly prepared. Egg lecithin (39.8 mg./100 ml.) was dissolved 
in a 1 :99 v/v ethanol-hexane solvent mixture. Dipalmitoyl lecithin 
(50 mg./100 ml.) was dissolved in a 5:95 v/v ethanol-hexane solvent 
mixture. Cholesterol (28.9 mg./100 ml.) was dissolved in n-hexane. 
Bovine serum albumin (45 mg./100 ml.) was dissolved in water. 
Generally, 0.07 ml. of each of the spreading solutions was used to 
prepare the films. 


Before spreading the film-forming solutions, the surface was 
checked for cleanliness by taking surface pressure readings at the 
full trough area and then compressing the film to two-thirds the 
trough area. The readings were the same in each case, indicating 
the absence of insoluble surface-active impurities. 


Solutions of phospholipids and cholesterol were spread on water 
as well as on 10 and 25% dimethyl sulfoxide in water. Spreading 
was accomplished with the aid of a micrometer syringe'. Ten 
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Figure 2-Surface pressure-surface area (PA) curves of bovine 
serum albumin on subphases at pH 2.8 containing no dimethyl sul- 
foxide (0), 10% dimethyl sulfoxide (A), and 25 dimethyl sulfoxide 
(0. 


minutes was permitted to pass to allow for complete evaporation 
of spreading solvent from the surface before manual compression 
of the film was initiated. 


Solutions of bovine serum albumin were spread on buffer solu- 
tions of various pH values as well as on 10 and 25 dimethyl sulf- 
oxide in the various buffer solutions. Spreading was accomplished 
with the aid of the micrometer syringe by the method of Trurnit 
(15,16). The method consists of allowing the drops to fall at a slow, 
steady rate onto the hemispherical top of a clean glass rod placed 
in the trough. The syringe was always held directly above the top 
of the glass rod, which was positioned so that it could remain in 
place during the compression cycle. Fifteen minutes was permitted 
to  elapse to allow the system to reach equilibrium before compres- 
sion of the film was initiated. 
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Figure 3-Surface pressure-surface area (PA) curves of bovine 
serum albumin on subphases at pH 4.7 containing no dimethyl sul- 
foxide (O), 10% dimethyl sulfoxide (A), and 25% dimerhyl sulfoxide 
(0). 
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Table I-Apparent Percentage of Bovine Serum Albumin Lost 
(PL) from the Surface at Various pH Values in the Presence of 
Dimethyl Sulfoxide 


Concentration 
of Dimethyl 
Sulfoxide in -Apparent Percentage Protein Lost-. 
Subphase, pH 2.8 pH 4.7  pH 7.2  


10 15.5 4 . 4  14.7 
25 33.0 14.5 42.7 


Mixed films of dipalmitoyl lecithin-bovine serum albumin and 
egg lecithin-bovine serum albumin were prepared by using the 
Trurnit method to spread the protein onto the previously spread 
phospholipid. These films were spread on a water subphase as well 
as on 10 and 25 dimethyl sulfoxide in watef. Fifteen minutes was 
permitted to elapse to allow the system to reach equilibrium before 
compression of the film was initiated. 


Solutions of lipids or protein were spread onto the subphase 
contained in the trough of a film balances. This balance, which was 
described previously (17), consists essentially Of a rectangular 
Teflon trough with a surface area of 315 X 1016 A2 and a movable 
Teflon barrier, which permits a manual, incremental compression 
of a surface film. The trough area was decreased by 5 . 0 - ~ m . ~  in- 
crements, and surface pressure readings were taken immediately 
after each area change. Approximately 30 sec. elapsed between each 
reading. The surface pressure, defined as the difference between the 
surface tension of the subphase and that of the film-covered sub- 
phase, was determined at  different surface areas by the Wilhelmy 
plate method (18) using a thin, roughened, 5.0-cm. platinum plate 
attached to a torsion balance8. All experiments were carried out at 
room temperature (25 & 2"). 


RESULTS AND DISCUSSION 


The surface pressuresurface area (*-A) curves of dipalmitoyl 
lecithin, egg lecithin, and cholesterol on an aqueous subphase are 
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Figure &Surface pressure-surface area (FA) curves of bovine 
seruni albumin on subphases at  p H  7.2 containing no dimethyl sul- 
foxide (O), 10% dimethyl sulfoxide (A), and 2 5 z  dimethyl sulfoxide 
(0). 
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Figure 5-Surface pressure-surface area (a-A) curves of mixed di- 
palmitoyl lecithin-albumin films on aqueous subphases containing no 
dimethyl sulfoxide (O), 10% dimethyl sulfoxide (A), and 25% di- 
methyl sulfoxide (0). 


shown in Fig. 1. The addition of 10 and 25% dimethyl sulfoxide to 
the subphase resulted in T-A curves that were identical to  those ob- 
tained in the absence of dimethyl sulfoxide. The lack of discernible 
interaction between dimethyl sulfoxide and these compounds in- 
dicates that the remarkable penetration powers of dimethyl sulfoxide 
into membranes is not the result of its interaction with membrane 
lipids. Figures 2-4 show the T-A curves of bovine serum albumin 
spread on aqueous subphases at pH values of 2.8, 4.7, and 7.2, 
respectively. In each case, T-A curves are shown for protein spread 
on subphases containing no dimethyl sulfoxide, 10% dimethyl 
sulfoxide, and 2 5 z  dimethyl sulfoxide. In all cases, it was observed 
that condensation of the protein films occurred in the presence of 
dimethyl sulfoxide in the subphase. The surface pressure de- 
creased at  any given surface area as the concentration of dimethyl 
sulfoxide increased in the subphase, and the apparent condensation 
of the protein monolayers due to the presence of dimethyl sulfoxide 
was considerable. For example, at pH 7.2 (Fig. 4), when A = 0.7 
m.Z/mg., A = 8 dynes/cm. in the absence of dimethyl sulfoxide but 
decreases to 2.2 and 0.3 dynes/cm. when 10 and 2 5 x  dimethyl sul- 
foxide, respectively, are added to  the subphase. 


Interpretation of the results is difficult because little is known 
about the structure of proteins at the air-water interface. Surface 
pressure develops from the unfolding of the protein molecules in 
the surface at the air-water interface in order to reduce surface free 
energy. The use of the Trurnit method facilitates the process. 


The overall shape of the T-A curves in the presence and absence 
of dimethyl sulfoxide at each pH value tested remains basically the 
same, and the curves are closely parallel, particularly a t  smaller 
areas. Thus, dimethyl sulfoxide simply causes displacement of the 
curves toward smaller areas while not appreciably affecting the film 
compressibility in this region. The condensation effect of the pro- 
tein films produced by dimethyl sulfoxide appears to be the result of 
the loss of protein from the surface. It is not possible to determine 
from the data whether the loss in area is due to  solubilization, sur- 
face precipitation, or surface aggregation. 


The apparent percentage protein lost from the surface (PL) due 
to the presence of dimethyl sulfoxide can he calculated from Eq. 1 : 


PL = [(A0 - A)/Ao1100 (Eq. 1)  
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Figure 6-Surfuce pressure-surface area (r-A) curves of mixed egg 
lecithin-albumin films on aqueous subphuses containing no dimethyl 
sulfoxide (0), 10% dimethyl sulfoxide (A),  mid 25% dimethyl sirl- 
/oxide (13). 


where Aa and A represent the surface areas of the protein in the 
absence and presence of dimethyl sulfoxide, respectively, at a sur- 
face pressure of 10 dynes/cm. The value for the surface area of the 
protein at pH 7.2 in the presence of 25% dimethyl sulfoxide is 
extrapolated. 


It should be pointed out that values of PL are not exact, since 
a conformational change of the protein in the presence of dimethyl 
sulfoxide may also affect the r - A  curves. However, it is reasonable to 
assume that such an effect would be minimal, since dimethyl sulf- 
oxide is not a particularly good denaturing agent. For example, 
dimethyl sulfoxide does not affect the a-helix of synthetic poly- 
amino acids, and it is actually used as a solvent for perturbation ex- 
periments (19). Hamaguchi and Imahori (20) showed that very high 
concentrations (about 70%) of dimethyl sulfoxide are needed before 
this reagent induces a conformational change in bulk solutions of 
lysozyme. 


The percentages of bovine serum albumin lost from the surface 
at various pH values in the presence of 10 and 25 dimethyl sulf- 
oxide, as calculated from Eq. 1, are shown in Table I. The loss 
of protein from the surface was lowest a t  a pH value of 4.7, which 
is the isoelectric point of bovine serum albumin. These data indicate 
that although the protein-dimethyl sulfoxide interaction may be 
complex, the net result is a loss of protein from the surface due to 
competitive interactions between dimethyl sulfoxide and water 
with protein at the surface. 


It is well known that dimethyl sulfoxide has a great affinity for 
water and is positively adsorbed at  the air-water interface (21). 
At the isoelectric point, the total number of charges on the protein 
is a maximum (22-24), yielding the greatest degree of hydration of 
the film at this pH value. At pH values below and above the iso- 
electric point, the surface concentration of dimethyl sulfoxide would 
be expected to be higher due to a lesser degree of hydration of the 
protein film. Since the concentration of dimethyl sulfoxide in the 
surface may exceed the concentration for phase separation (about 
35 z), the protein is preferentially solubilized into the bulk phase, 
yielding the condensation effect observed. 


The observed protein-dimethyl sulfoxide interaction at  the sur- 
face is not due to a dielectric constant effect, since the presence of 
dimethyl sulfoxide would lower the dielectric constant of the surface 
which would enhance the charge ripulsion of the protein, par- 
ticularly at pH 2.8 where the net charge is high (25, 26). If this ef- 
fect was important, the addition of dimethyl sulfoxide to the sub- 
phase would result in film expansion rather than the condensation 
effect observed. 


Similarly, a solubilization effect by dimethyl sulfoxide uia hy- 
drophobic bonding does not seem to be the predominant mecha- 
nism, since the protein is more unrolled at  pH 2.8 that a t  pH 7.2 
(25, 26), and a greater degree of solubilization at  this pH would be 
expected due to more exposure of the apolar groups at  this pH. 
Again, this is not the case. 


Since the structure of biomembranes is generally accepted to be 
a biomolecular leaflet of phospholipids with adsorbed protein, it 
was decided to  utilize mixtures of lipids and protein of known com- 
position as spread film models to study further the dimethyl sul- 
foxide-membrane interactions. Figures 5 and 6 show the r - A  curves 
for the dipalmitoyl lecithin-albumin and egg lecithin-albumin 
films, respectively, in the absence and presence of dimethyl sulfoxide. 
Whereas dimethyl sulfoxide caused a condensation effect on the 
lipid-protein monolayers, this effect was significantly smaller than 
that of dimethyl sulfoxide on protein films. Therefore, it appears 
that the phospholipid exerts a protective action on the protein 
when the latter is exposed to dimethyl sulfoxide. 


REFERENCES 


(1) A. M. Kligman, J. Amer. Med. Ass., 193, 796(1965). 
(2) Ibid., 193, 923(1965). 
(3) E. E. Rosenbaum, J. Amer. Med. Ass., 192, 109(1965). 
(4) C. D. Leake, Science, 152, 1646(1966). 
( 5 )  R. B. Stoughton and W. Fritsch, Arch, Dermatol., 90, 


(6) 0. J. Stone, ibid., 93, 241(1966). 
(7) S. G. Elfbaum and K. Laden, J. Soc. Cosmet. Chem., 19, 


(8) Ibid., 19, 841(1968). 
(9) R. A. Demel, L. L. M. van Deenen, and S. C. Kinsky, J. 


Biol. Chem., 240, 2749(1965). 
(10) J. C. Skou, Biochim. Biophys. Acta, 30,625(1958). 
(11) N. D. Weiner, M. Amanat, and A. Felmeister, Arch. Enuiron. 


(12) L. H. Block, Drug Cosmet. Ind.. 95, 342(1964). 
(13) T. J. Franz and J. T. van Brugger, Ann. N. Y. Acad. Sci., 


(14) A. RI. Kamel, N. D. Weiner, and A. Felmeister, J. Colloid 


(15 )  M. Muramatsu and H. Sobotka, J.  Phys. Chem., 66, 1918 


(16) P. R. Mussellwhite and J. A. Kitchener, J. Colloid Sci., 24, 


(17) A. Felmeister, M. Amanat, and N. D. Weiner, Enuiron. 


(18) A. W. Adamson, “Physical Chemistry of Surfaces,” 2nd 


(19) T. T. Herskovits and M. Laskowski, Jr., J. Biol. Chem., 237, 


(20) K. Hamaguchi and K. Imahori, J .  Biochem., 55, 388(1964). 
(21) M. Rosoff and A. Giniger, to be published. 
(22) G. L. Gaines, Jr., “Insoluble Monolayers at Liquid-Gas 


Interfaces,” Interscience, New York, N. Y., 1966, pp. 136,264, 306. 
(23) S. W. Fox and J. F. Foster, “Introduction to Protein Chem- 


istry,” Wiley, New York, N. Y., 1957, p. 239. 
(24) H. B. Bull, Aduan. Protein Chem., 3,95(1948). 
(25) C. Tanford, J. G. Buzzell, D. G. Rands, and S. A. Swanson, 


(26) S. A. Swanson and W. S. Shore, ibid., 77,6414(1955). 


5 12( 1964). 


163(1968). 


Health, 18,636( 1969). 


141, l(1967). 


Interface Sci., 35, 163(1971). 


(1962). 


8a( I 967). 


Sci. Technol., 2, 40(1968). 


ed., Interscience, New York, N. Y., 1967, p. 26. 


2481(1962). 


J .  Amer. Chem. Soc., 77,6421(1955). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received March 3, 1971, from the College of Pharmaceutical 


Accepted for publication March 24, 1972. 
A To whom inquiries should be directed. 


Sciences, Columbic Unicersity, New York. N Y 10023 


Vol. 61. No. 7, July 1972 0 1101 








Separation of Ascorbic Acid and 2-Keto-~-gulonic Acid 


S .  L. BAFNA’, D. J. PATEL, and J. D. MEHTA 


Abstract 0 The separation of ascorbic acid and 2-keto-L-gulonic 
acid by molecular sorption on a column of styrene-divinylbenzene 
copolymer-based sulfonic acid cation-exchange resin, with the 
relative degree of crosslinking of four, is described. 


Keyphrases 0 Ascorbic acid-separation from 2-keto-~-gulonic 
acid, cation-exchange chromatography 0 2-Keto-~-gulonic acid- 
separation from ascorbic acid, cation-exchange chromatography 0 
Chromatography with cation-enchange resins-separation of ascor- 
bic acid and 2-keto-~-gulonic acid 


The separation and recovery of ascorbic acid by ex- 
change with anion-exchange resins (1-6) and the re- 
moval of ionic impurities from solutions of ascorbic acid 
by ion-exchange resins (7- 10) were reported by some 
workers. However, there seems to be no available study 
on the separation of ascorbic acid and 2-keto-~-gulonic 
acid by molecular sorption on cation-exchange resins. 
The ion-exchange process involves exchange of anions 
with anion-exchange resin and exchange of cations with 
cation-exchange resin in equivalent amounts and re- 
quires chemical regeneration. On the other hand, molec- 
ular sorption on ion-exchange resin involves the sorp- 
tion of solute on resin and does not involve the exchange 
process. Therefore, no chemical regeneration is re- 
quired, and the elution of the sorbed solute can be 
achieved by solvent. This may provide a useful and 
economically attractive process for separation problems 
(1 1-21). 


In this study the separation of ascorbic acid and 2- 
keto-L-gulonic acid by molecular sorption on cation- 
exchange resins is described. This is of interest because in 
the production of ascorbic acid, the conversion of 2- 
keto-L-gulonic acid to  ascorbic acid is not complete. 
Table I gives representative data for the separation of 
ascorbic acid and 2-keto-~-gulonic acid. 


EXPERIMENTAL 


The chemicals were chemically pure, and freshly prepared aque- 
ous solutions of organic acids were used. The resin used was a sty- 
rene-divinylbenzene copolymer-based sulfonic acid cation-exchange 
resin’, with the relative degree of crosslinking (percentage nominal 
divinylbenzene content) of four. The resin was conditioned and re- 
generated into hydrogen form and a column was set up. The column 
data were: bed volume, 490 ml.; bed length, 210 cm.; and capacity 
of the resin in the column, 628 meq. 


The procedure adopted for a run was as follows. The column was 
backwashed with distilled water and allowed to settle under gravity. 
The solution of ascorbic acid of known concentration (-0.05 N )  
was prepared in distilled water. The liquid in the column was brought 
to the bed level, the organic acid solution (10 ml.) was added, and 
the column was allowed to flow at 2 ml./min. A sample equal to void 
volume was first collected. Then samples (10 ml.) were collected and 
numbered as I ,  2, and so on. When the liquid in the column was 
again near bed level, distilled water (10 ml.) was added and the 


1 Dowex 50WX4 (50/100), Dow Chemical Co. 


Table I-Separation of 2-Keto-~-gulonic Acid and Ascorbic Acid 
with Water as Solvent and Eluant 


Compound 2-Keto-~-gulonic Acid + Ascorbic Acid 
102W” = 52.9 54.1 


Sample Number 102W.b 


v.v.c 
1-23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


0.63 
2.52 
5.04 
9.45 


13.86 
14.49 
6.30 
0.60 
- 
- 
- 


- 


0.60 
1.89 
4.41 
7.56 


16.38 
10.71 
7.56 
3.78 
1.26 
- 


= Organic acid content in millimoles in 10 ml. of organic acid solution 
initially sorbed on resin bed. b Organic acid content in millimoles in 10 
ml. of effluent sample. c Void volume. 


column was connected to an overhead reservoir of distilled water. 
Organic acid was determined in each sample by titration against a 
standard sodium hydroxide solution. After the run was over, the 
column was backwashed with distilled water and the liquid level 
was brought again to the bed level. The run was repeated with 2- 
keto-L-gulonic acid in distilled water. Such runs indicated that the 
elution of organic acids was practically complete and the separation 
of a mixture was feasible. The run was repeated with a mixture of 
ascorbic acid and 2-keto-~-gulonic acid. 
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Determination of CMC of Polysorbate 20 in 
Aqueous Solution by Surface Tension Method 


K. L. MITTAL 


Abstract 0 The CMC of polysorbate 20 was determined using a sur- 
face tension method; the concentration ( C )  of polysorbate 20 
studied varied from 0.001 to 10.000 mg./ml. The results show 
clearly that the surface tension ( y )  decreases linearly with log C 
up to a concentration of 0.06 mg./ml. and is practically constant for 
more concentrated solutions. This suggests that the CMC of polysor- 
bate 20 is in the vicinity of 0.06 mg./ml., which is in excellent agree- 
ment with the values obtained by other methods. 


Keyphrases 0 CMC-polpsorbate 20, surface tension method 0 
Polysorbate 20-determination of CMC by surface tension method 


Surface tension method-determination of CMC for polysorbate 
20 


Among other methods, the surface tension method 
has been widely used to determine the CMC of a variety 
of nonionic surfactants (I) ,  and the validity of this 
technique has been well established (2). However, the 
surface tension method has not been used to  determine 
the CMC of the polysorbate family of surfactants, 
probably because of their alleged heterodisperse nature. 
Becher (1) cataloged the CMC values of polysorbate 
surfactants as determined by light-scattering and iodine 
solubilization methods, but no application of the sur- 
face tension method was mentioned. The surface ten- 
sion method for the determination of CMC is more 
accurate than the light-scattering technique; with solu- 
bilization methods, one is always doubtful whether 
or not the solubilized material lowered the actual CMC. 


Phares (3) studied the surface and interfacial behavior 
of polysorbate 20 and tabulated the values of surface 
tension (7) as a function of concentration (C) ,  but he 
did not discuss the CMC. His data did not yield a 
definite value of the CMC because of the difficulties 
outlined later. In the present article, results are reported 
on the surface tension behavior of polysorbate 20 and 
the value of the CMC derived from the plot y uersus 
log c. 


EXPERIMENTAL 


The label of the polysorbate 201 sample used read polyoxyethylene 
(20) sorbitan monolaurate, HLB, 16.7. A stock solution containing 
10.0 mg./ml. of polysorbate 20 was prepared using distilled water; 
from this stock solution, solutions of varying concentrations in the 
range 10.0-0.001 mg./ml. were prepared by dilution. As the molec- 
ular weights of such nonionics is not known with certitude, the 
concentrations are expressed in milligrams per milliliter. Surface 
tension (7) values were obtained using an interfacial tensiometer2; 
the correction factor was calculated as suggested by Harkins and 
Jordan (4). The measured values of y for toluene and water were in 
good agreement with literature values. The following important 
points concerning the actual experimental conditions and the mode 
of measuring y for polysorbate 20 solutions should be mentioned. 


1 .  All measurements were made at  28 ". 
2. The solutions used were 9-10 hr. old, i .e.,  9-10 hr. elapsed after 


the dilution and before the measurement of y. 
3. The fresh solution-air interface was left undisturbed for 3-5 


min. before measurement of y ;  this procedure was necessary to 
obtain reliable and constant values of y. During this interval (3-5 
min.), y decreased quite appreciably (in some cases by 5-6 dynes/ 
cm.); after that time, y values were quite concordant. The change of 
y during this initial period could be attributed to the diffusion of 
surfactant molecules from the bulk to the interface. 


RESULTS AND DISCUSSION 


The plot of y versus log C is shown in Fig. 1 .  It is clear that 
initially y varies linearly with log C up to a concentration of 0.06 
mg./ml. and then stays practically constant for more concentrated 
solutions, i.a.. up to 10.0 mg./ml. (which is 160 times 0.06 mg./ml.). 
To be precise, y decreases slightly (1  .O dyne/cm.) in the concentra- 
tion range from 0.06 to 1 .OO mg./ml. and is essentially constant for 
higher concentrations. Furthermore, the break in the plot of y 
Llcrsus log Cis quite sharp considering the broad molecular distribu- 
tion of the nonionic, which suggests that the CMC value for poly- 
sorbate 20 is in the vicinity of 0.06 mg./ml. If the two straight-line 
portions in Fig. 1 are extended, they cross a t  a concentration of 0.05 
mg./ml.; this indicates that the CMC of polysorbate 20 determined 
by the extrapolation procedure is 0.05 mg./ml. In any case, the pres- 
ent results suggest clearly that the CMC of polysorbate 20 lies 


l Tween 20, Atlas Chemical Industries, Wilmington, Del. 
2 Cenco Du Nouy. 
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High Pressure Liquid Chromatography of 
Benzodiazepines: Analysis of Ketazolam 


D. J. WEBER 


Abstract 0 The analysis of ketazolam is complicated by the fact that 
there is a very slow release of diazepam in a nonaqueous system. 
High pressure liquid chromatography, a rapid room temperature 
separation process, appears uniquely useful for this analysis since 
TLC is difficult and GC procedures are not quantitative or are un- 
able to separate ketazolam from the breakdown products. Results of 
the analysis indicate that the solid-state stability of ketazolam is 
good. The rate of ketazolam degradation in a nonaqueous, aprotic 
solvent was measured and shown to be a first-order process with a 
half-life of 59 hr. at  26". Evidence is given showing that diazepam 
is probably the sole degradation product in the nonaqueous solvent. 
Data showing the detection sensitivity of diazepam and ketazolam 
are given, and a comparison with some other benzodiazepines is 
made. 


Keyphrases Ketazolam--half-life, separation from diazepam, 
analysis, high pressure liquid chromatography 0 Benzodiaze- 
pines-separation, analysis, high pressure liquid chromatography 0 
High pressure liquid chromatography-analysis, ketazolam-, 
diazepam, nitrazepam, oxazepam 


A wide variety of psychotherapeutic drugs based on 
the benzodiazepine structure have been tested and a 
number of them have been marketed. Some of the mar- 
keted drugs are diazepam, oxazepam, and nitrazepam. 
Another highly active benzodiazepine of therapeutic 
interest is ketazolam. 


The GC of benzodiazepines was previously reported 
(1, 2); it required no derivative formation and used 
simple, rapid, extraction procedures to isolate the drug 
from serum or urine. The amount injected onto the 
column ranged from a few nanograms (1) to several 
hundred nanograms (2). The high pressure liquid chro- 
matography of some benzodiazepines was also reported 
(3). However, the true potential of the technique was 
not demonstrated since the amounts injected were in the 
microgram range and the mobile phase used caused 
some deterioration of the stationary phase. Other ana- 
lytical techniques for benzodiazepines suffer from a lack 
of specificity (4 -6) or are too slow (7). 


An attempt at  GC analysis of ketazolam showed' 
t h a t  the drug immediately pyrolyzed to produce di- 


azepam. Thus, a mixture of ketazolam and diazepam 
gave a single diazepam peak and no analysis was possi- 
ble. Since diazepam is used as the starting material in 
the synthesis of ketazolam (8), it is important to  have 
available an analytical procedure that can rapidly dif- 
ferentiate ketazolam from diazepam. This paper de- 
scribes a liquid chromatographic analytical procedure 
for separating ketazolam from diazepam and also gives 
a better estimate of the ultimate sensitivity of high pres- 
sure, high performance liquid chromatographic analysis 
of some benzodiazepines. 


A 


ketazolam 0 5 10 15  
MINUTES 


Figure 2-Typical liqiiid chrotnrrtoyranz of ( A )  590 rig. of ketazolam. 
aiid ( B )  24 rig. o/ diuzepani or1 a C o r u d  II col i i im M ith (I 15 7 fetm- 
/~.vdroliirarz-85 is0Prop.d ether mobile phase. Sensiticit.v is 0.02 
absorbance unit /irll-scale. 


1 F. S. Ebcrts, Jr., private communication, The Upjohn CO., I<alama- 
700. MI 49001 
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Table I-Peak Height of Diazepam as a Function of 
Nanograms Injected 


Nanograms Microliters Peak" 
Injected Injected Height, mm. 


8.65  


17.30 


25.95 


43.26 


86.53 


129.79 


216.32 


1 34 .0  
33.5 
34.5 
69 .0  
68 .O 


105.0 
106.5 
160.0 
162.0 
350.0 
340.0 
528.0 
530.0 
817.6 
739.2 


432.64 2 1688.0 
1680.0 


648.96 3 2568.0 
2568.0 


Calculated at a sensitivity of 0.005 absorbance unit full-scale deflec- 
tion. 


EXPERIMENTAL 


Materials-Samples of diazepamz, oxazepamJ, and nitrazepan+ 
were obtained commercially and used as received. Two samples of 
micronized ketazolam, prepared by the literature method (8), had . -  
the following analysis. 


And.-Calc. for C?nHI,CINz0~: C. 65.13: H. 4.65; C1. 9.61: 
N, 7.60. Found: C, 651;; 65.19;-H, 4.64, 4.69; C1, 9.78, 9.65; N, 
7.70, 7.59. 


Liquid Chromatography-Approximately 5.0-mg. samples of each 
benzodiazepine were accurately weighed into 25-ml. volumetric 
flasks, dissolved in sufficient mobile phase, and diluted to the mark. 
The time for 50% dissolution of ketazolam was estimated to be 
about 1.0 min. and was recorded as zero time in the rate studies. 
The tetrahydrof~ran~ (I) was a special grade packed under nitrogen 
and it contained no antioxidant. The isopropyl ethers (11) contained 
a small amount of UV absorbing antioxidant. 


The liquid chromatograph6 was equipped with 1-m. columns. 
A Corasil IP column was used for the separation of ketazolam and 
diazepam, and a Durapak-OPN/Poracil C7 column was used for 
the chromatography of diazepam, oxazepam, and nitrazepam alone. 
The mobile phases were 10% I plus 90% I1 for the OPN/Poracil C 
column and 15% I plus 85% I1 for the Corasil I1 column work. The 


400 1 q W 


I 200 


0 20 40 60 80 100 120 
NANOGRAMS O N  COLUMN 


Figure 2-High pressure liquid chromatography of diazepam. Column 
= Corasil II ;  mobile phase = 15% tetrahydrofuran45z isopropyl 
ether, pressure = 200 p.s.i., and sensitivity = 0.005 absorbance 
unit f ull-scale. 


2 Hoffmann-La Roche. 
3 Wyeth. 
4 Burdick and Jackson Labs. 
6 Union Carbide. 
6 Model 820, DuPont Instrument Products. 
7 Waters Associates. 


Table 11-Liquid Chromatographic Analysis of Diazepam Content 
of Ketazolam Clinical Batches5 as a Function of Time 


Micro- Diazepam Nano- 
liters Peak grams 


Nanograms In- Height, of Diaze- Min- 
Run Injected jected mm. Pam utes 


Lot B 
1 654.12 3 37 .0  8 . 3  4 . 0  
2 654.12 3 46 .7  10 .6  18 .0  
3 654.12 3 51 . O  11.6 33 .0  
4 654.12 3 66 .0  15 .2  56 .0  


1 635.76 3 72.7 16.7 7 . 0  
2 635.76 3 78 .5  18.1 20 .0  
3 635.76 3 86 .2  19.8 33 .0  
4 635.76 3 93 .0  21 .6  4 7 . 0  


Lot A 


a The loss of ketazolam during the time of analysis was: B. 1.17% 
(0.0209 %/min.); and A, 0.94% (0.0199 %bin . ) .  


flow rates were 1.0 (Corasil 11) and 1.25 (OPN/Poracil C) ml./min. 
under a pressure of 200 p.s.i. Samples of I-4jd. were injected with a 
10-pl. syringes using the stop-flow technique. All measurements were 
made at  room temperature (26"). Detection was by UV absorbance 
at 254 nm. 


Rate Studies-Since ketazolam slowly breaks down to diazepam 
in the tetrahydrofuran-isopropyl ether solvent system it was neces- 
sary to assay repeatedly the test solutions as a function of time and to 
extrapolate the results to zero time. Solutions were prepared as pre- 
viously described and analyzed using the Corasil I1 column. Injec- 
tions of I-, 2-, or 3-pI. samples of the degrading solution were made 
and the results were analyzed kinetically. 


RESULTS AND DISCUSSION 


Chromatography of Ketazolam and Diazepam-An example of a 
typical separation of ketazolam from diazepam is shown in Fig. 1 .  
The retention times of diazepam and ketazolam are 3.5 and 7.5 min., 
respectively. The linearity of a plot of diazepam peak height versus 
nanograms on column is shown in Fig. 2 Additional data in Table 
I indicate that the calibration curve is linear to at least 650 ng. The 
data in Fig. 2 indicate that about 5 ng. of diazepam on column is the 
lower limit of measurement. A plot of nanograms of ketazolam ver- 
sus peak height is shown in Fig. 3. The response is linear but is less 
sensitive than for diazepam. The lower limit of measurement is about 
30 ng. The scatter of the points in Fig. 3 is due to the fact that the 
stock standard solution of ketazolarn in the mobile phase is not 
stable and must be continually corrected for the increasing diazepam 
content. 


Analysis of Diazepam Content of Ketazolam-The data given in 
Table I1 and the example plotted in Fig. 4 indicate that the initial 
rate of conversion of ketazolam to diazepam is linear and approxi- 
mately equal for both samples, as would be expected for first-order 


PEAK HEIGHT, nim. 


Figure 3-PIol of nanograms of ketazolum on column versus peak 
height. The ordinate was corrected,for diazepam content. 


8 Precision Sampling Corp. 
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Table In-Diazepam Content of Ketazolam as a Function of Time 


Peak Height of 
Minutes Diazepam, rnrn. 


0 
40 
55 


115 
130 
145 
159 
177 
193 
24 1 
26 1 
275 
288 
301 
315 


1767 
1783 
321 5 


m 


26.00 
43 .0  
54.0 
85.0 
96.0 
97 .2  


102.0 
103.0 
108.0 
136.5 
144.5 
160.0 
187.5 
172.5 
176.8 
616.8 
660.0 
937.6 


2023. Ob 


a The initial content of diazepam represents 1.06% of the sample. 
*This is a calculated value assuming complete conversion to diazepam. 


degrading solutions of nearly equal concentrations. The extrapolated 
zero-time diazepam contents of ketazolam Lots A and B are 2.48 
and 1.18x, respectively. The A and B samples were 1 and 2 years 
old, respectively, and had been stored in closed bottles at  room tem- 
perature. Despite the instability of ketazolam in the tetrahydro- 
furan-isopropyl ether mobile phase, it appears that the drug is quite 
stable in the solid state. 


Products and Rate of Conversion of Ketazolam-The data in Table 
11, plotted as in Fig. 4, have essentially the same slopes which are 
equal to 0.13 and 0.12 ng./min. These slopes represent the initial 
rates of conversion of ketazolam to diazepam and are equal to 
0.0210 and 0.0199 %/min., respectively. Therefore, a t  these concen- 


23 t- / 


I l l  


0 4 12 20 28 36 44 52 60 
MINUTES 


Figure &Plot of diazepam content versus time for  ketazolam, Lot A .  
Slope is 0.12 ng./min. Diazepam content at to is 2 .48x.  
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Figure 5-First-order plot of .formation of diazepam from ketazolam 
in IS% tetrahydrofuran-8.52 isopropyl ether at 26". The rate con- 
stant is 1.94 X I@' min.-I and the half-life is 59.6 hr. 


o v  I I I I I 


0 100 200 300 400 500 
PEAK HEIGHT, rnrn. 


Figure 6-High pressure liquid chromatography of nitrazepam. 
Column = OPN-Poracil C, mobile phase = 10% tetrahydrofuran- 
9 0 2  isopropyl ether, pressure = 200 p.s.i., and sensitivity = 0.005 
absorbance unit full-scale. 


trations and in this particular solvent system, less than a 0.52; 
change in ketazolam content would be expected to occur during the 
20 min. needed for the injection and elution of a single sample. 
This change is acceptable for most analyses of ketazolani content 
of a sample, but accurate analysis of a minor component such as 
diazepam requires multiple assays as a function of time and extra- 
polation to zero ti me. 


Two aged solutions of ketazolam in 15% I-85% I1 were analyzed 
for residual ketazolam content. A 46-day-old sample (55.0 mcg./ml. ) 
showed no residual ketazolam, and the peak of the formed diazepam 
was 97% of the height expected assuming a 1 : 1 conversion of 
ketazolam to diazepam. A 3-day-old sample (214.7 rncg./ml.) in the 
same solvent showed 4 3 . 6 2  of the ketazolam still remaining. The 
height of the formed diazepam peak was 94% of the height ex- 
pected for 1 : 1 conversion of ketazolam to diazepam. These data 
indicate that, under the experimental conditions, the breakdown of 
ketazolam results in the formation of diazepam and that further 
degradation of diazepam probably does not occur. 


A sample of ketazolam different from Lots A and B was dis- 
solved in 15 I1 and analyzed for the initial diazepam con- 1-85 
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Figure 7-High pressure liquid chromatography of oxazepam. Col- 
umn = OPN-Poracil C,  mobile phase = 10% tetrahydrofuran-90$ 
isopropyl ether, pressure = 200 p.s.i., and sensitivity = 0.005 ab- 
sorbance unit full-scale. 
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Figure 8-Separation of diazepam, nitrazepam, and oxazepam using 
liigli pressure liquid chromatography. 


tent and the rate of diazepam increase. The results are given in 
Table 111. A plot of the initial data of Table 111 gave a slope of 
0.0191 %/min., which is in excellent agreement with the values 


found for Lots A and B. The intercept of the initial data was 26 
mm. and represents 1.06% diazepam in the original sample. A 
semilog plot of the data in Table 111 is shown in Fig. 5 .  The slope 
of the line corresponds to  a first-order rate constant of 1.94 X 
10-4 m h - 1  and a half-life of 59.6 hr. a t  20". 


Since the 15% I-85% I1 solvent system is a dry, nonacidic, 
neutral solvent, acid or base catalysis is not occurring and the 
observed decomposition is probably due to spontaneous elimination 
of the elements of diketene resulting in the formation of diazepam. 


Chromatography of Nitrazepam and Oxazepam-The data in Figs. 
2 and 3 indicate that about 5 ng. of diazepam and 30 ng. of keta- 
zolam on column are the lower limits of measurement (10-mm. peak) 
for the two drugs. This represents nearly ;% 1000-fold increase in sen- 
sitivity when compared with the results previously reported (3). 
Extension of these results t o  nitrazepam and oxazepam gave the re- 
sults shown in Figs. 6 and 7. The plots are linear over a wide range 
and the limits of measurement are 15 and 40 ng. for nitrazepam and 
oxazepam, respectively. The sensitivity of measurement of both ni- 
trazepam and oxazepam can be increased by raising the concentra- 
tion of I in the mobile phase. This results in a smaller retention time 
and a higher peak. An example of the separation of diazepam, nitra- 
zepam, and oxazepam is shown in Fig. 8. 


SUMMARY 


The separation and analysis of sample:; containing ketazolam and 
diazepam were described, demonstrating the properties of speed, 
sensitivity, and gentle treatment of samples by high pressure liquid 
chromatography. Data were given showing that ketazolam breaks 
down to  diazepam, with a half-life of 59 hr., in a nonaqueous, dry, 
aprotic solvent a t  26". The lower lim!t of on-column measure- 
ment of benzodiazepines was shown to  be in the very low nanogram 
range, in contrast t o  previous literature data which seemed to in- 
dicate that microgram quantities were needed for injection. The 
separation of diazepam, nitrazepam, and oxazepam using a stable 
column-mobile phase combination was described. 
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Interaction of Hexachlorophene with Human Epidermis II: 
Comparison of Kinetic and Equilibrium In Viuo Results 
Obtained by Direct and Bioelectrometric Methods 


V. F. SMOLEN' and R. I. POUST* 


Abstract 0 The equilibrium uptake and release as well as the 
kinetics of hexachlorophene sorption and desorption on human 
epidermis were studied in uiuo, utilizing a bioelectrometric tech- 
nique and, more directly, a spectrophotometric assay for hexa- 
chlorophene cleared from and elutriated into aqueous solution. 
Kinetic and equilibrium results were obtained with 10 initial con- 
centrations ranging from 0.116 t o  1.26 mmoles/l. in a buffered 
medium a t  pH 10. Direct determinations of the uptake and subse- 
quent studies of the release kinetics of hexachlorophene from the 
skin revealed that an average 41.6% of the hexachlorophene is re- 
coverable by elutriation from the contents of three apparent kinetic 
compartments. Least-squares values of the half-lives of 1.42, 12.1, 
and 30.9 min. were found to correspond to each compartment. 
Wash-off experiments conducted for up to 400 min. revealed the 
operation of a fourth compartment with a half-life of approximately 
274 rnin. Comparable kinetic and equilibrium results obtained 
electrometrically, in the form of the time course and equilibrium 
variation of the net fixedcharge density on the epidermal colloids, 
correlated with those obtained by direct assay for the slower com- 
partments. The slower compartments were attributed to  tissue- 
interacted hexachlorophene and the fastest compartment to its 
distribution into tissue-free space. 


Keyphrases 0 Hexachiorophene- xquilibrium and kinetics of 
sorption-desorption on human epidermis, bioelectrometric deter- 
mination, compared to spectrophotometric determination 0 
Epidermis, human-equilibrium and kinetics of hexachlorophene 
sorption-desorption, bioelectrometric determination, compared to 
spectrophotometric determination 0 Bioelectrometric determina- 
tion+equilibrium and kinetics of sorption-desorption, hexa- 
chlorophene on human epidermis, compared to spectrophotometric 
determination 0 Sorption-desorption equilibrium and kinetics- 
hexachlorophene on human epidermis 


Hexachlorophene is the active constituent of many 
substantively active antibacterial skin care products. 
To promote the effectiveness and minimize the toxicity 
of such products, it becomes important to elucidate the. 
kinetics and mechanisms of the processes involved in 
the interaction of hexachlorophene with human skin. 
Following transient exposure of the skin to hexa- 
chlorophene, the substantive antibacterial behavior of 
hexachlorophene can readily be envisaged to depend 
upon the extent of hexachlorophene sorption onto 
epidermal colloids and the rate(s) at which it subse- 
quently becomes available to affect microorganisms. 
Optimally, a maximum quantity of the agent would be- 
come sorbed very rapidly; following removal of the 
hexachlorophene reservoir contained in the vehicle 
in which it is applied, the residual sorbed hexachloro- 
phene should become available at a rate sufficient to 
maintain an antibacterially effective level of the agent 
on the skin for a maximal period of time. Since these 
processes can be expected to  be influenced by the other 
constituents of a product formulation, it is obviously 
of interest to quantitate and describe mechanistically 


the hexachlorophene-skin interaction behavior under 
controlled conditions in order subsequently to  gauge 
and possibly predict the influence of adjuvants. 


The first report (1) in the present series described the 
successful implementation of a bioelectrometric method 
to the elucidation of the influence of pH on the hexa- 
chlorophene-induced change in the net density of fixed 
charge residing on the colloids constituting the epi- 
dermal surface. A subsequent report provided con- 
firmatory predictive evidence for the postulated mecha- 
nisms (2). The bioelectrometric method is advantaged 
by its rapidity, convenience, entirely innocuous nature, 
and ability to be applied under actual product use 
conditions using human subjects. As previously re- 
ported (1-6), the results obtained with this technique 
often can be interpreted to  provide considerable insight 
into the molecular and bioelectronic mechanisms of the 
observed phenomena. 


The purposes of the present study were: (a) to  eluci- 
date the dynamics of hexachlorophene-skin interaction 
behavior, and (b)  to assess further the utility of the bio- 
electrometric technique in its application to the char- 
acterization of the kinetic and equilibrium sorption 
properties of hexachlorophene on human skin. These 
objectives were approached by designing experimenta- 
tion that permitted a comparison of electrometric re- 
sults with similar data derived more directly from the 
detection of hexachlorophene by spectrophotometric 
assay. 


MATERIALS AND METHODS 


Materials-The composition of the solutions and the apparatus 
used in this study were reported previously ( I ) .  The experiments 
were performed with 21-25-year-old human male volunteers. 


Electrometric Monitoring of Hexachlorophene Sorption Ki- 
netics-The time variation of hexachlorophene sorption onto human 
finger epidermis was followed through the implementation of an 
electrometric method; the method involves the measurement of 
potential differences, i.e., dilution potentials, Ed, from which the 
fixed-charge density, f, of the tissue surface can be computed. The 
magnitude of observed changes in fixed-charge density reflect the 
extent of solute interaction with the tissue surface (4). The details 
of the experimental procedure for the measurement of E d  ( I ,  6), 
as well as the treatment and interpretation of results (l-6), were 
described previously. The verity of the quantitative representation 
of the fixed-charge density of colloid surfaces by measured values 
of Ed was confirmed by direct experimentation (7). 
In the present work, hexachlorophene sorption was studied from 


10 different pH 10 buffered hexachlorophene solutions with con- 
centrations varying from 0.1 16 t o  1.26 mmoles/l. A pH 10 medium 
was chosen because of the previously observed ( I )  sensitivity of the 
fixed-charge density of the epidermal surface in the vicinity of pH 
10 and the observation that dilute dispersions of a commercial 
hexachlorophene-containing deodorant bath soap in deionized 
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Figure I-Results of an electrometric study of the sorption kinetics 
of liexachloroplietie onto human epidermis from a 0.340-mmole/l. hexa- 
clilorophene solufiotr at pH 10.0; Aft is fhe obserced change in the 
detisity o f jxed  charge at any time 1, and Af4a is the obsemed change 
ajier 46 min. Each poitit is the acerage of a mbrimum of four replica- 
tiotis performed oil each of two subjects. 


water possessed a pH of approximately 10. The composition of the 
buffer and the preparation of solutions were described earlier ( I ) .  


The time variation of hexachlorophene-induced changes in Ed 
was observed following the immersion of pretreated ( I )  fingers 
into a solution of hexachlorophene. Values of Ed were recorded at 
predetermined intervals up to  46 min.; it was found in preliminary 
studies that this length of time was necessary and sufficient for 
Ed values to become relatively constant, i.e., vary less than 0.2 
mv./min. A constancy in Ed was assumed to indicate the achieve- 
ment of equilibrium. The observed values of Ed were transformed 
into the time course of change in fixed-charge density for each hexa- 
chlorophene solution by employing the alignment chart presented 
previously (I) .  The fixed-charge density of control fingers treated 
in an exact manner, except that they were soaked in the buffered 
vehicle without hexachlorophene, remained unchanged over the 
period of the sorption experiments. 


Following the soaking-on of hexachlorophene, the solutions were 
spectrophotometrically assayed for remaining hexachlorophene. 
The differences from the total amounts initially present in the solu- 
tions are the total quantities sorbed onto the skin. 


Spectrophotometric Determination of Hexachlorophene Desorg 
tion Dynamics-Immediately following the completion of the 
final potential measurement, the test fingers were removed from the 
hexachlorophene solution and any excess, clinging solution was 
blotted away. The fingers were then successively placed in contact 
with fixed volumes of 30 ml. of the pH 10 buffer solution for pre- 
selected time intervals, cumulatively totaling 68 min. One study 
was carried out with a 0.580-mmole/l. hexachlorophene solution to 
400 min. Control fingers differing only in not being exposed t o  
hexachlorophene at any time were treated in an identical manner. 
The solutions into which the hexachlorophene-equilibrated fingers 
were soaked were assayed spectrophotometrically for hexachloro- 
phene, using the control finger solutions as blanks t o  correct for 
any material washed from the skin which could conceivably inter- 
fere with the absorbance readings. 


The absorbance of the solutions was measured at  370 nm.. 
which was found to be the wavelength of maximum absorbance. 
A spectrophotometerl with 1-cm. silica cells was used. A Beer’s 
law plot was found to  be linear over the concentration range of 0- 
0.12 mmole/l., using the pH LO buffer as the vehicle; the molar ab- 
sorptivity was 8.05 x lo3. The overall average error of precision of 
the assay was 0.23x. 


RESULTS 


Electrometrically Studied Sorption Kinetics-The data obtained 
in the electrometric experiments were treated in a manner that 


1 Beckman DU. 


Table I-Summary of Half-Lives and Correlation Coefficients 
for Electrometric Monitoring of Hexachlorophene Sorption on 
Human Finger Epidermis 


Initial 
Hexachlorophene 
Concentrat ion, Half -Lives, Correlation 


mmoles/l. min. Coefficients 


0.116 
0.235 
0.340 
0.448 
0.570 
0.700 
0.810 
0.975 
1.060 
1.260 


40.0 
16.7 
21.1 
23.5 
14.5 
18.7 
17.7 
15.9 
16.4 
14.8 


~ 


-0.850 
-0.839 
-0.931 
-0.929 
-0.898 
-0.901 
-0.865 
-0.835 
-0.759 
-0.879 


allowed the results to be subsequently directly correlated with the 
results of the spectrophotometrically studied desorption kinetics. 
Values of (f, - J’/& - f,) were calculated, where Jf is the fixed- 
charge density at any time t ,  /; is the fixed-charge density at zero 
time, and f ,  is the asymptotic value of the fixed-charge density ap- 
proached at  or beyond 46 min. Semilogarithmic plots of ( f ,  - JJ 
f o  - .f,) uersus time, as exemplified in Fig. I ,  were constructed for 
each hexachlorophene solution studied. For the majority of cases, 
the plots were quite linear. The plotted results are summarized in 
Table I by the listing of apparent first-order rate constants com- 
puted from the least-squares slopes of lines drawn through the 
points and the Pearson product-moment linear correlation coeffi- 
cients. From these results, it appears that the kinetics of hexachloro- 
phene-skin interactions, which are reflected in the electrometric re- 
sults, can be described as apparent first order in most instances. 
However, the relatively low values of the linear correlation co- 
efficient observed for some cases may be indicative of the operation 
of a more complex mechanism of interaction, even though the ap- 
parent independence of the rate constants on hexachlorophene 
composition further supports the assumption of first-order kinetics. 


Spectrophotometric Study of Hexachlorophene Desorption-The 
cumulative amounts of hexachlorophene elutriatively recovered 
from the skin approached an asymptotic value in all cases. The 
cumulative amounts recovered were subtracted from the asymptotic 
values and were plotted as a function ofcumulative soaking time on 
semilogarithmic coordinates; Fig. 2 represents a typical plot. 
These results were further analyzed by resolving the curves into a 
sum of contributing exponential terms as given by a. 1, where 
A f  is the quantity of hexachlorophene remaining to be desorbed, 
i.e., the difference between the asymptotic value A, and the cumula- 
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Figure 2-Time cariation of the logarithm of the quantity of hexu- 
chlorophene remaining to be released from human epidermis at p H  
I0 following soaking in a p H  10, 0.340-mmole/l. solufioti for 46 
min. The lower plots represent a least-squares rrsolufion of the 
desorption process into three exponenfial confribu lions. Each point 
is the acerage of four replications on each of two subjects. 
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h Table 11-Summary of Half-Lives for Each Compartment at 
Each Initial Hexachlorophene Concentration and Sum of 
Squares for Desorption Kinetic Data Which Has Been 
Converted to Sorption Values 


Initial Hexa- 
chlorophene -Half-Lives, min.- 


Concentration, -Compartment- Sum of 
mmoles/l. 1 2 3 Squares 


0.116 28.6 8 . 4  8 .30  0.0260 
0.235 49 .2  12 .3  1.27 0.0658 
0.340 31.4 14.4 1 .50  0.0371 
0.448 31.2 8 . 6  2 .72  0.2061 
0.570 32.8 9 . 6  1.21 0.1271 
0 .700  20 .4  16.4 1.14 0.5636 
0.810 19 .3  15.9 1 .oo 0.5565 
0.975 31.6 14.8 1 . 1 3  0.5459 
1.060 21 .2  43 .0  1 . 8 1  0.4147 
1 ,260 38 .8  8 .1  0 .97  0.7901 


tive quantity recovered at any time: 
A t  = AIOe-Kit + A20e-xzt + A30e-Kat 


Values of the apparent transfer rate constants (K,, K2, and K3) 
and intercepts (A?,  A0, and A30) were initially estimated using a 
computerized "peeling-off technique" (8-lo), which allows a se- 
lection of the number of exponential terms (up to  four) that are 
best included in the summation. Refined values of these param- 
eters were obtained using a computerized iterative search conver- 
gence technique (9, lo), similar to  the systematized iterative guess- 
ing method described by Ackerman and Hazelrig ( 1 1 )  which yields 
the weighted least sum of squares best fit to the experimental data. 
Values of half-lives were calculated as t l 1 2  = 0.693/K, for each value 
of Ki. These values, as well as the sum of squares corresponding 
to each multiexponential fit to  the data, are presented in Table 11. 
Figure 2 is representative of the graphical results. The upper curve 
shows the experimental points scattered around the least-squares 
multiexponential curve; the curve is the sum of the three linear ex- 
ponential contributions, plotted in the figure, into which the curve 
was resolved. The hexachlorophene wash-off experiment, which 
was extended to 400 min., revealed an additional exponential 
contribution having a half-life of 274 min. In view of the numerous 
reports of substantive antibacterial effects (12-14), a slow release 
of residual hexachlorophene from the skin is not unexpected. In- 
spection of Table 11 reveals no general pattern of dependency of the 
apparent hexachlorophene desorption half-lives on the hexachloro- 
phene concentration in the soaking-on solutions. 


Equilibrium Sorption-The total uptake and recovery equilibrium 
quantities of hexachlorophene are listed in Table I11 along with the 


0%. 1) 


Table 111-Equilibrium Results of Hexachlorophene Uptake and 
Release from Human Finger Epidermis" 


Total* 
Hexa- Totalc 


Hexa- chloro- Hexa- 
chloro- phene chloro- 
phene Sorbed, phene 


Concen- mmoles/ Recovered, Fixed-Charge Interceptsd in 
tration, cm.2 x mmoles/ Density, ,mmoles/cm.2X 10% 


mmoles/l. 106 cm.2 X l o 5  meq./l. A10 Azo A30 


-323 f 17 - - - - - 0 
0.116 5 . 3 6  2.85 -283 f 21 2.18 0.57 0.08 
0.235 15.00 5.71 -270f  66 3.95 1.06 0.70 
0.340 14.30 5.72 -262f  29 3 .80  0 .94  0 . 9 4  
0.448 22.00 9 .52  -258 * 24 5.80 3 .20  0 .52  
0.570 30.00 9 .62  -251 f 33 6.17 2.43 1 .00  
0.700 45.60 11.90 -270 f 20 8.00 2 .70  1.25 
0.810 43.70 11.90 -253 f 26 8.60 2.10 1.25 
0.975 50.60 18.90 -252 f 10 13.50 4.15 1 .00  
1.06 51.40 20.00 -253 f 14 14.78 2.76 2.17 
1.26 56.20 20.00 -246 f 16 15.00 3.40 1 . 5 1  


~ ~__________ ~ _ _ _ _ _ _  


Q Each value is the average of a minimum of four determinations on 
two subjects, * Quantities of hexachlorophene cleared from solution in 
46 min.lcm.2 of exposed finger. c Total quantities of hexachlorophene 
elutriatively recovered in 68 min. d Intercepts for each log-linear com- 
ponent of weighted least-squares fits to the time course of elutriative 
removal of residual hexachlorophene from finger epidermis. 


W 


Scheme 1 


equilibrium electrometric results. The total amount of hexachloro- 
phene elutriatively recoverable in a wash-off experiment is given 


by the sum of the intercepts, i.e., Z: A0, of semilogarithmic plots 


of the exponential terms contributing to describe the time varia- 
tion of the total residual hexachlorophene (e.g., see Fig. 2). The 
AiO values are listed In Table 111. A linear least-squares regression 
plot of the total amounts of hexachlorophene detected to  be elutri- 
atively recoverable in the 68-min. wash-off experiments as a func- 
tion of the total quantities cleared from the hexachlorophene solu- 
tions during the 46-min. soaking-on period provided a least- 
squares slope forced through the origin of 0.416. The linear cor- 
relation coefficient is 0.91, which is significant at p < 0.01. The 
slope of the curve indicates that an average41.6z of the hexachloro- 
phene taken up by the skin was recovered in 68 min. Increasing 
the desorption time to 400 min. increased the relative amount re- 
covered to 55.0%. The remaining 45.075 may be assumed to  be ir- 
retrievable or recoverable only very slowly. 


n 


i = l  


DISCUSSION 


Relationship between Electrometrically Monitored Sorption and 
Spectrophotometrically Determined Desorption-The wash off of 
hexachlorophene from the skin can be described as simultaneously 
occurring from a number of compartments into which it had 
originally distributed. Physically these compartments may be 
comprised of: (a)  hexachlorophene in residual, clinging hexachloro- 
phene solution and hexachlorophene solution that is absorbed into 
free tissue space such as is contained in the spongy keratin matrix 
of the skin; (b )  hexachlorophene distributed into water of hydra- 
tion, i.e., water interacted with the epidermal colloids; (c )  hexa- 
chlorophene distributed into richly lipoidal regions; and ( d )  
hexachlorophene adsorbed onto any number of heterogeneous 
groups of tissue binding sites. 


The compartmented system may be represented as shown in 
Scheme I, with one equation of the type A i . r  = A;oe-Kif appropriate 
for each route of loss; A , , r  is the quantity of hexachlorophene re- 
maining in the ith compartment at time t ,  and Ai0 is the total 
equilibrium quantity which may be expected to  depend upon the 
concentration of the soaking-in solution, the distribution coeffi- 
cient(s), and the volume of the compartment, as well as the density 
and affinity of any binding sites. Scheme I obviously assumes that 
the release from each compartment behaves in at least a piecewise 
linear manner over the range of hexachlorophene content en- 
countered with each hexachlorophene wash-on solution. The ac- 
curacy of this assumption may be expected to  diminish with the 
concentration of the soaking-on solutions as the capacities of in- 
teraction sites tend to become saturated. That this is the case is 
indicated by the increase in the values of the least sums of squares 
of the multiexponential fits which occurs with increasing concen- 
trations; the values are listed in Table 11. However, inspection of 
the theoretical multiexponential fits to the data revealed them in 
each case to be satisfactory representations of the experimental 
points. 


In accordance with Scheme I, the fmctional content of a com- 
partment remaining at any time following the initiation of a wash- 
out experiment is given by Eq. 2: 


The fraction of the quantity of solute ultimately sorbed into a 
compartment at any time following the initiation of an uptake ex- 
periment is given by Eq. 3; the equilibrium content of the com- 
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Table IV-Summary of Correlation Coefficients for Direct 
(Converted from Desorption) and Electrometric Sorption 
Kinetics in the Two Major Contributing Compartments 50 I 


Initial 
Hexachlorophene 


Concentration, 
mmoles/l. 


-Correlation Coefficient-- 
-- Compartment- 


1 2 


0.116 
0.235 
0.340 
0.448 
0.570 
o. io0 
0.810 
0.975 
1.060 
1.260 


0.0537 
0.3937 
0.9985 
0.9996 
0.99ii  
0.9994 
0.9946 
0.9029 
0.7393 
0.1315 


0.9410 
0.9960 
0.9964 
0.6823 
0.9802 
0.9988 
0.9904 
0.8523 . . ~ -  


0.9303 
0.9760 


partment, i.e., at t = m ,  in an uptake experiment is assumed equal 
to the content of the compartment at  t = 0 in the wash-out ex- 
periment: 


Subtraction of A ; . l / A , o ,  corresponding to  any time following the 
initiation of an uptake experiment, from unity provides the the- 
oretical fractional content of the compartment at  the same time 
following the initiation of a wash-off study. By assuming that the 
content of one or more compartments during the uptake study is 
directly related to  the change in the fixed-charge density (A , /L )  of 
the epidermal surface colloids as determined electrometrically, 
the fractional content of the compartment is given by AJ/Aj,. 
The quantity 1 - (A///Afm) obtained in the electrometric uptake ex- 
periments may, therefore, be directly compared to  A,.JA,O values 
obtained in the spectrophotometric wash-off studies. The results 
of such comparisons are presented in Table IV; Pearson r values 
are listed for each hexachlorophene soaking-on solution. These 
values reflect the goodness of a linear correlation betweeen 1 - 
(A/;/Afm) and Ai.JA,O. The linear correlation coefficients are pre- 
sented only for the two slower compartments detected in the wash- 
off studies. The fastest compartment, Compartment 3, was not 
included because its contribution to the overall sum of exponentials, 
i.e., the total wash off, is negligible after about 10 min. whereas 
fixed-charge density changes in every case occur up t o  nearly 46 
min. 


The low values for Compartment 1 at the two lowest initial hexa- 
chlorophene concentrations may be due to  the very small amount 
of hexachlorophene taken up becoming distributed almost en- 
tirely into Compartment 2. Except for Compartment 1 at the two 
highest hexachlorophene concentrations and Compartment 2 
at 0.448 mmole/l., all other compartments showed a high degree of 
correlation with electrometric results. With the exceptions noted, 
it can be surmised that the hexachlorophene contained in both of 
the compartments is responsible for changes in the fixed-charge 
density of the epidermal surface. Due to  the extremely rapid re- 
moval of hexachlorophene from Compartment 3, it is likely that 
this compartment consists of tissue-free space, which may be con- 
sidered similarly to  extracellular space (15). It is apparent that the 
drug which is distributed into this compartment does not make a 
significant contribution to  changes in the fixed-charge density but 
may be in equilibrium with tissue-bound fractions of hexachloro- 
phene, which are more directly responsible in effecting the observed 
changes. The apparent volume of the epidermal tissue-free space 
can be readily estimated as approximately 3 .4z of the volume of 
the immersed fingers. The inordinately large magnitude of this 
value indicates it t o  be a solubility volume (8) in contrast t o  rep- 
resenting an actual physical space; the magnitude of the value is 
then attributable to  a tissue space/external solution partition co- 
efficient which is greater than unity. A value of 4%, obtained by 
an entirely different method, was reported previously (4). 


Equilibrium Sorption Characteristics-The total change in fixed- 
charge density at equilibrium and the total amount of hexachloro- 
phene estimated as bound onto the epidermal colloids are com- 
pared in Fig. 3. The bound hexachlorophene can be estimated as 


. - ,  
0 4 6 8 10 12 0 
HEXACHLOROPHENE CONCENTRATION, mmoles/l. 


Figure 3-Depetidency of liexachlorophetie-induced changes-in 
fixed-charge densify (0) atid quatitify of liexacliloroplietie sorbed 
from solurioti it? 46 miti. (A) atid elufriafively recoverable in 68 miti. 
(0) from humati finger skill-oti the extertial coiicentrafioii of hexa- 
chlorophene , 


the sum of the total amount of hexachlorophene contained in the 
slowest two compartments, i.e., the total recovered corrected for 
tissue-free space or, altxnatively, the total amount cleared from 
the soaking-in solutions. Both results are plotted in Fig. 3 as a 
function of the equilibrium free hexachlorophene concentration 
in the solutions. Linear correlations between the direct and elec- 
trometric results compared at  the same hexachlorophene concen- 
trations indicated that they were in each case signikantly the same 
at  the p < 0.05 level. From the somewhat hyperbolic shape of the 
curves in Fig. 3, it may be speculated that the binding of hexa- 
chlorophene t o  the skin exhibits Langmuirian-type behavior; 
i.e., hexachlorophene is bound t o  independent, equivalent sites. 
This type of binding was reported by Breuer (16-18) for various 
phenolic compounds interacting with human hair. 


SUMMARY AND CONCLUSIONS 


The dynamic and equilibrium interaction behavior of hexa- 
chlorophene with human epidermis was studied electrometrically 
and, more directly, by employing a spectrophotometric assay. 
A comparison of the results showed the two methods to  be in good 
correlative agreement. The electrometric procedure is advantaged 
by its relative convenience and rapidity as well as its capability to 
reflect selectively the quantity of hexachlorophene on the skin that 
resides in the slower compartments and likely exists bound to the 
epidermal colloids. These compartments contain the fractions of the 
total residual hexachlorophene, which is recoverable, and can be 
expected to  be predominantly responsible for any substantive anti- 
bacterial activity of hexachlorophene on the skin. 


The compartment having an average half-life of hexachloro- 
phene release of approximately 36 min. contains the largest relative 
quantity that can be detected t o  be recoverable within 400 min. 
Provided the kinetics are not affected by other components of a 
product formulation, the quantities contained in the faster compart- 
ments are considerably less; in a practical skin-cleansing situation 
with an antibacterial soap, for example, the contents of the faster 
compartments may be appreciably deleted by loss into the rinse 
water alone. The slower compartment, having a half-life of 274 min., 
contains relatively little hexachlorophene and provides it at a rate 
that may be anticipated as too slow t o  make an appreciable con- 
tribution t o  the free, antibacterially active, hexachlorophene con- 
centration present on  the skin following its transient exposure t o  
hexachlorophene onto the skin surface. Any slower compartments, 
if they exist, could be expected t o  be of even less significance. 
Even if it is assumed that the diffusive transfer of hexachlorophene 
within and from the skin might be unidirectionally favored to  the 
exterior, the slower the rates of desorption of hexachlorophene 
the greater is the expectation that the hexachlorophene which is not 
elutriatively recovered becomes irretrievably lost through percuta- 
neous absorption. 
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Oral and Parenteral Formulations of Marijuana Constituents 


HARRIS ROSENKRANTZ*A, GEORGE R. THOMPSON*, and MONIQUE C. BRAUDEt 


Abstract 0 The lack of detailed information on the manipulation 
and preparation of cannabinoid formulations prompted an in- 
vestigation of useful vehicles for administration of tetrahydro- 
cannabinols and crude marijuana extracts. It was found that pure 
A9- and As-tetrahydrocannabinols could be quantitatively handled 
by chipping samples at 4“, transferring them to cold receptacles 
for weighing, and, after liquefying the cannabinoid at 50”, adding a 
warmed vehicle for further transfers and final dilution. Tetrahy- 
drocannabinol samples larger than 10 g. were liquefied at 55” and 
poured directly into a tared receptacle. Crude marijuana extract 
samples were smeared on tared receptacles and diluted and trans- 
ferred as above. Stock solutions of cannabinoid in sesame oil were 
stable for months and could be used directly for oral administra- 
tion or for formulating injectables. Suitable emulsions for paren- 
teral use consisted of sesame oil (10-15%7,) plus polysorbate 80 (0.4- 
1 %) in saline containing up to 4% tetrahydrocannabinol or sesame 


oil (5-10 %) plus polyvinylpyrrolidone (4-5 %) containing approxi- 
mately 1 %  cannabinoid. Such an approach incorporated an in- 
nocuous vehicle, did not require the presence or removal of an 
organic solvent, provided wide latitude for needed concentrations 
of cannabinoid, and was timesaving. The ratio of emulsifier and 
cannabinoid was critical for stable emulsions. 
Keyphrases 0 Marijuana constituents-oral and parenteral for- 
mulations, stability in various solvents, biological evaluation of 
formulations, vehicle toxicity 0 Toxicity, vehicle-stability of 
marijuana constituents in various solvents, biological evaluation of 
formulations for long-term oral and parenteral administration to 
laboratory animals 0 Formulations-effect of solvents on mari- 
juana constituent stability, biological evaluation, vehicle toxicity iJ 
Tetrahydrocannabinols-stability in various solvents, biological 
evaluation of formulations for long-term oral and parenteral ad- 
ministration, vehicle toxicity 


A full understanding of the biological properties of 
marijuana constituents has been hampered by the lack 
of a desirable vehicle for the preparation of injectables. 
The diversity of formulations and routes of administra- 
tion of the active ingredients of marijuana has somewhat 
complicated the comparison of pharmacological, toxi- 
cological, and behavioral data from different labora- 
tories. Those studies involving a single administration 
have justifiably not been too concerned with the influ- 
ence of the vehicle. However, chronic investigations at  
relatively high doses (>50 mg./kg.) of cannabinoids 
cannot overlook the effect of the diluent. 


The tetrahydrocannabinols have been identified as 
the major biologically active components of marijuana 
(1, 2). Whereas crude marijuana extracts are of a tar 
consistency, the tetrahydrocannabinols are highly vis- 
cous oils, virtually of a glue nature at room temperature. 
Despite reports of extensive analytical data to establish 
the purity of the sample, little detail has been given as to 
how to  transfer and manipulate the compounds to ob- 
tain accurate concentrations. 


Relatively high concentrations of tetrahydrocanna- 
binol or crude marijuana extract for intragastric use 
can be achieved in natural vegetable oils (3). On the 
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Determination of CMC of Polysorbate 20 in 
Aqueous Solution by Surface Tension Method 


K. L. MITTAL 


Abstract 0 The CMC of polysorbate 20 was determined using a sur- 
face tension method; the concentration ( C )  of polysorbate 20 
studied varied from 0.001 to 10.000 mg./ml. The results show 
clearly that the surface tension ( y )  decreases linearly with log C 
up to a concentration of 0.06 mg./ml. and is practically constant for 
more concentrated solutions. This suggests that the CMC of polysor- 
bate 20 is in the vicinity of 0.06 mg./ml., which is in excellent agree- 
ment with the values obtained by other methods. 


Keyphrases 0 CMC-polpsorbate 20, surface tension method 0 
Polysorbate 20-determination of CMC by surface tension method 


Surface tension method-determination of CMC for polysorbate 
20 


Among other methods, the surface tension method 
has been widely used to determine the CMC of a variety 
of nonionic surfactants (I) ,  and the validity of this 
technique has been well established (2). However, the 
surface tension method has not been used to  determine 
the CMC of the polysorbate family of surfactants, 
probably because of their alleged heterodisperse nature. 
Becher (1) cataloged the CMC values of polysorbate 
surfactants as determined by light-scattering and iodine 
solubilization methods, but no application of the sur- 
face tension method was mentioned. The surface ten- 
sion method for the determination of CMC is more 
accurate than the light-scattering technique; with solu- 
bilization methods, one is always doubtful whether 
or not the solubilized material lowered the actual CMC. 


Phares (3) studied the surface and interfacial behavior 
of polysorbate 20 and tabulated the values of surface 
tension (7) as a function of concentration (C) ,  but he 
did not discuss the CMC. His data did not yield a 
definite value of the CMC because of the difficulties 
outlined later. In the present article, results are reported 
on the surface tension behavior of polysorbate 20 and 
the value of the CMC derived from the plot y uersus 
log c. 


EXPERIMENTAL 


The label of the polysorbate 201 sample used read polyoxyethylene 
(20) sorbitan monolaurate, HLB, 16.7. A stock solution containing 
10.0 mg./ml. of polysorbate 20 was prepared using distilled water; 
from this stock solution, solutions of varying concentrations in the 
range 10.0-0.001 mg./ml. were prepared by dilution. As the molec- 
ular weights of such nonionics is not known with certitude, the 
concentrations are expressed in milligrams per milliliter. Surface 
tension (7) values were obtained using an interfacial tensiometer2; 
the correction factor was calculated as suggested by Harkins and 
Jordan (4). The measured values of y for toluene and water were in 
good agreement with literature values. The following important 
points concerning the actual experimental conditions and the mode 
of measuring y for polysorbate 20 solutions should be mentioned. 


1 .  All measurements were made at  28 ". 
2. The solutions used were 9-10 hr. old, i .e.,  9-10 hr. elapsed after 


the dilution and before the measurement of y. 
3. The fresh solution-air interface was left undisturbed for 3-5 


min. before measurement of y ;  this procedure was necessary to 
obtain reliable and constant values of y. During this interval (3-5 
min.), y decreased quite appreciably (in some cases by 5-6 dynes/ 
cm.); after that time, y values were quite concordant. The change of 
y during this initial period could be attributed to the diffusion of 
surfactant molecules from the bulk to the interface. 


RESULTS AND DISCUSSION 


The plot of y versus log C is shown in Fig. 1 .  It is clear that 
initially y varies linearly with log C up to a concentration of 0.06 
mg./ml. and then stays practically constant for more concentrated 
solutions, i.a.. up to 10.0 mg./ml. (which is 160 times 0.06 mg./ml.). 
To be precise, y decreases slightly (1  .O dyne/cm.) in the concentra- 
tion range from 0.06 to 1 .OO mg./ml. and is essentially constant for 
higher concentrations. Furthermore, the break in the plot of y 
Llcrsus log Cis quite sharp considering the broad molecular distribu- 
tion of the nonionic, which suggests that the CMC value for poly- 
sorbate 20 is in the vicinity of 0.06 mg./ml. If the two straight-line 
portions in Fig. 1 are extended, they cross a t  a concentration of 0.05 
mg./ml.; this indicates that the CMC of polysorbate 20 determined 
by the extrapolation procedure is 0.05 mg./ml. In any case, the pres- 
ent results suggest clearly that the CMC of polysorbate 20 lies 


l Tween 20, Atlas Chemical Industries, Wilmington, Del. 
2 Cenco Du Nouy. 
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CONCENTRATION OF POLYSORBATE 20, mg./ml. 


Figure 1-Plot 0.f surface terrsion versus log coricentration for poly - 
sorbate 20 aqueous solutions. 


between 0.05 and 0.06 mg./ml., which is in excellent agreement with 
the values quoted by Becher (1) as determined by light-scattering 
and iodine solubilization techniques. 


For comparative purposes, the surface tension results obtained 
by Phares (3) on polysorbate 20 are also plotted in Fig. 1. Evidently, 
the y values recorded by Phares are consistently higher than those 
observed in the present investigation. The higher values of y could 
be attributed to not allowing enough time for the equilibrium to 
establish between the surface and the bulk. Phares’ results show a 
linear portion up to a concentration of 0.08 mg./ml.; after that 
concentration, a broad break or bend appears in the curve of y 
uersus log C. The results of Phares are not easily amenable to 
quantification because of the following associated difficulties : 


1. As the break in the curve is quite broad, its position cannot be 
defined unambiguously. 


2. The values of y at higher concentrations do not show a regular 
trend because of large fluctuations, but it is not too unreasonable to 
say that y stays practically constant over a concentration range from 
0.20 to 4.0 mg./ml. 


3. The y values drop again at higher concentrations (after 5.0 
mg./ml.), in discordance with the present findings; furthermore, the 
decreasing of y at higher concentrations is difficult to explain. It 
might be concluded that the results of Phares are incapable of pro- 
viding definite information relative to the CMC and the surface 
tension behavior of polysorbate 20 at higher concentrations. 


It is clear that the results reported in this article lead to a definite 
value of the CMC of polysorbate 20, but these results also lead to the 


additional following conclusions: ( a )  the surface tension value for 
polysorbate 20 solutions of concentration 0.001 mg./ml. is not dif- 
ferent from that of pure water, and (h )  the linear relation between y 
and log C suggests the applicability of Gibb’s adsorption isotherm to 
such solutions. The value of the surface excess, r, calculated using: 


is 3.44 X 10Wo rnole/cm.2, with a corresponding area per molecule 
of 48.4 Az. 


The CMC values for polysorbate 20 as determined by different 
methods (all values being in the vicinity of 0.06 mg./ml.) are in 
excellent agreement with each other, whereas the CMC values for 
other nonionic surfactants show much variation. For example, 
CMC values for octoxyno13 vary from 0.10 to 4.00 mg./ml. (5-8), de- 
pending upon the researcher, the sample used, and the method ap- 
plied. 


Finally, the following general conclusions based on the present 
study can be made: 


1. The results certainly engender confidence in the study of other 
members of the polysorbate family and should be extended to other 
heterogeneous nonionics. 


2. The surface tension method is quick, reliable, and accurate for 
the determination of the CMC of alleged heterodisperse nonionics. 


REFERENCES 


(1) P. Becher, in “Non-Ionic Surfactants,” M. J. Schick, Ed., 


(2) M. J. Schick, S. M. Atlas, and F. R. Eirich, J.  Phys. Cliem., 


(3) R. E. Phares, Jr.,J. Pliarm. Sci., 54,408(1?65). 
(4) W. D. Harkins and H.  F. Jordan, J. Amcr. Chem. Soc., 52, 


(5) E. Gonic and J. W. McBain, ibid.. 69,334(1947). 
(6) L. M. Kushner and W. D. Hubbard, J. Pliys. Cliem., 58, 


(7) L. M. Kushner, W. D. Hubbard, and A. S. Doan, ibid., 


(8) E. H. Grook, D. B. Fordyce, and G. F. Trebbi, ihid., 67, 


Marcel Dekker, New York, N. Y., 1967, chap. 15. 


66,1326(1962). 


1751 (1930). 


1163(1954). 


61, 371(1957). 


1987( 1963). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received November 5, 1971, from the Depnrtment of Mineral 
Preparatiori, Perinsyluuriia Stare Uriiwrsity, Ujiiorrsity Park ,  P A  
16802 


Accepted for publication April 12, 1972. 
Present address: Electrochemistry Laboratory, John Harrison 


Laboratory of Chemistry, University of Pennsylvania, Philadelphia, 
PA 19104 


3 Triton X-100. 


Vol. 61, No. 8,  August 1972 1335 








REFERENCES 


(1) R. I. Poust and V. F. Smolen, J. Pharm. Sci., 59, 1461 


(2) V. F. Smolen and R. 1. Poust, ibid., 60,1745(1971). 
(3) V. F. Smolen and F. P. Siegel, ibid., 57,378(1968). 
(4) V. F. Smolen and L. D. Grimwood, J .  Colloid Interface Sci., 


( 5 )  V. F. Smolen, D. E. Snyder, and R. J. Erb, J .  Pharm. Sci., 


(6) V. F. Smolen, Amer. J .  Pharm. Educ., 33,381(1969). 
(7) V. F. Smolen and E. J. Williams, J .  Pharm. Sci., 61, 921 


(1972). 
(8) D. S .  Riggs, “The Mathematical Approach to Physiological 


Problems,” Williams & Wilkins, Baltimore, hld., 1963, pp. 
120-168. 


(1970). 


36, 308(1971). 


59, 1093(1970). 


(9) V. F. Smolen, J. Pharm. Sci., 60,354(1971). 
(10) R. D. Schoenwald, Ph.D. thesis, Purdue University, Lafay- 


(11) E. Ackerman and J. B. Hazelrig, U. S. Atomic Energy 


(12) A. R. Cade, Soap Sanit. Chem., 26, 35(1950). 
(13) A. R. Cade, J.  Soc. Comet .  Chem., 2,281(1951). 
(14) P. B. Price, Ann. Surg., 134,476(1951). 


ette, Ind., 1971. 


Commission Symposium No. 3, June 1964. 


(15) G. N. Ling and M. H. Krumash, J.  Gen. Physiol., 50, 


(16) M. M. Breuer, J. Phys. Chem., 68,2067(1964). 
(17) Ibid., 68, 2074(1964). 
(18) Ibid., 68,2081(1964). 


677( 1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 31, 1972, from the Biophysical Pliarniaceutics 
Area of the Department of Industrial and Physical Pharmacy, 
School of Pharmacy and Pharmacal Sciences, Purdue Unicersity, 
Lafayeite, IN 47907 


Accepted for publication March 7, 1972. 
Presented to the Pharmacology and loxicology Section, APHA 


Academy of Pharmaceutical Sciences, Washington, D. C., meeting, 
April 1970. 


Abstracted in part from a thesis prepared by R. I. Poust in partial 
fulfillment of the Doctor of Philosophy degree requirements. 


Supported by a grant from Armour-Dial, Inc., Chicago, Ill. 
The technical assistance of Mr. Michael Crosby and Mr. Richard 


* Present address : Department of Pharmaceutics, School of 


A To whom inquiries should be directed. 


Shutt is gratefully acknowledged. 


Pharmacy, University of Pittsburgh, Pittsburgh, PA 1521 3 


Oral and Parenteral Formulations of Marijuana Constituents 


HARRIS ROSENKRANTZ*A, GEORGE R. THOMPSON*, and MONIQUE C. BRAUDEt 


Abstract 0 The lack of detailed information on the manipulation 
and preparation of cannabinoid formulations prompted an in- 
vestigation of useful vehicles for administration of tetrahydro- 
cannabinols and crude marijuana extracts. It was found that pure 
A9- and As-tetrahydrocannabinols could be quantitatively handled 
by chipping samples at 4“, transferring them to cold receptacles 
for weighing, and, after liquefying the cannabinoid at 50”, adding a 
warmed vehicle for further transfers and final dilution. Tetrahy- 
drocannabinol samples larger than 10 g. were liquefied at 55” and 
poured directly into a tared receptacle. Crude marijuana extract 
samples were smeared on tared receptacles and diluted and trans- 
ferred as above. Stock solutions of cannabinoid in sesame oil were 
stable for months and could be used directly for oral administra- 
tion or for formulating injectables. Suitable emulsions for paren- 
teral use consisted of sesame oil (10-15%7,) plus polysorbate 80 (0.4- 
1 %) in saline containing up to 4% tetrahydrocannabinol or sesame 


oil (5-10 %) plus polyvinylpyrrolidone (4-5 %) containing approxi- 
mately 1 %  cannabinoid. Such an approach incorporated an in- 
nocuous vehicle, did not require the presence or removal of an 
organic solvent, provided wide latitude for needed concentrations 
of cannabinoid, and was timesaving. The ratio of emulsifier and 
cannabinoid was critical for stable emulsions. 
Keyphrases 0 Marijuana constituents-oral and parenteral for- 
mulations, stability in various solvents, biological evaluation of 
formulations, vehicle toxicity 0 Toxicity, vehicle-stability of 
marijuana constituents in various solvents, biological evaluation of 
formulations for long-term oral and parenteral administration to 
laboratory animals 0 Formulations-effect of solvents on mari- 
juana constituent stability, biological evaluation, vehicle toxicity iJ 
Tetrahydrocannabinols-stability in various solvents, biological 
evaluation of formulations for long-term oral and parenteral ad- 
ministration, vehicle toxicity 


A full understanding of the biological properties of 
marijuana constituents has been hampered by the lack 
of a desirable vehicle for the preparation of injectables. 
The diversity of formulations and routes of administra- 
tion of the active ingredients of marijuana has somewhat 
complicated the comparison of pharmacological, toxi- 
cological, and behavioral data from different labora- 
tories. Those studies involving a single administration 
have justifiably not been too concerned with the influ- 
ence of the vehicle. However, chronic investigations at  
relatively high doses (>50 mg./kg.) of cannabinoids 
cannot overlook the effect of the diluent. 


The tetrahydrocannabinols have been identified as 
the major biologically active components of marijuana 
(1, 2). Whereas crude marijuana extracts are of a tar 
consistency, the tetrahydrocannabinols are highly vis- 
cous oils, virtually of a glue nature at room temperature. 
Despite reports of extensive analytical data to establish 
the purity of the sample, little detail has been given as to 
how to  transfer and manipulate the compounds to ob- 
tain accurate concentrations. 


Relatively high concentrations of tetrahydrocanna- 
binol or crude marijuana extract for intragastric use 
can be achieved in natural vegetable oils (3). On the 
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Table I-Solubility of Cannabinoids in Various Solvents" 


Solvent 
-Ag-Tetrahydrocannabinol- 


g./ml. Appearance 


Absolute ethanol 
Acetone 
Benzyl alcohol 
Dimethyl sulfoxide 
Sesame oil 
Propylene glycol 
Glycerol 
Polysorbate 80d 


1 .oo Solution 
1 .oo Solution 
0.90 Solution 
0. 54b Solution 
0 .  3OC Solution 
0 . W  Solution 
0.39 Viscous 
0.28 Paste 


-As-Tetrahydrocannabinol- --Crude Marijuana Extract-. 
g./ml. Appearance g./ml. Appearance 


1 .oo Solution 1 .oo 
1.00 Solution 
0.91 Solution 
0. 62b Solution 
0.30" Solution 0. 4OC Solution 
0 .  89c Viscous 


Solution 


0.38 
0 .22  


. .-. - __ 
Viscous 
Paste 0.45 Paste 


a The limit of solubility was taken as 1 g./ml. of tetrahydrocannabinolin ethanol; see explanation in text. b Not continued until maximum solubility. 
c Higher concentrations were too viscous for practical use. d Polysorbate 80 is polyoxyethylene monooleate (Tween 80). 


other hand, aqueous systems necessary for parenteral 
administration must incorporate some type of emulsi- 
fier. The limitations of such parenteral formulations 
reside in three considerations: (a) the low concentration 
of cannabinoid achieved dictates the volume of formula- 
tion that must be given, (b) the concentration of emul- 
sifier and number of treatments introduce the hazard 
of vehicle toxicity, and (c)  the lability of the formulation 
may require frequent preparation of the injectable. 
One must also keep in mind that formulations developed 
for animal trials may not be acceptable for human in- 
vestigations. 


The present paper provides sufficient details as to the 
preparation of dosage forms of tetrahydrocannabinol 
and crude marijuana extract, outlines the limitations of 
various injectables, and reviews formulations used in 
marijuana studies. 


EXPERIMENTAL 


Cannabinoids-Crude marijuana extract, synthetic (-))-trans- 
A9-tetrahydrocannabinol, and synthetic ( -)-rruns-As-tetrahydro- 
cannabinol were used'. Cannabinoid shipments were in approxi- 
mately 50-g. quantities per bottle, and the crude extract came in 
500-g. quantities per bottle. The provided analytical data on all AS- 
tetrahydrocannabinol lot numbers showed a purity between 95 and 
97% by G C  and an optical rotation range of from -163 to -175". 
Corresponding data for As-tetrahydrocannabinol were 98-99 
purity by GC and optical rotation values from -254 to -268". 
The crude marijuana extract assayed as 25 % Ag-tetrahydrocan- 
nabinol, 2-3% cannabidiol, and 2-3 % cannabinol. 


Cannabinoid Transfer Procedure-Samples of tetrahydrocan- 
nabinols between 0.1 and 10 g. were chipped free a t  4" with a clean, 
cold, ice pick and transferred to cold, tared, glass receptacles. An 
18 X 60-mm. conical tube was used for samples under 1 g., a 10-ml. 
conical flask was used for samples between 1 and 3 g., and a 2 5-ml 
conical flask was used for samples between 3 and 10 g. Weighings 
were rapidly performed on an analytical balance at  room temperature. 
The cannabinoid in its receptacle was next placed in a water bath 
at 45" under a stream of nitrogen until liquefaction occurred ( 5 1 0  
min.). Ten 50-g. samples of tetrahydrocannabinol were directly 
liquified in their shipping container by heating the inverted con- 
tainer with an IR lamp to 55" under a canopy of nitrogen whenever 
possible. The compound was collected in a tared beaker placed in a 
water bath at 50". The crude marijuana extract was also directly 
warmed in its shipping container to 45" in a water bath, and 5@500 
g. of liquified material was transferred by pouring into a tared beaker. 
Samples less than 50 g. were transferred by spatula. 


Cannabinoid Solubility Studies-In the solubility trials, 0.1 -ml. 
aliquots of analytical reagent grade ethyl alcohol, benzyl alcohol, 
acetone, or dimethyl sulfoxide were added stepwise to  1 g. of can- 
nabinoid until maximum solubility was achieved a t  room tempera- 
ture. Similar solubility studies were conducted with 0.1-ml. aliquots 


Supplied under contract with the National Institute of Mental 
Health. 


of sesame oil USP, propylene glycol, and glycerol in conjunction 
with 1 g. of cannabinoid. 


Cannabinoid Solution Preparation-True solutions of canna- 
binoid were prepared by dissolving 1 g. of liquified tetrahydro- 
cannabinol in 1 ml. of ethanol or acetone. Stock solutions in sesame 
oil were prepared by dissolving 10 g. of liquified cannabinoid in 25 
ml. of warmed sesame oil. For all true solutions, formulations were 
transferred by pipet or poured into graduate cylinders t o  accom- 
plish quantitative dilution at room temperature. In this manner, 
140% solutions of cannabinoids in ethanol and sesame oil were 
prepared and sealed in vials flushed with nitrogen. 


Cannabinoid Emulsion Preparation-One milliliter of 100-400 
mg./ml. of tetrahydrocannabinol in sesame oil was introduced into 
a 50-ml. beaker or conical flask followed by 0.01-0.1 ml. of poly- 
sorbate 802 and isotonic saline to a final volume of 10 ml. Emulsifica- 
tion was performed by sonication with a sonifier at intensity position 5 
at 7.5 amp. for 30 sec. 3. On occasion, the polysorbate 80 was replaced 
by 5 % polyvinylpyrrolidone in isotonic saline or 1 % poloxalene4. 
Other emulsions were formed by addition of 0.1-0.3 ml. of warmed 
polysorbate 80 to 100-200 mg. of liquified cannabinoid, mixing 
with a microspatula and mechanical Vortex, and followed by tri- 
turation with 1-15 ml. of isotonic saline. Attempted emulsion forma- 
tion with cannabinoid solutions in organic solvents was performed 
by trituration of 0.1-0.3 ml. of approximately 50% cannabinoid 
solutions with approximately 0.9 ml. of steroid-suspending vehicle, 
10% dextrans, 10% mannitol, or 0.9% saline. 


Stability Studies-Optical rotation of tetrahydrocannabinols 
was determined at a concentration of 20 mg./ml. in chloroform with 
a polarimeter6. Suitable aliquots of ethanol solutions were diluted 
with chloroform to  attain the necessary analytical concentration. 
In the instance of sesame oil formulations, 10-30 ml. was extracted 
with an equal volume of h e x a n e 4 z  sodium hydroxide in 50% 
ethanol. Aliquots of the hexane layer were concentrated and ap- 
plied to thin-layer silica gel flexible sheets impregnated with di- 
methylformamide and developed with hexane-benzene-methanol 
(30:30:4) in a sandwich chamber for 45 m i t ~ . ~ .  The cannabinoids 
were visualized with Turnbull's blue reagent. 


Biological Studies-Potential cannabinoid vehicles were tested 
in animal trials for clinical toxicity signs. Single treatments of eth- 
anol were given at doses between 0.005 and 0.05 ml./kg. p.0. or 
i.v. to 6-10 rats, at 2 ml./kg. p.0. to three rhesus monkeys, at 0.45 
ml./kg. i.v. t o  five rhesus monkeys, at 0.75 ml./kg. p.0. to two 
beagle dogs, and at  0.2 ml./kg. i.v. t o  three beagle dogs. Chronic 
treatment with 100% sesame oil was performed at  0.05 ml./kg. 
p.0. for 119 days in 120 rats, at 1 ml./kg. S.C. for 28 days in three 
New Zealand rabbits, and at 3 ml./kg. p.0. in eight rhesus monkeys. 
Sesame oil (10%)-polysorbate 80 (0.4%) dispersed in isotonic 
saline was administered at  0.3 ml./kg. i.p. for 5 days to three rats, 
at 0.1 ml./kg. i.v. for 5 days to three rats, and at 6 ml./kg. i.v. for 28 
days to two rhesus monkeys. Sesame oil (IOZ) in 4.5% polyvinyl- 
pyrrolidone was tested at 6 ml./kg. i.v. for 28 days in two rhesus 


* Tween 80. 
3 Branson, model LS75, Heat Systems-Ultrasonics, Inc.. Plainview. 


4 Pluronic F68, BASF Wyandotte Corp., Wyandotte, Mich. 
The dextran was obtained from Bios Laboratories, Inc., New York, 


Bendix Corp., Cincinnati, Ohio. 
7 M. Hagopian, Mason Research Institute, Worcester, Mass., un- 


N. Y. 


N. Y . ;  particle size not given. 


published data. 


Vol. 61, No. 7, July 1972 0 1107 







Table II-Characteristics of Aqueous Systems for Dispersing Cannabinoidsa 
~ ~_______ ~~ 


Final Concentration of 
-Ingredient (v/v+ 


Dil- 
-Cannabinoid--. -----Solvent- -----Diluent- THC, Solvent, uent, 


N.me mg. Name ml. Name ml. Appearance of Preparation mg./ml. 


As-THCb !?4 Ethanol 
A'-THC 105 Ethanol 
As-THC 107 DMSOb 


0 . 2  SSVb 
0 . 2  ssv 
0 . 2  ssv 


0 . 8  Flocculent 
0 . 8  Flocculent 
0 . 8  Flocculent 


9 . 4  20 80 
10.5 20 80 
10.7 20 80 


As-THC 48 Benzyl alcohol 0.1  Dextran. 10% 0 . 9  Unstable emulsionc 4.8  10 90 
As-THC 309 Beniyl alcohol 0 . 3  Mannitol, 10% 
A'-THC 44 Ethanol 0.1  Dextran, 10% 
As-THC 301 Propylene glycol 0 . 1  Saline, 0.9% 
A'-THC 104 Propylene glycol 0.1 Saline, 0 . 9 %  
A*-THC 265 Glycerol 0.5 Saline, 0.9% 
AB-THC 292 Glycerol 0 . 5  Saline, 0 . 9 %  


A'-THC 250 Sesame oil 1 .O 1 


A'-THC 250 Sesame oil 1.0 PVPb, 10% 
A'-THC 250 Sesame oil 1 .o PVPb, 5 %  


14.7 Two-phase 
0 . 9  Unstable emulsionc 
0 . 9  Two-phase 
0 .9  Two-phase 
0 . 9  Two-phase 
0 . 9  Two-phase 
9 . 0  Stable emulsiond 
9 . 0  Stable emulsiond 


Unstable emulsion' 


- 2 98 
4 . 4  10 90 
- 10 90 - 10 90 
- 36 64 
- 36 64 


25 10 90 
25 10 90 
25 10 1 


or + Saline, 0 . 9  % 9 . 0  + ) 86 


As-THC 90 Polvsorbate 80 0.1  Saline. 0 .9  'Z 0 . 9  Stable emulsion 9 10 90 
150 Polysorbate 80) 0.041 Stable emulsion' 15 0 . 4  


~. ~ ~~~ 


AS-THC 57 Pohsorbate 80 0 .1  Saline; 0 . 9 2  0 . 9  Stable emulsio.1 5.7 10 90 
A'-THC 580 Polysorbate 80 0 . 6  Saline, 0.9% 4.7  Unstable emulsion' 100 10 90 
Ag-THC 3539 Polysorbate 80 1.0  Saline, 0 . 9 %  15.7 Unstable emulsion' 180 5 . 1  95 
A'-THC 45 Polysorbate 80 CI.  5 Saline, 0 . 9 %  10.2 Unstable emulsionJ 45 4 . 9  95 
Ag-THC 162 Polysorbate 80 0 . 3  Saline, 0 . 9 %  15.8 Stable emulsion 10 1 . 8  98 
As-THC 170 Polysorbate 80 0 . 3  Saline, 0.9% 1 3 . 8  Stable emulsion 12 2.1 98 


a The cannabinoid was dissolved in the solvent at 25-40", and the diluent was added dropwise with mixing; volume of cannabinoid mass above 100 
mg. taken into account. b THC = tetrahydrocannabinol. SSV = steroid-suspending vehicle (see footnote to Table 1). DMSO = dimethyl sulfoxide. PVP 
= polyvinylpyrrolidone. c Levigation restores emulsion. d 5510% oil separation after several hours, but sonication restores emulsion. Addition of 
polysorbate 80 and saline to 1 ml. of cannabinoid in sesame oil followed by sonication. J Emulsion with less than 10% polysorbate 80 separated within 
minutes unless cannabinoid concentration was less than 15 mg./ml. 


monkeys. Saline solutions of 2.5-10% polysorbate 80 were ad- 
ministered at doses between 0.03 ml./kg. i.v. and 0.3 ml./kg. p.0. to 
5-10 rats; at 2-3.6 ml./kg. p.0. and i.v., respectively, to two rhesus 
monkeys, and at 1 ml./kg. i.v. to two beagle dogs. A 5.5% sodium 
glycocholate solution was also tested at 2 ml./kg. i.v. for 9 days in 
two rhesus monkeys. Hematological and clinical chemical param- 
eters were determined by standard procedures and will be the 
subject of a separate report. 


RESULTS 


As the tetrahydrocannabinols thawed, they became tacky and 
glued to glass, metal, or paper surfaces. This difficulty could be 


Table 11-Chemical Stability of Cannabinoid Formulations 


circumvented by performing transfers of samples less than 10 g. at 
4" and larger samples after liquefaction. Concentrated solutions 
could be quantitatively transferred if the outside walls of receptacles 
were also warmed. 


Solubility of Cannabinoids in Solvents Yielding Solutions- 
Because of fragmentary data on the solubility of cannabinoids, 
some studies on the solubility of A'- and As-tetrahydrocannabinols 
and crude marijuana extract were carried out. Tetrahydrocanna- 
binols behave primarily as liquids and are freely miscible with many 
organic solvents. In such cases the limit of solubility may be taken 
at that point where the solvent is still in excess. Since the volume 
contribution by the cannabinoid mass was approximately 80% in 
the presence of an organic solvent like ethanol, the solubility limit 


Estimated 
Tehahydro- Optical Percent 
cannabinol, Elapsed Time, Rotation in Purity by 


Cannabinoid Diluent mg./ml. Temperature Days Chloroform TLCa 


Ag-Tetrahydro- None 1000 5" 0 -163 - 
- cannabinol None 1000 55" 0.5 hr. -160 


Ethanol 500 5" 0 -164 90 
Ethanol 500 5" 40 -152 80 


-126 
70 


Ethanol 500 22" 40 
Ethanol 500 5" 90 
Chloroform 20 22" 21 -163 
Chloroform 20 5 5 O  0.5 hr. -161 - 


88 
90 


Sesame oil 100 5 O  60 
Sesame oil + 10 5" 7 


None 1000 5" 0 - 266 
None 1000 55 O 0.5 hr. - 263 
Ethanol 500 5" 0 - 263 98 
Ethanol 500 5" 40 - 258 98 
Ethanol 500 22" 40 -256 - 
Chloroform 20 22 O 21 - 260 
Chloroform 20 50 ' 0.5  hr. -261 - 


98 
99 


Sesame oil 100 5" 60 
Sesame oil + 10 5" 7 


- 
- 


- 


- 
- 


polysorbate 
- 
- 


- 
- 
- 


polysor bat e 


Silica gel flexible sheets impregnated with dimethylformamide and developed with hexane-benzene-methanol (30 :30:4). 


As-Tetrahydro- 
cannabinol 
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Table IV-Vehicle-Induced Clinical Changes Observed in Various Species 


Vehicle 


Number 
Animals 


Reacting/ 
Dose, Number 


ml./kg. x Animals 
Species" Route Days Treated Clinical Signs 


Ethanol, absolute Rat, Fischer 


Rat. Wistar-Lewis 


Monkey, Rhesus 


Dog, beagle 


Sesame oil USP 


Sesame oil, lo%, + poly- 
sorbate 80, 0.40dd 


Polysorbate 80, 2 . 5 X d  


Polysorbate 80, 5Zd 


Polysorbate 80, loxd 


Rat, Fischer 


Rabbit, New 
Zealand 


Monkey, Rhesus 


Rat, Fischer 


Monkey, Rhesus 
Rat, Fischer 
Dog, beagle 


Monkey, Rhesus 


Rat, Wistar-Lewis 


Sesame oil, 10%. + poly- Monkey, Rhesus 
vinylpyrrolidone, 4.  5Xd 


Glycocholate, 5 . 5 %  Monkey, Rhesus 


p.0. 


P.0. 


1.V. 


I.V. 


p.0. 


i.v. 
P.0. 
1.v. 


p.0. 


S.C. 


p.0. 


i.p. 


i.v. 
i.v. 
i.v. 
i.v. 


p.0. 
i.v. 


p.0. 


i.v. 
I.V. 


i.v. 


0.05 X I 
0.01 x 1 


0.01 x 1 
0.005 X 1 


2 . 0  x 1 


0.45 X 1 
0.75 X 1 
0 . 2  x 1 


0.05 X 119 


1.0 X 28 


3.0 X 90 


0 . 3  X 5 


0 .1  x 5 
6 .0  X 28 
0.03 X 1 
1.0 x 1 


3.6 x 1 
2.0  x 1 


0 . 3  X 3 


0.03 X 5 
6 . 0  X 28 


2 .0  x 9 


None 
Slight ataxia for 


None 
Prostration for 2 hr.; 


slight ataxia for 
2-3 min. 


Drowsiness for 45 
min. 


None 
None 
Mild intoxication 


Mild hematologic 


None 


Aspiration pneu- 
monitis 


Moderate weight 
loss 


None 
None 
None 
Ataxia. erythema 


for 35 min. 
None 
Facial congestion 


Dehydration, in- 


None 
Weight loss 


1-2 min. 


for 20 min. 


changesh 


only 


activity, mottled 
fur, one male dead 


Severe edema, hemol. 
ysis 


a Body weights wcre approximately 100-150 g. for rats, 3.5-4.0 kg. for monkeys, and 10-14 kg. for dogs. * Slightly incrcased coagulation time. 
serum protcins, red blood cells, hemoglobin, and hernatocrir. c Mild aspiration piicumonitis after 90 days of treatment. d Dispersed i n  isotonic saline. 


of cannabinoid in ethanol may be considered as 1 g./ml. (e.g., the 
ethanol volume was slightly in excess of that of the cannabinoid). 
Further additions of cannabinoid to 1 ml. of ethanol yielded true 
solutions, but now the cannabinoid was the solvent and ethanol the 
solute. In effect, a solurion of 0.95 g./ml. of cannabinoid in ethanol 
could be produced by dissolving 1 ml. of ethanol in 3.2  ml. (4 g.) of 
canna binoid. 


The data in Table 1 are presented for the comparison of canna- 
binoid solubility in various solvents equated to I g./ml. of tetra- 
hydrocannabinol in ethanol. Similar solubiliiies were obtained for 
AB- and ~n-tetrahydrocannabinols and crude marijuana extract in 
polar solvents. For practical purposes, 100-400 mg. of cannabinoid 
can be dissolved in I ml. of a suitable organic solvent or natural oil 
like sesame oil. 


Characteristics of Emulsions-To explore possible aqueous sys- 
tems for cannabinoids, various combinations of solvents, emulsifiers, 
and diluents were examined. These results (Table 11) show that 
small quantitites of solubilizer or emulsifier provided stable emul- 
sions. Relatively high concentrations of cannabinoid with 10 
polysorbate 80 yielded emulsions which were stable for a few min- 
utes; as the concentration of cannabinoid was reduced, the physical 
stability of the emulsion increased. Reduction of the polysorbate 80 
content severely restricted the amount of cannabinoid that could 
be stably emulsified. 


Small quantities of organic solvents failed to provide suitable 
cannabinoid suspensions (c.g., propylene glycol and glycerol 
formed a two-phase system upon dilution with saline). The most 


successful emulsions comprised I-ml. aliquots of stock solutions of 
cannabinoid in sesame oil ( lW400 mg./inl.) to which 0.01 -0.1 ml. 
of polysorbate 80 and 8 9 ml. of isotonic saline were added and 
emulsified by sonication. Increased amounts of polysorbate 80 
permitted higher concentrations of cannabinoid. Other usable 
emulsions were obtained with cannabinoid in sesame oil and 5 10% 
polyvinylpyrrolidone or 1 ?< poloxalene'. The sesame oil-poly- 
vinylpyrrolidone emulsions were stable for 3-6 hr. when a slight 
(5-10%) oil slick formed. This oil slick could be readily reeniulsitied 
by sonication, and this procedure was successfully applied for several 
days without deterioration of the emulsion. Concentrations of 
polyvinylpyrrolidone above 307; when mixed with cannabinoid in 
sesame oil yielded two-phase systems. and polyvinylpyrrolidone 
concentrations below 5 %  formed unstable emulsions. In the in- 
stance of poloxalene, concentrations above 2 7; resulted in unstable 
emulsions. 


Stability of Cannabinoid Formulations- -Because of the time 
required to manipulate thc cannabinoid (e.g., chipping, weighing, 
liquefaction, admixture, and emulsification) and the desire to use 
stock solutions for long periods of time, some exploration of chem- 
ical stability was performcd. These data, presented in Table 111, 
reveal that the optical rotations of the tetrahydrocannabinols were 
not affected by elevated temperatures for short periods of time. In 
ethanolic solutions at  concentrations from 500 to loo0 mg./ml., the 
optical density of Sg-tetrahydrocannabinol decreased about 8% 
after 40 days at 4". The decrement was more noticeable over this 
interval of time at room temperature. Under similar conditions, the 
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Table V-In Vim Hemolytic Activity of Marijuana Vehicles in Monkeys Treated Intravenously 


Number of Monkey Dose, Hemoglobin, Serum K+, 
and Sex Vehicle5 ml./kg. X Days Day in Study g./lOO ml. meq./l. 


l M + l F  


l M + l F  


l M + l F  


1 M + l F  


l M + l F  


l M + l F  


l M + l F  


1 M + l F  


l M + l F  


Glycocholate 


Glycocholate 


Sesame oil-polysorbate 80 


Sesame oil-polysorbate 80 


Sesame oil-polysorbate 80 


Sesame oil-polyvinylpyrrolidone 


Sesame oil-polyvinylpyrrolidone 


Sesame oil-polyvinylpyrrolidone 


Saline 


4 x 7  


2 x 9  


6 X 28 


4 X 28 


2 X 28 


6 x 28 


4 X 28 


2 X 28 


6 X 28 


~ 


11.6 
5 . 5  


12.9 
9 . 2  


12.6 
11 .o 
1 1 . 3  
12.8 
12.2 
12.5 
12.5 
11.2 
11.7 
12.0 
12.0 
11.9 
12.5 
9 .8  


12.1 
12.2 
12.4 
12.7 
13.0 
11.5 
12.6 


3.9 
5 .8  
3.8 
4 .3  
4 . 5  
4 . 5  
4 . 4  
4 . 1  
4 . 2  
4 . 3  
4 . 2  
4 . 0  
4 . 3  
4 . 0  
4 . 6  
4 . 3  
3 .9  
4 . 6  
4 . 3  
4 . 1  
4 .7  
4 . 3  
3.8 
4 . 1  
4 . 6  


Concentrations of vehicles were: glycocholate, 5.5 %; sesame oil, 10%; polysorbate 80, 0.4%; polyvinylpyrrolidone, 4.5 %; and saline, 0.9%. 


optical rotation of As-tetrahydrocannabinol was virtually un- 
altered. Dilute solutions of cannabinoid in chloroform were stable 
for weeks at room temperature or for short periods of heating, as 
determined by optical rotation. Stock solutions of cannabinoid at 
100 mg./ml. in sesame oil and at 10 mg./ml. in 0.4% polysorbate 
80-saline were stable for days, as shown by optical rotation and 
TLC analyses. Interestingly, the black surface material from A9- 
tetrahydrocannabinol samples gave an optical rotation of - 140". 
Since optical rotation values diminished instead of increased for 
A9-tetrahydrocannabinol preparations, little or no conversion of 
A9-tetrahydrocannabinol to As-tetrahydrocannabinol took place. 


Biological Evaluation of Formulations-Biological Data on the 
Oral Route-Administration of various vehicles used in canna- 
binoid formulations to several species of laboratory animals pro- 
vided a basis for evaluating the usefulness of these vehicles (Table 
IV). Absolute ethanol administered orally produced no clini- 
cal changes at the volumes used in rats, monkeys, and dogs. 
The hazard of synergism or potentiation of cannabinoid effects 
compromised extensive use of ethanol formulations by any route 
of administration. Sesame oil administered orally to rats and mon- 
keys for extended periods produced no behavioral changes. How- 
ever, moderate aspiration pneumonitis due to the gavage technique 
was observed in most monkeys after 90 days of treatment, while 
rats exhibited mild increased coagulation times, total serum pro- 
teins, circulating red cells, hemoglobin levels, and hematocrit values 
that were apparently not related to dehydration. 


Biological Data 012 Parenteral Routes-The administration of 
ethanol intravenously to rats, monkeys, and dogs evoked consider- 
able depression. A vehicle composed of sesame oil (10%) and poly- 
sorbate 80 (0.4%) in normal saline administered intraperitoneally 
and intravenously to rats and intravenously to monkeys produced 
only moderate weight loss in rats treated intraperitoneally and no 
observable effects in monkeys. Varying percentages of only poly- 
sorbate 80 in normal saline were well tolerated by rats treated 
intravenously, but dogs and monkeys treated intravenously ex- 
hibited erythema and facial congestion. The potential synergism of 
cannabinoid cardiovascular effects by polysorbate 80 above 2.5 
compromises its use in protracted studies. Sesame oil-polyvinyl- 
pyrrolidone emulsions induced weight losses in monkeys at 2-6 
ml./kg. i.v. A transient, mild hyperkalemia was seen after 11 days 
of treatment. Sodium glycocholate at 6 ml./kg. i.v. was terminal 
after a few days in monkeys as a result of hemoglobinuric nephrosis, 
and 4 ml./kg. i.v. initiated edema and hyperkalemia after 8 days of 
treatment. 


DISCUSSION 


The initial recommended storage procedure for tetrahydrocan- 
nabinols included the use of amber bottles, a nitrogen atmosphere, 
and temperatures below 0" (4). Subsequent stability data indicated 
that 4" would suffice, and this change avoided cracking of bottles 
due to  cannabinoid expansion at lower temperatures. Even at sub- 
zero temperatures, a surface layer of black material formed on A(- 
tetrahydrocannabinol samples after several months of storage. 
Occasionally, this black material was found at deeper points in the 
sample, indicating that some chemical change had occurred during 
packaging. Dark surface material was rarely seen in A*-tetrahydro- 
cannabinol samples. 


Various organic solvents solubilized cannabinoids to the extent 
obtained with ethanol but were not biologically useful. The addition 
of aqueous diluents to cannabinoid solutions in organic solvents 
resulted in suspensions with varying physical appearance of the 
flocculent. The final concentration of tetrahydrocannabinols was 
well below 0.5 %, and the suspensions were adversely endowed with 
possible induction of embolism and the biological side effects of 
the organic solvent. The use of small quantities of emulsifier with 
large quantities of cannabinoid often led to suspensions upon in- 
troduction of an aqueous diluent. Viscous solvents like sesame oil, 
propylene glycol, and glycerol were modest solubilizers, but the 
usefulness of cannabinoid solutions with these solvents for bio- 
logical trials was restricted by their viscosity. An extreme example 
of viscosity was seen in the formation of a paste between canna- 
binoid and polysorbate 80, which is a liquid. Although the results 
of the solubility study indicated that most of the solvents tested 
could be used for some biological trials (e.g., single injections or 
properly spaced administrations to minimize vehicle toxicity), 
aqueous systems would be preferable for parenteral chronic treat- 
ments. The potential usefulness of a vehicle also depended upon its 
lack of hemolytic activity. Whereas the sesame oil-polysorbate 
80 and sesame oil-polyvinylpyrrolidone caused no hemolysis 
during 28 days of intravenous administration to monkeys, sodium 
glycocholate evoked hemolysis within a few days. 


Selection of a vehicle for administration of cannabinoids neces- 
sitated a compromise among various factors. These included the 
concentration of the cannabinoid, the concentration of the dis- 
persant, the frequency of formulation, the physical stability of the 
injectable, the duration of treatment, and the specific sensitivity of 
a species to the dispersant. Because of the difficulty in manipulating 
cannabinoids, particularly in the preparation of aqueous systems 
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containing high concentrations of tetrahydrocannabinol, it is 
worthwhile to emphasize the time element involved in the prepara- 
tion of a formulation. Whereas formulation time may not be critical 
in acute or subacute studies, it is a significant factor in chronic 
investigations where fresh, daily formulations may be required. For 
example, it took 5-15 min. to admix cannabinoid and polysorbate 
80 plus 15-30 min. to triturate the admixture with isotonic saline to 
yield emulsions with 20-100 mg./ml. cannabinoid and concentra- 
tions of polysorbate 80 below 10%. 


Formulations of cannabinoids were prepared in sesame oil at 
concentrations up to 400 mg./ml. which were suitable for chronic 
oral trials (90-120 days) in rats and monkeys (3, 5). Sesame oil has 
been an acceptable medicinal vehicle for many years, but a major 
side effect has been fecal softening (6). The use of concentrated 
cannabinoid solutions maintained a reasonable volume of sesame 
oil for each animal and reduced the laxative effect of the vehicle. 
Stock solutions of tetrahydrocannabinols in sesame oil were chem- 
ically stable for monthsu. Oral acute or subacute treatments with 
cannabinoid in low concentrations of ethanol or polysorbate 80 
were tolerable. The sesame oil-polysorbate 80 emulsion should be 
useful orally because large volumes may be administered with 
relative safety. 


The most successful injectable prepared at a reasonable concen- 
tration of cannabinoid (1-4Z) was the sesame oil ( l G l 3 z ) -  
polysorbate 80 (0.4-1 .O%)-saline formulation. The preparation 
has been used intravenously with and without tetrahydrocannabinol 
for 28 consecutive days9 and intermittently for several months in 
rhesus monkeys with minor effects ascribable to the vehicle (7). 
Emulsions could be prepared in a few minutes from stock solutions 
of cannabinoid in sesame oil. Such emulsions separated into two 
homogeneous phases, the upper containing most of the cannabinoid. 
However, because the cannabinoid in the upper layer remained 
dispersed in its phase, shaking restored the emulsion for a sufficient 
time interval to inject the material. 


Other useful emulsions were comprised of sesame oil (10%) plus 
polyvinylpyrrolidone (4.5 %), or sesame oil (10%) plus poloxalene 
(1 %), and dispersed amounts of cannabinoid up to 1 for the poly- 
vinylpyrrolidone system and 3 for the poloxalene emulsion. In 
preliminary intravenous trials, the polyvinylpyrrolidone emulsion 
was toxic in the dog but the poloxalene emulsion was not. Toxicity 
data on polyvinylpyrrolidone alone (8) and poloxalene alone (9) 
are available. 


Stable emulsions of cannabinoid at relatively high concentra- 
tions were achieved in S-lOz polysorbate 80, but this vehicle was 
extremely toxic in the dog, similar to polysorbate 20 (10). Con- 
centrated cannabinoid emulsions also required excessive prepara- 
tion time, particularly if the concentration of polysorbate 80 was 
reduced below 10%. Physical stability of these emulsions only ex- 
tended over a few days when globules formed and produced an oily 
surface film which would not redisperse. 


It would seem helpful to review briefly the types of formulations 
reportedly used in marijuana studies. Of the 40 papers examined, 
17% gave complete details of preparation, 75% simply mentioned 
the vehicle, and less than 30% provided information as to the con- 
centration of cannabinoid achieved. Formulations used for oral 
administration included olive oil in the rat (11); propylene glycol in 
the mouse and rabbit (12); 5 %  gum acacia-saline containing 
EMUL-4767 in the mouse, cat, and squirrel monkey (13); 10% 
polysorbate 8@saline in the rat and mouse (14); and 9 5 z  ethanol 
plus cherry syrup or a soft drink in the human (2, 15). 


Intraperitoneally, cannabinoids have been given in propylene 
glycol to the mouse and rabbit (12) and to the dog and monkey (16), 
in ethanol to the mouse and rat (17, 18), in polysorbate-saline to 
the mouse and rat (14, 19), in propylene glycol-polysorbate-saline 
to the rat (20, 21), in polyethyleneglycol 4Wpolysorbate-saline to 
the rat (22), in ethanol-polysorbate-saline to the rat (23), in poly- 
ethyleneglycol 300 to the rabbit and cat (24), in olive oil to the rat 
(25) and to the hamster and rabbit (26), in 5% gum arabic with 
traces of sesame oil or glycerin to monkeys (27), in peanut oil to the 
mouse and rat (28), and in 5% bovine serum albumin to the rat 
(29). Autoradiographic data have demonstrated that the intraperi- 
toneal route for cannabinoid administration is not desirable (30). 


Intravenous formulations included sesame oil-saline in the rat 


(11) andin therabbit (31); propyleneglycolin themouse(l2) andin 
the dog and monkey (16); polysorbate-saline in the mouse arid rat 
(14) and in the cat (32, 33); plasma lipids in the rat (34); bovine 
serum albumin in the rat (35); homologous plasma in dogs (36); 
serum-propylene glycol in the rat, hamster, and rabbit (26); 
polyethyleneglycol 300 in the rabbit(24); 10% polyvinylpyrrolidone- 
saline in the rat (37); and Krebs-Henseleit bicarbonate in rats (38). 
A new technique exploited aspects of the normal lipid transport in 
rats (39). 


Propylene glycol has been used subcutaneously in various species 
(16), as has olive oil-polysorbate (26). In the pigeon, 5% tyloxapol10 
has been used intramuscularly (40). Parenteral trials with 5.5z 
sodium glycocholate in the present study and 1 gelatin in a pre- 
vious study were not fruitfull’. 


CONCLUSIONS 


The present investigation indicated that the use of concentrated 
solutions of cannabinoids in organic solvents (ethanol, dimethyl 
sulfoxide, propylene glycol, etc.) limited the volume of solvent 
being introduced into the animal to a relatively safe level. In acute 
or subacute trials, the influence of the vehicle may not have ham- 
pered interpretation of the pharmacological observations; but in 
chronic studies, vehicle toxicity could be manifest. Whereas homol- 
ogous serum components may be useful dispersants of the can- 
nabinoids, preparation of such formulations for chronic trials is 
impractical. With heterologous serum components or polysac- 
charide-like materials, repetitive administration could potentially 
exert adverse immunological responses in chronic trials. 


Suspending agents like polysorbate offered useful aqueous sys- 
tems, but species sensitivity to polysorbate presented a formidable 
difficulty. Emulsions with natural oils and emulsifiers afford a good 
approach to injectables for chronic studies. It seems clear now that 
the chemical stability of tetrahydrocannabinols is much greater 
than originally realized. Maintenance of stock solutions of canna- 
binoids in suitable solvents for the preparation of physically stable 
emulsions is a reality. 
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Decomposition of Benzoic Acid Derivatives in Solid State 


J. THURg CARSTENSEN’ and MAHMOUD N. MUSA 


~ 


Abstract 0 A series of solid, substituted benzoic acids (p-XC&- 
COOH), which decompose into a liquid (xC6I-h) and carbon diox- 
ide, were studied. For decomposition to take place below the melt- 
ing point, the u value must be less than -0.35; the decomposition 
then follows Bawn-type kinetics. Neither solid (ks)  nor liquid (kz) 
decomposition constants show isokinetic relations at their melting 
points. However, log k ,  is proportional to l/Tm, where T,  is the 
absolute melting temperature, much as was found for vitamin A 
esters. 
Key phrases Decomposition rates of solid compounds-p-sub- 
stituted benzoic acid derivatives 0 Solid-state decomposition- 
p-substituted benzoic acid derivatives 0 Benzoic acid derivatives- 
solid-state decomposition, rate constants 


~ 


Many studies have been conducted related to decom- 
position rates of solid compounds. A great majority 
of these have concerned inorganic salt decompositions 
[carbonates (1-9), oxalates (1&17), and permanganates 
(18-21)], and several general patterns have been pro- 
posed as primary mechanisms in the decompositions; 
most notable of these are the Prout-Tompkins model 
(21) and the power laws (22-25). Some studies have 
been reported in the pharmaceutical literature, notably 
the ones by Leeson and Mattocks (26), by Kornblum 


and Sciarrone (27), by Garrett et al. (28), and by 
Guillory and Higuchi (29). 


Attempts to correlate decompositions in the solid 
state with usual substituent parameters in homologous 
series have not met with success. Dorko et a2. (30) 
found no such correlation in a study of substituted 
tosylates, and Meyers et al. (31) found that in the re- 
action R’COONa + R”C0OH + R’COOH + 
R”COONa, substituent u values were the governing 
parameters in that u’ would have to be larger than u” 
for the reaction to occur; this, in essence, is paramount 
to the time-tested rule that “the stronger acid drives 
out the weaker acid.” The latter two studies aimed at  the 
importance of the chemical factors involved in reactivity 
in the solid state; whereas, in general, physical pa- 
rameters (active sites, dislocations, efc.) have been the 
bases for proposed hypotheses. 


The pharmaceutical literature has partially touched 
upon the importance of liquid layers as mediators of 
the actual decompositions (26, 29), whereas the re- 
maining great majority of the cases cited dealt with re- 
actions of the type solid + solid + gas. The work deal- 
ing with aspirin anhydride (28), as well as the work 
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Essentially following an industrial research per- 
spective, a review monograph by Cooper (1) attempted 
to bridge the gap between the fundamental principles 
involved in tablet research and development and the 
evolution of technological advances in the pharma- 
ceutical industry through modern process research. 
The majority of studies on pharmaceutical materials, 
formulation, processing, quality standards, and bio- 
pharmaceutics selected and surveyed in the mono- 
graph covered the 5-year period from 1964 to 1968. 
An expansion of tablet research activity in university 
and industrial laboratories in terms of quantity as well 
as a modest elevation of quality at the technological 
level has prompted us to continue in this direction and 
review the international literature for the 1969- 197 1 
period.. In essence, it is hoped that these two reviews will 
provide a reasonable approximation of the current, 
overall state of the “art.” 


Useful introductory sections on various phases of 
tablet technology in chapters of a recent edition of a 
textbook include those on Tablets by King (2), Coating 
by Schroeter (3), and Prolonged-Action by Ballard and 
Nelson (4). In another book, probably the first com- 
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prehensive text directed toward industrial pharmacists 
and students of industrial pharmacy, chapters of im- 
portance are those on Drying by Lieberman and Rankell 
(5 ) ,  Mixing by Rippie (6), Milling by Parrott (7), Com- 
pression by Shotton and Hersey (8), Coating by Ellis 
et al. (9), Biopharmaceutics by Gibaldi (lo), Design and 
Evaluation of Tablets by Gunsel ef al. (1 l), Sustained- 
Release Dosage Forms by Eriksen (12), and Pilot Plant 
Scale-Up Techniques by Michelson (1 3). A monograph 
by Martin (14) on the formulation of aspirin is notable 
for an extensive review of the biopharmaceutic aspects 
of the most frequently administered tablet in the world. 


The latest revisions of the USP (15) and N F  (16) 
describe new test methods and specifications important 
to  the control of tablet quality. Of these, the dissolution 
rate test has stimulated the interest of research phar- 
macists to  the greatest extent. The 1969 Addendum (p. 92) 
to  the British Pharmacopoeia requires uncoated tablets to  
conform to a stated diameter except for slight differences 
due to normal punch and die wear. Burlinson (17) stated 
that: “this standardization in official compendia was 
an important step in resolving the problem of manu- 
facturers supplying tablets of identical strength but 
differing diameters.” Within the usual physiological 
requirements for swallowing tablets, it is difficult to 
see what this standard has to do with the quality of 
tablets. As will be shown later in this review, some in- 
vestigators express the view that the drug-excipient 
ratio can be a significant biopharmaceutic parameter. 
The designation “slow tablets” was adopted in the 1971 
Addendum to the British Pharmacopoeia 1968 (18) 
for the generic description of tablets formulated to  
prolong or delay the release of the medicament. This 
Addendum includes two monographs-Slow Lithium 
Carbonate Tablets and Slow Orphenadrine Citrate 
Tablets-for preparations of this type which idclude 
a solution rate test based on a modified BP disintegra- 
tion apparatus. 


FORMULATION 


General Principles-Recognition of the risk that 
“inert” excipients in tablet compositions might lead to  
undesirable effects upon the stability or bioavailability 
of the drug has led formulators to exercise caution in 
the selection and inclusion of such additives. This 
selectivity requires a greater understanding of the in- 
herent physical and chemical properties of excipients so 
that within the framework of processing necessities 
there will be no interference with the ultimate quality 
of the finished product. 


Omitting colorants, flavors, and surfactants, Keller 
(19) selected a group of important tablet excipients and 
reviewed those physical, chemical, and biological char- 
acteristics which, in his view, should be required in 
specifications. He proposed that such information 
collected in a codex of excipients would be of value to 
formulators. Kornblum (20) discussed methods for 
preformulation screening of drugs and excipients 
that would facilitate optimal design of solid dosage 
forms. A key element in his program involves the use 
of solid-state and aqueous systems, but he warned that 
misleading predictions can result from solid-state 


studies conducted at  abnormally high temperatures. 
Since the most common degradation mechanisms in 
solid systems depend upon the presence of liquid films, 
excipients such as surfactants that cause solubilization 
should be avoided in the presence of relatively unstable 
drugs. Other additives, such as buffering salts that might 
react with a drug to form soluble compounds, fall into 
the same category of potential accelerators of degrada- 
tion. 


From an analytical perspective, Ehrhardt and Sucker 
(21) devised simple and rapid methods for the identifica- 
tion of a number of excipients used in tablets and tablet 
coatings; Setnikar (22) reviewed a variety of formulation 
factors affecting the biological activity of drugs. Fonner 
et al. (23) generated a strong case for the use of optimi- 
zation techniques in pharmaceutical research as a means 
of reducing development costs and of achieving optimal 
product or process design and quality assurance of final 
product. Structured as constrained optimization prob- 
lems, these are then solved by the Lagrangian 
method of optimization. The pharmaceutical problem 
selected as an example involved the location of binder 
and disintegrant levels that served to optimize the 
physical properties and drug availability in a model 
tablet formulation. The drug chosen was phenylpro- 
panolamine, and the primary parameters measured 
were tablet hardness, friability, volume, in uitro release 
rate, and urinary excretion rate in man. Practice with 
optimization techniques will at least serve to keep in 
sharp focus the complex interplay of materials and pro- 
cesses involved in tableting technology. 


Active Drug Substances-Although considerable 
evidence exists that the physical properties of an active 
drug substance can exert significant influence upon pro- 
cessing and tablet quality, research activity along these 
lines during the period under review has been essentially 
limited to reports on dissolution rates and stability. 
These topics are covered in other sections of this report. 
Rieckmann (24) discussed some of the efforts made to re- 
late therapeutic effect with the particle-sizecharacteristics 
of such drugs as spironolactone, chloramphenicol, and 
nitrofurantoin in tablets and other dosage forms. He 
explained the fallacy of the oversimplified statements 
concerning micronization, rapid dissolution, and good 
absorption. After studying two forms of aspirin pos- 
sessing different thermodynamic activity, Mitchell and 
Saville (25) concluded that the intrinsic dissolution rate 
may be a superior method of discriminating between 
mixtures of polymorphic drugs than are such analytical 
techniques as IR spectrophotometry or X-ray diffrac- 
tion. This interpretation is only one element in a con- 
troversy related to the polymorphism of aspirin in which 
Tawashi (26), Summers et al. (27), and Mulley et al. 
(28) also participated. 


Diluents-A somewhat cursory evaluation of a 
microcrystalline dextrose containing small quantities 
of higher molecular weight saccharides as an excipient 
for tablets was reported by Bergman et al. (29). Some tech- 
nological advantages of the free-flowing material as a 
diluent-binder were presented, but no measurements of 
compaction or ejection forces were undertaken and no 
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studies were made to assess segregation tendencies-a 
major problem in the direct compression of many drug 
substances. Henderson and Bruno (30) compared the 
physical properties and direct compression charac- 
teristics of special lactose USP2 and dextrose‘ with 
spray-dried lactose USP and anhydrous lactose USP. 
Special lactose USP represented a spray-dried form of 
lactose monohydrate processed in the form of white, 
free-flowing beads while the dextrose was processed in 
the form of aggregated, porous, crystalline beads. By 
using an instrumented rotary tablet press, compression 
and ejection forces were monitored and correlated with 
tablet hardness, friability, weight variation, and dis- 
integration time. The results were interpreted by the 
authors as indicative of the superiority of the new 
diluents over the older lactose sugars. However, neither 
of the new materials was better in terms of physical 
stability of the tablets. 


Manudhane et al. (31) investigated the properties of a 
special form of starch3 for its potential as a diluent- 
binder in the direct compression of tablets. In spite of 
the free-flowing nature of this compressible starch, its 
fluidity was still not adequate for high speed compres- 
sion of tablets. Additional lubricant was needed in the 
presence of as little as 5-10 of nonlubricated excipient 
such as spray-dried lactose. From the data presented, it 
is difficult to conclude that this material possesses par- 
ticular advantages as a diluent-binder. Although better 
in this respect than starch USP, the latter may not be the 
best standard for comparison. 


Recognizing that changes in crystal structure during 
spray drying could be responsible for the direct com- 
pression properties of spray-dried lactose, Fell and 
Newton (32) characterized several batches of this ma- 
terial. A polarimetric technique was used to distinguish 
between a- and 0-lactose, while thermogravimetry was 
used to determine the proportion of a-lactose mono- 
hydrate. Three samples of commercial material con- 
tained only a-lactose monohydrate. By controlling the 
drying conditions in experimental production of spray- 
dried lactose, the proportion of each form could be 
varied. Another approach to the conversion of lactose 
and other materials to a directly compressible form by 
coating with microcrystalline cellulose was patented 
(33). 


A claim for the use of calcium citrate as the major 
excipient in tablets has been allowed (34), as has been 
another that describes the formulation of a tablet which 
disintegrates so rapidly in even a small quantity of fluid 
that it can be administered rectally (35). 


With respect to quantities of excipients handled in 
tablet processing, diluents probably represent the most 
important group and, consequently, must be considered 
in connection with bulk, solid handling properties. A 
factor of major importance, atmospheric relative 
humidity, was investigated by Eaves and Jones (36). 
They measured packing density and bed depth as vari- 
ables influencing moisture uptake and, consequently, 
the tensile strength of a number of pharmaceutical ma- 
terials. 


Beadkts. Foremost Dairies, Inc., San Francisco, Calif. 
Sta-Rx 1500 Starch, A. E. Staley Manufacturing Co., Decatur, 111. 


The physical properties of benzalkonium chloride are 
such that only an aqueous concentrate is commercially 
available. Seeking to develop a solid dosage form, Cad- 
wallader and Quamar-U1-Islam (37) selected urea as a 
diluent which, in combination with the germicide, 
could be tableted by direct compression. Based on IR 
spectral data, the authors deduced that the favorable 
tableting characteristics of the admixtures were due to 
adduct formation rather than to simple adsorption, 
Satisfactory tableting was very sensitive to compression 
pressure, and stability studies were run over too short a 
time for reaching firm conclusions. Accelerated sta- 
bility studies were used by Ward et al. (38) to demon- 
strate the compatibility of mannitol with various classes 
of active drugs. Equilibrated samples of mannitol, lac- 
tose, dextrose, and sucrose in combination with oxy- 
tetracycline hydrochloride failed to demonstrate chemi- 
sorptive properties of the excipients. Tablet dissolution 
studies provided evidence for the necessity of investi- 
gating the effect of excipients upon drug release. 


Although not experimenting directly with tablets, 
Hu et al. (39) investigated the interaction of isoniazid 
with magnesium oxide and lactose in the solid state by 
means of diffuse reflectance spectroscopy. This study 
represents an approach to preformulation research of 
particular significance to tableting technology. The 
application of this technique during the preliminary 
screening of potential interactions between drugs and 
excipients, or between excipients, can conceivably ex- 
pedite this phase of product development. The authors 
were able to demonstrate both chemisorption and phys- 
ical adsorption as interaction phenomena between 
isoniazid and magnesium oxide as well as to confirm the 
tendency of lactose to participate in the browning reac- 
tion. 


In continuing studies with the diffuse reflectance tech- 
nique, Lach and Bighley (40) tested solid-solid interac- 
tions of tetracycline, dicumarol (bishydroxycoumarin), 
and methantheline bromide with such excipients as 
magnesium trisilicate, tribasic calcium phosphate, and 
talc. At about the same time, McCallister et al. (41) re- 
ported similar studies of interactions as applied to me- 
tallic ion chelates of dicumarol (bishydroxycoumarin) 
and furosemide, but the biological significance of these 
interactions was suggested rather than demonstrated. 
The suggestions are rather strongly worded, as illus- 
trated by the following sentences: “The importance of 
strong surface interactions pointed out here can not be 
overemphasized with respect to their effect on the thera- 
peutic availability of furosemide. It is possible that these 
interactions could occur during the wet granulation 
process of tableting and in the compression of the 
tablet.” It seems more reasonable to assume that there 
is very little that cannot be overemphasized by en- 
thusiastic researchers. 


Binders-The determination of the cohesiveness of 
powders is important in mixing, screening, and trans- 
porting materials in solids technology. It is even more 
important in providing the structural strength necessary 
in handling tablets and in the retention of their original 
geometric form. Pilpel (42) reviewed the fundamental 
principles involved in measuring the cohesiveness of 
powders. He described in detail a shear cell apparatus 
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for quantitative measurements and presented some data 
of pharmaceutical interest. In addition to  a description 
of interparticulate forces, the author mentioned a few 
unsolved problems in powder technology. 


Research on new cohesive agents as tablet excipients 
appears to be at a low point currently when judged by 
our search of the literature. Starch mucilage, 15 %, and 
a copolymer of vinylpyrrolidone and vinyl acetate4, 
20 %, in water-ethanol solution were investigated by 
Suren (43) as binders in a tablet formulation of amo- 
barbital (amylobarbitone). Compression at different 
pressures was carried out on an instrumented eccentric 
press with digital readout. The tablets were then tested 
for hardness, weight variation, disintegration time, and 
dissolution rate. Those made with the copolymer binder 
were reported to be superior in rate of dissolution of the 
drug and in manufacturing properties. 


Glidants-As emphasized by Cooper (l), the uni- 
form flow of particulate mixtures from hoppers to feed 
frames to dies of tablet presses is an important pro- 
cessing requirement, amplified in urgency by recent 
regulatory implementation of unit dose specifications. 
In addition to  papers dealing with glidants, this section 
also covers investigations involving the measurement of 
flow properties. 


Factors involved in the flow of particulate materials 
from hoppers, including methods for avoiding non- 
mass flow conditions when mixtures have a tendency to 
segregate, were discussed by Miles (44). Since many 
pharmaceutical granulations fall into this category, the 
design of hoppers specific to  individual products may 
not be an unrealistic objective in process optimization. 
Unfortunately, although considerable progress has been 
made with methods for designing a hopper for mass 
flow, no generalized equation has yet been derived for 
predicting the rate of flow from such a hopper. Methods 
for controlling the discharge rate from hoppers such as 
aeration, vacuum discharge, and screw discharge are 
included in this review. Jyotaki et al. (45) described an 
analysis of flow behavior for granular material flowing 
out of a hopper which was supported by two cantilever 
arms fixed to the side walls. This arrangement allowed 
the hopper to vibrate continually under the influence of 
momentum changes as material flowed out. 


According to Suzuki and Tanaka (46), the flow of 
particles through a hopper is too complicated to con- 
clude that the powder throughout the whole hopper be- 
haves as a fluid or as a solid. In the outlet region the 
fluid analogy may hold; the authors, therefore, mea- 
sured the flow properties of several powders along a 
two-dimensional rectangular channel. Their analysis 
showed how data on individual powders can be inter- 
preted, but experimental data are required for each new 
material. Since only single powders were used in these 
experiments, it is not clear whether the fluid dynamic 
theory can be applied to the far more complex pharma- 
ceutical granulations. 


Using a radio “pill” containing a pressure-sensitive 
diaphragm, Perry and Jangda (47) were able to carry 
out internal pressure measurements in model bunkers 
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(hoppers) of cylindrical shape with conical bottoms of 
varying cone angles. An additional hopper was rec- 
tangular in shape with a chisel type of outlet. The data 
indicated the evolution of high dynamic pressures in 
mass flow hoppers with conical bottoms at the transi- 
tion point. The chisel-shaped outlet permitted mass flow 
without the development of such high dynamic wall 
pressures. Start/stop operations did not alter the pres- 
sure patterns when compared to uninterrupted flow 
conditions. Although hoppers that do not give mass 
flow have lower dynamic pressures, their flow patterns 
are neither predictable nor reproducible. These experi- 
ments may be of value in the design of large hoppers 
feeding high speed tablet presses. 


Based upon results obtained with a shear cell, two 
methods for characterizing the flow of powders have 
been suggested, namely, the flow factor and the shear 
index. Harwood (48), using data from other workers and 
his own experiments, stated that both the shear index 
and flow factor are in agreement in predicting increased 
flow properties with increased bulk density. A powder, 
however, will not be more free flowing when compacted 
than it is at its normal bulk density. A flowmeter de- 
signed to measure the relative flow behavior of par- 
ticulate matter including pharmaceuticals was de- 
scribed in a patent claim (49). Intended for use as a de- 
velopment and quality control instrument, this appa- 
ratus measures the mass flow rate of material under 
gravity from a vibrating hopper into a simulated open- 
ended die cavity. 


Endeavoring to develop a mechanistic interpretation 
of the resistance to shear of powder beds, Hiestand and 
Wilcox (50) employed a variety of procedures involving 
plastic deformation at regions of true contact and such 
structural changes in the powder bed as consolidation 
or dilation, blockage to resist unidirectional motion, 
and. particle orientation. Five examples of pharma- 
ceutical substances were selected from the large number 
tested to illustrate the variety of results obtained. 
Parameters other than friction coefficient were de- 
scribed as indicative of the flowability of a powder. 
Quantitative correlations remain to  be established. 


In assessing the flow properties of solid, granular ma- 
terial, Scarlett and Todd (51) suggested that it is es- 
sential to relate the bulk properties of a material to the 
fundamental properties of the system, which in terms of 
geometry means the size distribution and shape of the 
particles. Their experiments were designed to show how 
the porosity of a bed of particles at the time the material 
is flowing can be related to the shape and size of the par- 
ticles. Using a special split ring, annular shear cell, and 
load assembly, these investigators were able to mea- 
sure the shear stress, dilation, and critical porosity of 
free-flowing sand of three different size ranges. The data 
obtained showed that it is possible to  relate the critical 
porosity of a random, isotropic bed of particles to a ran- 
dom chord size distribution of the bed. 


The basic properties of powders that are critical to the 
behavior of particulate solids in bulk handling equip- 
ment were reviewed by Carr (52). Methods for mea- 
suring these parameters were discussed, with particular 
reference to factors influencing bulk flow properties. 
Attempting to explain why so much activity has cen- 







tered recently around “such a common thing as a 
powder,” Kaye (53) also reviewed the characteristics of 
powder systems. Interestingly, he stated that too often 
the powder technologist does not know what informa- 
tion he requires to describe his powder system. There 
are certainly many examples of this problem in the 
pharmaceutical development operation. To characterize 
a powder with respect to dissolution behavior, surface 
area is a critical parameter ; but other properties, such 
as agglomeration and wettability, may be equally im- 
portant. On the other hand, it must be extremely diffi- 
cult for the pharmaceutical technologist to define what 
information he needs to characterize a powder with re- 
spect to its compression behavior. For such reasons as 
these, Kaye suggested that future developments in ma- 
terials science depend on close cooperation between the 
technologist and the analyst in the search for meaning- 
ful methods of characterization. 


Ahmad and Pilpel(54) investigated the flow of narrow 
particle-size fractions and combined size fractions of 
granular solids through horizontal orifices. The equa- 
tion used to describe the flow behavior was applicable 
to materials differing in shape, density, and surface char- 
acteristics and to mixtures of up to five different size 
fractions, in spite of the complicating effects of fines and 
segregation. Using seven representative materials differ- 
ing considerably in their shape, rugosity, density, and 
frictional characteristics of particles, Harwood and 
Pilpel ( 5 5 )  developed a modified equation of flow for 
granular materials passing through a circular orifice. 
The equation was used to predict the flow of simple 
and binary systems, but the authors concluded that fur- 
ther work is necessary to  establish the generality of the 
relation to granular pharmaceuticals. 


From measurements of the angle of internal friction 
using a shear cell and from angle of repose measure- 
ments, Aoki and Suzuki (56) studied the net effects of 
particle shape on flow and packing properties of non- 
cohesive granular solids. By eliminating the effect of 
the coefficient of interparticulate friction, the authors 
concluded that shearing resistance is a maximum for 
particles with a shape factor of about 0.7, defined as the 
ratio of the diameter of an inscribed sphere to that of 
a circumscribed sphere for the particle. 


In a series of papers concerned with the flow proper- 
ties of powders, Kristensen and Jensen (57) discussed 
the procedures used by previous authors to measure the 
angle of repose. For several different granular materials, 
the two-dimensional drained angle was reported to be 
the most suitable measurement. Consistent results were 
also obtained for the poured angle of repose independent 
of the size of the cone of powder. A correlation was 
shown to exist between these two parameters and the 
internal angle of friction in a rotating drum. It is gen- 
erally assumed that tablet weight uniformity will be in- 
creased by improving the flow properties of granula- 
tions. In fact, the reverse effect may occur since good 
flow behavior may facilitate segregation of powders. 
Kristensen and Jensen ( 5 8 )  studied the glidant effect of 
talc concentrations between 0 and 10 % in granulations 
having different size distributions. In two cases, 2-3% 
talc produced optimum granule flow properties, but 
little effect was found in the third granulation. With a 


granulation containing a large proportion of fines, talc 
adversely affected the flow behavior. In general, the re- 
sults confirmed the opinion that the improvement of 
flow properties by a glidant was associated with better 
particle packing and, therefore, an increased bulk den- 
sity. Similarly, when higher concentrations of talc im- 
paired the flow, a decrease in the bulk density was ob- 
served. 


In a subsequent study, Kristensen (59), using more 
careful control of experimental conditions, showed that 
segregation at various stages in the preparation of tab- 
lets was greatest with the best flowing granulations. The 
granulations that consisted of lactose-starch-gelatin 
granules mixed with ascorbic acid crystals and varying 
quantities of talc offered good possibilities for segrega- 
tion to occur. It is valid to  conclude that the homogene- 
ity of a powder mix and its segregation tendency must 
be considered in the evaluation of a glidant and in the 
choice of glidant concentration for a tablet formulation. 
From studies using a shear cell, Kristensen (60) con- 
cluded that the flow factor is a constant for each powder 
specimen and can be used as a quality control measure- 
ment to  define powder properties. Although such mea- 
surements are time consuming, the results were con- 
sidered to provide more detailed information about flow 
properties than other methods currently available. 


From studies of physical properties of crystalline and 
spray-dried lactose, Kristensen (6 1) concluded that the 
flow properties of tablet granulations have a negligible 
effect on tablet weight uniformity provided the granu- 
lations are free flowing. This can be assessed by mea- 
surements of particle-size distribution and packing prop- 
erties of the granulations. A free-flowing granulation 
will possess a high poured bulk density and a small dif- 
ference between poured and tapped density, with rapid 
equilibration of the tapped volume. To assess weight 
variation of lactose which could not be compressed to 
form a coherent tablet without other excipients, an ec- 
centric tablet press was modified to permit collection 
of successive samples of uncompressed powder ejected 
from the die. 


In analyzing the effect of glidants on the flowability 
of bulk particulate solids, Jones (62) distinguished be- 
tween the optimization of flow properties by adding a 
glidant which is chemically dissimilar to the bulk pow- 
der and improving flow by the selection of an appropri- 
ate size distribution with the correct proportion of fines. 
Experimental results were discussed, and possible mech- 
anisms of glidant action were summarized in terms of 
particle separation, antifriction; and antistatic effects. 


Gstirner and Pick (63) determined the influence of 
hydrophilic and hydrophobic colloidal silica on the 
water uptake by several powders. The effect was largely 
dependent on changes in the unconsolidated bulk den- 
sity produced by the additives, since water sorption was 
retarded in a closely packed powder. Ogawa et al. (64) 
found that the repose angle and bulk volume of potas- 
sium bicarbonate increased with increased moisture 
content, but this effect of moisture could be reduced by 
glidants such as silicic acid or magnesium stearate. 


The influence of various parameters on the flow rate 
of sodium chloride and lactose granulations was in- 
vestigated by Danish (65), using a flowmeter of original 
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design. The lactose granulation, because of greater sur- 
face rugosity, required a higher concentration of finer 
particles to produce a maximum flow rate than did 
sodium chloride. With equal concentrations of drug 
and lactose in a granulation, no significant effect on flow 
rate was observed. It is, of course, unlikely that this con- 
centration relationship would exist for two drugs such 
as sulfadiazine and phenobarbital in a tablet composi- 
tion. The author concluded from his experiments that a 
lubricant acts by reducing surface rugosity through ad- 
hesion to coarser particles and by reduction of van der 
Waals’ forces through mechanical separation of in- 
dividual particles. 


Lubricants-Research activity on lubricants appears 
to be mainly directed toward the testing of new materials 
for their contribution to smooth operation of tablet 
presses or toward the methods for determining the 
effectiveness of lubricants. A broad review by Pilpel 
(66) included some information on the application of 
metal stearates as lubricants in the preparation of tab- 
lets. The mechanism of action of lubricant powders was 
studied by Miyaki et al. (67) using measurements of 
bulk density of powder mixes and observations on the 
electron microscope. Extremely rapid equilibration of 
apparent density occurred kith 1 % synthetic aluminum 
silicate or talc added to microcrystalline cellulose, corn 
starch, or dibasic calcium phosphate in a V-blender. 
On addition of calcium stearate, a much greater increase 
in apparent density occurred but an equilibrium con- 
dition was not reached even after 5000 revolutions of the 
mixer. The lubricating mechanism of talc and aluminum 
silicate was considered to be a diffusion or diffusion- 
adhesion process. With calcium stearate, the diffusion- 
adhesion effect was apparently followed by a transfer- 
coating phenomenon. 


The disadvantages of adding hydrophobic lubricants 
such as magnesium stearate to tablets were considered 
by Ganderton (68), using air permeability and liquid 
penetration techniques. Increasing the lubricant con- 
centration reduced the rate of aqueous penetration, and 
tablets containing lubricant showed greater variation 
than unlubricated tablets due to uneven distribution of 
hydrophobic material. This maldistribution was most 
evident with coarse granules. A more energetic mixing 
process ensured more uniform distribution and, there- 
fore, greater resistance to penetration. 


By compressing a standard granulation on an instru- 
mented eccentric tablet press, Fuchs et al. (69) com- 
pared the lubricant effect of two polyethylene glycols 
and 21 low melting-point surfactants with that of mag- 
nesium stearate. A triester of orthophosphoric acid with 
tetraethylene glycol monocetyl ether5 dispersed on corn 
starch was a better lubricant than magnesium stearate 
but resulted in even longer disintegration times. To en- 
sure optimum lubricant effect with high tablet strength 
and low disintegration time, the best technique was 
shown to involve dispersion of the lubricant on lactose 
and subsequent micronization. A 0.2 concentration 
of surfactant was then sufficient and the best properties 


were shown by a defined mixture of glycerol mono- and 
distearates6. 


Although the concept was not new, Alpar et al. (70) 
presented additional evidence for the effectiveness of 
polytetrafluoroethylene as a lubricant for tablets con- 
taining spray-dried lactose. Reduction in die wall fric- 
tion during compression and ejection of a 1 % concen- 
tration was comparable with that for magnesium 
stearate ; in contrast, polytetrafluoroethylene did not 
decrease the strength or disintegration rate of the tab- 
lets. This was attributed to the high yield value of poly- 
tetrafluoroethylene which prevents shear spreading. 
However, using the same polytetrafluoroethylene, La 
Manna and Shotton (71) found that, when applied t o  
aspirin formulations at  equivalent concentrations, the 
lubricant efficiency was inferior to that of magnesium 
stearate. 


Using the now almost traditional ratio of lower punch 
force to  upper punch force ( R  value) at  an approxi- 
mately constant applied compaction pressure as a mea- 
sure of lubrication, Juslin and Krogerus (72) showed 
an increase in the lubricant efficiency of fatty acids 
and fatty alcohols as the carbon chain in the molecule 
increased to 18 atoms. The lubricants were sprayed on 
the granulations using a solution in chloroform. In most 
cases, despite variation in the punch forces with the 
number of tablets compressed in the die, the R value re- 
mained fairly constant ; but results for dodecanol-a rel- 
atively poor lubricant-showed an effect analogous to 
that reported later by Rees and Shotton (73). The R 
value decreased progressively during compaction of suc- 
cessive tablets until the value was equal to that for an 
unlubricated granule. Although the effectiveness of 
hydrocarbons also increased with an increase in the car- 
bon chain length, they were less effective lubricants, 
possibly due to  a hydrodynamic rather than boundary 
lubrication mechanism. Similar ratings of lubricant 
effectiveness were obtained in comparisons involving 
the measurement of temperature at the lateral and upper 
surfaces of the tablets during compression (74) and by 
ejection force measurements (75). More recently, Juslin 
and Krogerus (76) reported the effects of the various 
lubricants on the mechanical strengths and disintegra- 
tion times of the tablets. 


In studying the effect of magnesium stearate concen- 
tration upon residual and ejection forces in an instru- 
mented single-punch tablet press, Hanssen et al. (77) 
noted that, with increasing lubricant concentration, 
residual force diminished asymptotically to a limit value. 
At the same time, ejection force diminished at a slower 
rate, thereby increasing the difference between the two 
forces. The role of multiple-compression strokes in such 
experiments was emphasized as important to the deter- 
mination of optimal lubricant concentration when an 
increased number of strokes will have no effect on fric- 
tional forces. 


Using the flowmeter described in a previous paper 
(78), Danish and Parrott (79) found no appreciable 
change in the flow rate of a lactose granulation to which 
50 % of either phenobarbital, sulfadiazine, or sodium 
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salicylate had been added. The addition of 1 % or less 
of the lubricants investigated-hydrogenated castor oil, 
glyceryl monostearate, polyethylene glycol 4000, and 
stearic acid-produced a maximum flow rate of sodium 
chloride and lactose granulations. For each of the four 
lubricants at a constant concentration, a maximum flow 
rate was obtained when the diameter of the lubricant 
particle was 0.023 cm. 


Dines and Brown (80) obtained a patent for tablets 
completely soluble in water based upon a lubricating 
system consisting of oil particles coated with oil-in- 
soluble, water-soluble, film-forming substances. Accord- 
ing to the inventors, the ability of the coated lubricant 
particles to mix with dry materials renders the mixture 
sufficiently flowable for compression into water-soluble 
tablets. Other lubricants claimed in patents for soluble 
tablets include adipic acid (81) and fumaric acid (82). 
Another patent (83) described a technique whereby 
powders with poor flow properties can be converted 
into granular material suitable for compression, using 
stearic acid or other waxy compounds as the sole tablet- 
ing adjuvant. 


Disintegrants-Continuing their investigation of the 
mechanisms of starch as a tablet disintegrant, Lowenthal 
and Burris (84) designed a factorial experiment using 
aspirin with three disintegrants at four different con- 
centrations and three levels of compaction pressure. 
A second factorial experiment was based upon only one 
disintegrant, corn starch, at four concentration levels 
with four different drugs and three levels of pressure. 
Parameters measured were mean pore diameter, poros- 
ity, and disintegration time. The complexity of the in- 
teraction of the variables in these experiments prevented 
the authors from expressing any broad generalizations 
concerning the effect of pressure, disintegrant or its con- 
centration, and medicament upon mean pore diameter, 
porosity, and disintegration time of tablets. To in- 
dustrial pharmacists accustomed to working with a 
large variety of drugs and excipients, this evidence of 
complexity is hardly surprising. With reference to  the 
mechanism of starch as a tablet disintegrant, only a 
negative conclusion could be stated, namely, that the 
disintegrant effect of starch cannot be explained by its 
influence on mean pore diameter or porosity. A com- 
parison by Fraser and Ganderton (85) of six types of 
starch incorporated in the granules of magnesium car- 
bonate tablets wet granulated with acacia showed the 
rate of disruption in water to decrease in the following 
order of decreasing particle size: potato, maranta, 
wheat, corn, waxy corn, and rice. In most cases with 
these tablets, water uptake was more rapid and the rate 
was less variable than when starch was added externally 
to the granules. 


In a study of the efficiency of a series of disintegrants 
in decreasing the disintegration time of lactose and as- 
pirin tablets, Puech and Serrano (86) found it possible 
to establish a relationship between the activity of the 
disintegrant and its capacity to absorb water. Weak 
absorbers such as ethylcellulose had little effect; dis- 
integrants absorbing up to 20 % moisture (starch, 
methylcellulose, or alginic acid) lowered disintegration 
time; strong absorbers of moisture (sodium alginate, 
Carbopol 940, and carboxymethylcellulose) increased 


the time of disintegration greatly. Baichwal and Moghe 
(87) showed that hydrocellulose, prepared by hydrolysis 
of absorbent cotton, possesses disintegrant properties 
at a concentration of 10 %. More rapid disintegration of 
tablets was observed when a 3 : 1 mixture of hydrocellu- 
lose and corn starch was used than if the individual dis- 
integrants were used alone. This was attributed to a 
capillary action of the hydrocellulose coupled with a 
swelling of the starch. The influence of the solubility of 
drugs on the effectiveness of starch as a disintegrant was 
investigated by Shteingart et al. (88). Tablets of water- 
insoluble drugs prepared with starch disintegrated rap- 
idly, whereas those containing water-soluble drugs dis- 
integrated slowly due to the lowered sorption capacity 
of the starch. 


The influence of the location of different soluble and 
insoluble disintegrants in tablet formulations prepared 
by wet and dry granulation techniques and containing a 
high proportion of active substance was investigated by 
Delonca et al. (89). Changes in disintegration time and 
tablet friability for each formulation were recorded. 
The authors concluded that more rapid disintegration 
was in most cases produced by the insoluble disinte- 
grants regardless of the method of granulation. As 
might be expected, with a highly soluble, high dose, 
active substance, the type of disintegrant was unim- 
portant. 


By measuring the disintegration times for wet granu- 
lated tablets at  a range of atmospheric pressures, 
Huettenrauch and Schmeiss (90) demonstrated an 
apparently linear relationship between these parameters 
which they attributed to  the air pressure facilitating en- 
try of the liquid disintegration medium into the tablet 
pore structure. With tablets that were partially evacu- 
ated prior to disintegration testing at ambient pressure, 
a reduction in the air pressure in the pores resulted in 
more rapid disintegration. Huettenrauch and Jacob 
(91) commented that, in spite of considerable evidence 
that capillary effects, wetting, and solubility are re- 
sponsible for the disintegration of tablets, many in- 
vestigators still attribute the phenomenon to a swelling 
of disintegrants. In controlled studies with different 
macromolecular disintegrants, the swelling conditions 
were varied by altering the polarity of the solvent using 
pyridine-water mixtures. Since liquid uptake and swell- 
ing tendencies of tablets were riot related to the dis- 
integration behavior, they concluded that disintegration 
is not due to the swelling of disintegrants. Subsequently, 
theyshowed(92) that although the swelling effect of a semi- 
synthetic polysaccharide derivative’ in a tablet decreased 
with increasing temperature, the disintegration effect 
increased slightly. This result was also presented as 
evidence that disintegration is not a swelling phenom- 
enon. 


On the other hand, in an attempt to  elucidate the 
mechanism of disintegration by measuring the swelling 
properties of various substances, Delonca et al. (93) 
concluded that with certain materials such as car- 
bomer8, a swelling phenomenon may be responsible for 
the rupture of tablets. 
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Working with a tablet composition that was difficult 
to  disintegrate in water, Hirata (94) evaluated several 
concentrations of crosslinked polyacrylic acid and cross- 
linked polymethylacrylic acid as disintegrants. The 
parameters studied included the effects of disintegrant 
concentration, compression force, and the presence of 
an organic salt and several inorganic salts on the equi- 
librium weight of tablets due to swelling. In the system 
studied, the rate of water uptake was indirectly related 
to the disintegration time. In a subsequent paper (95) 
the disintegrant properties of crosslinked acacia were 
compared with sulfonic acid (styrene base) ion-exchange 
resins9 in calcium iodochlorhydroxyquinoline tablets. 
Except with these resins, a reduction in void space in the 
tablets increased the time of disintegration. 


In an evaluation of five commercially available dis- 
integrants, Khan and Rhodes (96) found sodium starch 
glycolatelo and a cation-exchange resin l 1  to  be most 
effective for insoluble direct compression systems. The 
same authors (97) stated that with certain tablet formu- 
lations, increased consolidation under pressure can in- 
crease the rates of disintegration and dissolution. This 
was demonstrated for a system of dicalcium phosphate 
dihydrate containing magnesium stearate, with a 
cation-exchange resin as the disintegrant. 


Following a series of tests of the physical properties of 
formaldehyde-casein 2, Selmeczi and Liptak (98) con- 
cluded that this substance fails to meet the definition of 
a universal disintegrant. When combined with other 
disintegrants, however, it may have some potential 
value in tablet formulation. A similar view was pro- 
posed by Sumegi and Kedvessy (99), who compared the 
disintegration time, hardness, and friability of a readily 
soluble and a poorly soluble drug formulation with either 
of two disintegrants. For maldehyde-casein provided 
shorter disintegration time. and microcrystalline cellu- 
lose yielded tablets with superior mechanical properties. 


Disintegrants for use in effervescent tablet formula- 
tions have attracted the attention of some investigators. 
In a German patent application (IOO), the claim was 
made that pure sodium dihydrogen citrate can be used 
as the sole acid component in combination with other 
usual excipients to produce formulations that need not 
be processed at low humidity and that are stable under 
tropical conditions if protected from condensed water. 
A Belgian patent (101) claimed that glutaric acid is 
superior to citric or tartaric acid in resistance to caking 
due to its lower hygroscopicity. A technique developed 
for treating the surface of acid crystals for use in effer- 
vescent tablet formulations appeared in a patent (102). 
A mixture of sodium carboxymethylcellulose and poly- 
ethylene was claimed to be an effective disintegrant in 
tablets prepared by direct compression ( 103). 


Colorants-Because of previously reported inter- 
actions between polymers and dyes, Prillig (104) in- 
vestigated the effect of a wide variety of colorants on 
the solubility characteristics of cellulose derivatives 
commonly used in the film coating of tablets. Both free 
films and coated tablets were prepared ; test parameters 


9 Amberlite IR-120. 
10 Primogel. 
11 Potassium polacrilin, Amberlite IRP 88. 
l 2  Esma-Spreng. 


included film solubility, tablet coating thickness, tablet 
disintegration time and dissolution rate, viscosity of 
dye-cellulose mixtures, and in ~ i u o  urinary excretion 
levels of riboflavin-containing, coated tablets. The re- 
sults confirmed the influence of some dyes on the solu- 
bility of the cellulose polymers tested but without 
identifying a specific correlation with the chemical 
structure of the dye. Various theoretical explanations 
for such interactions were offered, but the results of the 
study pointed to the advisability of individual tests on 
each dye-polymer combination. 


Kornblum and Lopez (105) selected fumed titanium 
dioxide as an adsorbate for the preparation of color 
lakes in view of the particle-size range and low content 
of soluble titanium salts of the fumed variety. In 
addition to the water-soluble dyes and titanium dioxide, 
the lake compositions also contained acidifying, binding, 
and surfactant materials. By spray drying the titanium 
slurry, the particle-size range was demonstrated to  be 
between 1 and 10 pm. Suspensions of the color lakes in 
sucrose syrup were applied to rounded, rotating tablets 
in an automated coating system. Only 8-12 applications 
of the color suspension were needed to obtain maximum 
color tone and uniform color dispersion. 


Coating Materials-With the exception of the area 
of polymeric film coating, research activity in coating 
materials for pharmaceutical purposes is to be found 
almost entirely in the patent literature, with much of 
that of minor scientific interest or value. For con- 
venience in classification, this section is divided into the 
three common groups of coated tablets: sugar, enteric, 
and film. 


Sugar-Pandula and Toth (106) studied a variety of 
sugar-coating formulations in order to select a com- 
position providing optimal coating properties, friabil- 
ity, and dissolution rate. In one of a series of Japanese 
patents (107), the claim was made that, by using a mix- 
ture of water and a water-miscible solvent, a super- 
saturated sugar solution which is stable for a long period 
can be used for sugar coating. Another patent claim 
(108) stated that a sugar-coating formulation contain- 
ing specific higher fatty acid esters of sucrose is suitable 
for tablets containing moisture-sensitive drugs. In 
earthquake-prone territory (109), the incorporation of 
short fibrous materials in sugar coatings will increase the 
resistance of the coated tablets to mechanical shock. 
The application of alternate layers of a material such as 
shellac during sugar coating of tablets was reported 
(110) to improve the appearance and stability of tab- 
lets. In a German patent (1 1 l), the claim was made that 
the use of silica in intermediate layers during sugar coat- 
ing speeds up the process by reducing drying time. 


Entevic-The design of enteric coatings, including a 
comprehensive discussion of appropriate excipients, 
was the subject of a review by Delporte (1 12). Enteric 
coatings should be resistant to gastric enzymes and pH 
conditions of 1.2-3.5 for up to 6 hr. The mistaken con- 
cept of an alkaline pH in the intestine was referred to, 
as was the short residence time of about 5 min. in the 
duodenum. The jejunum, where release from enteric- 
resistant forms should occur, was stated to be about 
pH 4-5. In this respect, materials such as copolymers of 
maleic anhydride are of particular value. The author 
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stressed the importance of definitive in vivo confirma- 
tion of the efficiency of an enteric-coating formulation. 


On the basis of in vitro dissolution studies, Froem- 
ming and Sandmann (113) recommended the use of 
cholic acid derivatives of active substances as enteric 
forms. The effect was attributed to the inclusion of the 
active substance in canal-shaped pores of the cholic 
acid, with in vitro release of the active substance oc- 
curring at pH 6-7 but not at pH 4-5. No indication of 
the stability of such cholic acid derivatives at low pH 
was given. 


Film-An extensive review of pharmaceutical aspects 
of polymer science by Rhodes and Banker (114) in- 
cluded a section on polymer coating. The dissolution of 
an ethylene-maleic acid copolymer was investigated by 
Heyd et al. (1 15), using an immersion refractometer for 
polymer analysis. Solvent pH influenced the dissolu- 
tion of the polymer through its effect on swelling and 
hydrated layer thickness. Powell and Banker (116) in- 
vestigated the potential film-coating applications of poly- 
(methyl vinyl ether-maleic anhydride) in the unesteri- 
fied form. Water-soluble films could be obtained by mild 
humidity conditioning of the polymer in the solid state. 
Such partially converted films disintegrated in the 
stomach or proximal jejunum in 30-45 min. compared 
to 10-30 min. for the uncoated tablets. Without pre- 
conditioning, the poly(methy1 vinyl ether-maleic anhy- 
dride) film systems possessed enteric properties de- 
pendent primarily upon exposure time to body moisture. 


A study reported by Zatz and Knowles (117) was 
designed to determine the monomolecular film proper- 
ties of cellulose acetate phthalate, cellulose acetate 
butyrate, and cellulose acetate stearate. When the sub- 
phase pH was raised from about 3 to 6.5, monolayers of 
cellulose acetate butyrate and cellulose acetate stearate 
remained unaffected whereas large changes in mono- 
layer properties occurred with cellulose acetate phthal- 
ate. It could be inferred that neither cellulose acetate 
butyrate nor cellulose acetate stearate are capable of 
functioning as enteric-coating materials. The authors 
concluded that the utilization of polymer monolayers 
as a model for enteric and film coatings provides a 
rapid means for the evaluation of new polymers and 
polymer mixtures as coating materials. 


In order not to prolong tablet disintegration in the 
digestive fluids, Kuriyama et al. (1 18) investigated the 
properties of combining single films to make a double- 
layer film. This was accomplished by forming together, 
with the aid of a solvent, two single films of equal thick- 
ness but of two different types. Water vapor permea- 
bility studies on the free films were conducted, and it 
was found that some double-layer films provided 
effective protection from moisture when the combined 
thickness of the layers was less than that of a single 
film. This phenomenon was interpreted as providing a 
means of obtaining moisture protection and rapid disin- 
tegration by a simple technique. 


In a continuation of this study (1 19), the relationship 
between water vapor permeability and humidity was 
shown to depend not only upon the difference in vapor 
pressure between the higher and lower humidity sides 
of the test films but also upon the mean humidity condi- 
tions to which they were subjected. It will be interesting 


to see how this approach is applied to the technological 
requirements of coating tablets. Kildsig et al. (120) 
developed a theoretical equation justifying the graphi- 
cal representation of vapor permeation data by the 
reciprocal of rate of water vapor permeation and film 
thickness. The equation permits calculation of the 
permeability coefficient of the film as the authors 
demonstrated with films of unplasticized methyl- 
hydroxypropoxyl ethers of cellulose cast from water and 
an organic solvent. 


Lindberg (121) reported that with free films pre- 
pared with different viscosity grades of hydroxypropyl- 
cellulose and with films deposited from different sol- 
vents, there was no significant difference in the water 
vapor transmission. Various plasticizers and pigments 
also had no significant effect, but increasing the con- 
centration of polyvinylpyrrolidone in the hydroxy- 
propylcellulose film increased the permeability. Lind- 
berg considered that no effect of the solvent system 
would be expected since the solvent had evaporated 
before the films were used. This opinion omits the pos- 
sibility that the type of solvent might have some effect 
during film formation. 


Using helium pycnometry, Ilia et a]. (122) found that 
with film-coated tablets the surface was less porous than 
with sugar-coated tablets. Their claim that the porosity 
of film coats is more reproducible is hardly justified on 
the basis of only two replicate batches of tablets. In a 
Japanese patent (123), a coating material derived from 
polyvinyl alcohol was described, which, although sol- 
uble in gastric fluid, was claimed to impart water- 
resistant properties to the tablet. A similar claim for a 
series of cellulose derivatives appeared in a German 
patent (124). 


Surfactants-In a study of 32 different nonionic 
surfactants used in the preparation of effervescent vagi- 
nal tablets, Duch2ne et al. (125) found the foaming 
power of the tablets to be related to the chemical struc- 
ture of the surfactants rather than to their HLB values. 
There appears to be a direct relationship between the 
foaming power and the lipophilic part of the surfactant 
molecule. The foaming power is also dependent on the 
linkage between the hydrophilic and lipophilic elements 
of the surfactant, with an ether linkage yielding the best 
results. An in vivo test in dogs, with the aid of radio- 
paque tablets, showed diffusion to be directly dependent 
upon disintegration time. In another study, Duchine 
et al. (126) reported that nonionic surf act ant^'^ in- 
creased the flowability of sulfanilamide granules and 
dissolution rate of the drug. The influence of these sur- 
factants on tablets was more variable with respect to 
friability and disintegration time. 


PROCESSING 


General Principles-Although it is now recognized 
that the formulation design of dosage forms such as 
tablets can markedly affect the biological activity of the 
drug substance as well as the mechanical, physical, and 
chemical properties of the product, the closely related 
role of the manufacturing process is not so widely ap- 
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preciated. In view of the importance of the process, 
pilot plant and scale-up operations represent a critical 
stage in the development of a pharmaceutical product; 
yet there are few references to  such investigations in the 
literature. 


A technique termed “evolutionary operation,” which 
could find application in optimizing pharmaceutical 
processes by systematic small changes in the operating 
conditions for successive investigatory batches, was 
reviewed by Ridgway (127). Although the example 
refers to  laboratory scale and plant scale implementation 
of a semisolid mixing process, possible applications in 
tablet technology could include the selection of the 
optimum quantity of granulating liquid and mixing 
time for wet granulations or the most suitable time and 
temperature conditions in a fluidized bed. 


An important factor, which must be controlled if the 
processing properties of a pharmaceutical dosage form 
are to be reproducible throughout the various stages of 
development and during production, is the standardi- 
zation of the physical properties of the active substances 
and excipients and the intermediate products such as 
granules. With solid dosage forms, parameters to be 
controlled include the individual and bulk particulate 
properties of the materials. In this respect, much valu- 
able information can be obtained from nonpharmaceuti- 
cal disciplines. Numerous sponsored investigations in 
particle technology research in Britain were summarized 
by Heywood (128), with reference to official specifica- 
tions for powder characteristics. Proposals were in- 
cluded for standardization of particle-size and particle- 
shape nomenclature to facilitate comparison of re- 
search results. Methods for controlling the size distri- 
bution and other properties of powders during manu- 
facture were reviewed by Garrett and James (129), with 
specific reference to ceramic oxide fuel. Many of the 
concepts are equally relevant to pharmaceutical particu- 
late materials for incorporation in tablets. In both cases, 
the powder properties must be dictated not simply by 
the ease of preparation of the powder but also by the 
subsequent processing requirements. 


The bulk transfer of powdered or granulated material 
by various methods was reviewed by Ritschel (130). 
Schematic drawings illustrated three pneumatic and five 
mechanical types of equipment available. Adherence of 
particles to containers and to each other during storage 
and handling can be a serious problem; the various 
mechanisms involved in adhesion and agglomeration 
were surveyed by Pietsch (13 I), with particular reference 
to caking. Molecular interaction, van der Waals’ forces, 
electrostatic forces, and the influence of moisture on 
the adhesion of powders were among the topics con- 
sidered at an international colloquium (132). Electro- 
static charges frequently cause problems in powder 
handling but, as pointed out by Kaeppel et al. (133), bi- 
polar charges cannot be determined except by indirect 
assessment of changes in properties such as flow and 
bulk density. An ionization device to  dissipate bipolar 
electrostatic charges was described. 


In view of the important effect of particle shape on 
various processes, techniques for sorting particles by 
shape (134, 135) may find application in tablet devel- 
opment and production operations. The numerous 


sieves specified by 12 different pharmacopeias for the 
size analysis of powders were tabulated by Vialard- 
Goudou and Gimonet (136), with reference to the 
various arithmetic series on which the sieve sizes are 
based. An attempt by the International Standards 
Organization to  standardize sieve sizes is reflected in 
the new editions of several pharmacopeias. 


Ridgway and Hersey (137) surveyed over 40 studies 
relating powder technology to tablet manufacturing 
processes. Several of these investigations were con- 
cerned with the characterization of the initial powdered 
material. Reports in the field of pharmaceutical engi- 
neering in 1968 and 1969 were reviewed by Fowler 
(138, 139), with reference to particle-size measurement, 
size reduction, mixing, granulation, and solids handling. 


Particle-Size Reduction-Comminution processes 
such as milling, crushing, and grinding play an impor- 
tant part in many tablet manufacturing operations. 
Reduced particle size may be important to ensure ade- 
quate mixing of drugs with excipients by increasing the 
number of particles per unit dose of an active substance. 
In the case of poorly soluble substances, size reduction 
may increase the dissolution rate by increasing the 
surface area. Dispersion of pigments and other particu- 
late materials during mixing and granulating operations 
and in the preparation of sugar- and film-coating sus- 
pensions may also be facilitated by a milling process. 


The capabilities of various comminuting machinery 
and the selection of a mill for a specific purpose were 
discussed in detail by Hiorns (140) in a survey of litera- 
ture through 1970. The dependence on material prop- 
erties such as hardness was considered with reference to 
methods for determining the crushability and grind- 
ability. In the grinding zone of a mill, the particle-size 
distribution is undergoing substantial change and little 
is known about the flow properties of granular material 
under such conditions. The strength of particles varies 
with size, larger ones generally being weaker ; but since 
they are irregular in shape, the direction and magnitude 
of the force applied to each particle can only be stated 
in statistical terms. Hiorns explained that since there is 
no theory of the comminution operation that is firmly 
based on physical principles, the choice of equipment 
is usually based on experience coupled with empirical 
tests, depending on properties of the feed and the ex- 
tent of size reduction required. Harley (141) attributed 
the scarcity of information about the unit operation of 
size reduction primarily to this empirical methodology 
on which the design of milling equipment continues to 
be based. In a review concerned with laboratory equip- 
ment and large-scale engineering machinery for numer- 
ous materials including pharmaceuticals, Harley pre- 
dicted that although the operating principles are likely 
to remain unchanged, equipment will become available 
in the 1970’s incorporating the results of recent re- 
search and development in grinding mechanisms. 


Surveying the use of fluid-energy mills for micron- 
ization, McDonald (142) stressed that since the power 
consumption for size reduction increases as the product 
fineness increases, a product is usually ground only as 
fine as subsequent usage necessitates. Equipment design 
for ultrafine grinding was discussed; the advantages to 
the pharmaceutical industry were mentioned including 
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sterilization capability, relatively low product contami- 
nation, and ability to mix and mill two components 
simultaneously even when the proportion of one sub- 
stance is low. The common problems of agglomeration 
and packing of material in a fluid-energy mill were not 
considered. 


More recently, McDonald (143) discussed process 
equipment for grinding, with particular reference to the 
pharmaceutical industry. An interesting development is 
a mill that grinds samples under liquid nitrogen and, 
therefore, can be used for milling certain problematic 
materials. Size reduction was reviewed from a pharma- 
ceutical standpoint by Ritschel (144), with an expla- 
nation of the possible objectives, a summary of the 
various theories, and a discussion of relevant material 
properties. The article included a tabulation of appro- 
priate processes and equipment for size reduction of 
different types of material to specified particle sizes. 


Niediek (145) reported extensive studies on the size 
reduction of crystal sugar. Impact milling and crushing 
between plates and rollers were compared in terms of 
changes in size distributions, fracture tendency, energy 
required, creation of new surfaces, and formation of 
agglomerates. Between 20 and 100" temperature had no 
apparent influence on the milling process. A minimum 
speed of impact was demonstrated, below which no 
appreciable size reduction occurred and which depended 
on the size of the original particles. At the point of im- 
pact, each particle produced an agglomerate of fine 
particles, the agglomerate size depending on the impact 
velocity and the initial particle size. Niediek (145) 
stated that to define the capability of a milling proce- 
dure, the necessary energy to reduce the size of a single 
particle should be given and not the specific surface 
energy of the material as is so often quoted. The former 
value is expressed as the increase in surface area per 
unit of energy input and was about twice as high with 
crushing operations than with impact milling. The 
frictional conditions in a roll mill tended to reduce the 
formation of agglomerates. 


In exploring the kinetics of size reduction, Berg and 
Avis (146) used a ball mill to comminute sodium chlo- 
ride crystals, followed by microscopic examination of 
particle shape, agglomeration, and general appearance. 
Sequentially, the polycrystalline material first breaks 
up into its constituent crystals, followed by cleavage of 
the single crystals into thin platelets which are no longer 
exposed to shear forces for additional cleavage. With 
additional milling, the platelets break to a certain size 
as expected from a stress analysis; from then on, only 
surface abrasion occurs. Increased surface activity 
resulting from this abrasion produces agglomerates 
but, since these are also subject to comminution, only 
those nearest the shape of a sphere tend to survive. 


The effect of time on product size distribution during 
batch grinding can be represented by a modified first- 
order kinetic decay of oversize material. Harris and 
Chakravarti (147) presented data for several materials 
and milling conditions which support this theory and 
which show that, in many cases, measurements during 
the early stages of the process may be extrapolated to 
predict the size reduction after extended grinding times. 
Presentation of particle-size distributions and kinetic 


data for comminution, using log uersus log and semi- 
logarithmic (i.e., fraction remaining uersus time) graphi- 
cal plots, respectively, frequently results in crowding of 
the data (in the first case, above 5 0 z  undersize; in the 
second example, during the early stages of comminu- 
tion). Harris (148) described a chart which permits 
graphical presentation of such data without this kind 
of congestion. 


Mixing-Despite the critical importance of the mixing 
operation in the preparation of pharmaceutical dosage 
forms, the literature contains few reports by pharma- 
ceutical scientists relating to the complex process of 
solids blending. In view of the highly potent, low dose 
substances that are becoming the rule rather than the 
exception in pharmaceutical practice, it is highly un- 
likely that this dearth of information reflects a situation 
where no problems exist. Fortunately, the mixing pro- 
cess is also important to other industries and there have 
been a number of useful investigations of the process 
and equipment by chemical engineers and others. 


A thorough and critical review of solids mixing by 
Fan el al. (149) is of particular interest to development 
pharmacists concerned with the problem of content 
uniformity in tablets. The various criteria that have 
been proposed to assess the degree of mixedness were 
summarized in a table which also listed the materials 
and types of mixers used by the various investigators. 
The numerous parameters involved were discussed in 
terms of the material characteristics, mixing equipment, 
operating conditions, and sampling procedures. With 
respect to the simulation of solids mixing processes, the 
authors recommended Monte Carlo simulation tech- 
niques which involve sampling from statistical distribu- 
tions to approximate the real physical phenomena with- 
out reference to the actual physical systems. Covering 
about 200 relatively recent investigations in clear con- 
cise language, the review represents required reading 
by all tablet technologists. Owing to the large number 
of products that are processed as relatively small batches 
in most pharmaceutical manufacturing operations, it 
is common practice to expect a single type of mixer to be 
an effective solids blender for several very different 
mixing processes. 


In 1970, Miles and Schofield (150) reviewed the 
many factors that must be considered when select- 
ing a suitable solids mixer including particle size and 
shape, flow properties, segregation tendency, size reduc- 
tion, and moisture content of the materials. A simple 
test for crude assessment of strong segregation tendency 
was described which, although not sufficiently discrimi- 
nating from a pharmaceutical point of view, may be 
useful in preliminary formulation trials. In view of wide- 
spread use in the pharmaceutical industry of tumbling 
mixers such as double cone and V-blenders, it is impor- 
tant to note that such equipment is likely to cause segre- 
gation with free-flowing powders having a wide size or 
density difference between components ( 15 1). Vertical 
screw mixers are claimed to be more suitable for segre- 
gating materials owing to the predominant role of the 
convective mechanism. Several other reviews of the 
mixing process (152) and available mixing equipment 
(153, 154) appeared, including a description of some 
new mixer designs (155). 
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In an interesting study of seven mixers, including the 
air (fluidized-bed), double-cone, and rotating-cube 
types common in the pharmaceutical industry, Miles 
and Schofield (156) determined the rate of mixing at the 
optimum mixing conditions for each mixer. For the 
relatively simple, two-component, nonsegregating, free- 
flowing system of particles of uniform density, size, and 
shape, the air mixer gave the highest output of well- 
mixed material. However, the nearest approach to a 
random mixture was obtained with a rotating drum 
fitted with a simple baffle. The authors were careful to  
point out that the same conclusions relating to  mixing 
efficiency would not necessarily apply to cohesive or 
segregating materials. Batch mixing of powders that 
tend to segregate is difficult and often leads to an un- 
satisfactory intermediate product being supplied to the 
next processing stage. Williams and Rahman (157) 
commented that continuous mixing, with the elimina- 
tion of intermediate storage and handling, should be 
considered in  such cases. Approaches to the problem 
of continuous mixing were reviewed, and the perfor- 
mance of a simple continuous mixer was studied exten- 
sively under various experimental conditions. 


An alternative process, which avoids the potential 
problems of demixing during material-transfer opera- 
tions, involves the use of a fluid-bed spray granulator 
for carrying out the mixing, granulating, and drying 
operations without unloading the powder mix. Thurn 
e /  al. (158) evaluated the efficiency of this process for 
mixing three separate forms of a barbiturate with lac- 
tose. Theoretically expected values of mixedness, ex- 
pressed as relative standard deviations for a series of 
random samples, were not always obtaincd, and the 
reasons for this were discussed. The authors recognized 
the need for further experiments before proposing any 
general conclusions. 


The idealized study by Bagster and Bridgwater 
(159) of factors involved in the two-dimensional flow of 
noncohesive granular material over a moving blade 
may improve the understanding of the behavior of 
material in process equipment such as a planetary mixer. 
The presence of a substantial zone of material that is 
stagnant with respect to the blade was demonstrated, 
although surprisingly this region is not immediately 
next to the blade. 


In  a study of the mixing of superimposed powder 
layers flowing down a chute, Ridgway and Rupp (160) 
showed that the amount of mixing decreased with de- 
creasing sphericity of particlcs, presumably because 
angularity causes the bed to resist shear. Reducing the 
particle size of the upper layer first increased the mixing 
rate but then introduced a segregation tendency. The 
authors considered that this type of study is applicable 
to conditions in a rotary mixer, in which particles flow 
down the inclined face of the powder charge, and pos- 
sibly to the flow of material in  the hopper and on the 
die-table of a rotary tablet press, but no correlation was 
attempted. The mechanism of segregation and blending 
of particles flowing out 01’ a mass-flow hopper was 
analyzed theoretically by Shinohara el al. (161) for a 
binary mixture. 


Even if  the bulk motion of material in a mixer is 
periodic and regular, the motion of individual particles 


is random due to  collision between particles and with 
the container wall. A mathematical consideration of the 
mixing process must, therefore, involve a statistical 
treatment such as that developed by Inoue and Yama- 
guchi (162). The results of an ideal mixing process using 
colored glass balls in a two-dimensional V-blender were 
shown to agree well with the digital simulation. Hogg 
e t  al. (163) developed a quantitative theory to  describe 
mixing in particulate systems in which one component 
is present only as a “trace” quantity. Theoretical pre- 
dictions agreed closely with experimental data using 
materials of similar densities, size, and shape, with 
1 .642  of the minor component-a relatively large 
proportion by pharmaceutical standards. 


Since, in practice, particles generally possess non- 
uniform physical properties, the mixing process rarely 
reaches a state of randomness. Williams (164) examined 
theoretically a nonrandom binary mixture and derived 
an expression for the variance of the composition of 
samples drawn from the mixture. When the variance 
based on a given sample size is determined experi- 
mentally, it becomes possible to  predict the variance 
for a different sample size. In addition, an index of mix- 
ing which is independent of sample size is obtained. 
Further development of this concept should be of value 
in assessing the efficiency of pharmaceutical mixing 
operations. From experiments with free-flowing ma- 
terials in a drum mixer, Lloyd et ul. (165) confirmed that 
the concept of a random mix is only valid for particles 
of the same size. A pseudorandomized system can be 
obtained for particles of different sizes, provided the 
speed of rotation of the mixer reflects the maximum 
porosity of the individual components. 


Other studies assessed the influence of moisture (166) 
and the role of mixing aids (167) on the mixing effi- 
ciency in binary powder systems. 


Although the mixing studies and theoretical treat- 
ments that deal with free-flowing uniform materials 
represent important attempts to define the process of 
solids mixing more fundamentally, most pharmaceutical 
mixing operations involve cohesive materials with a 
range of particle sizes, shapes, and densities. Okada 
el al. (168) studied the early stages of mixing of cohesive 
pharmaceutical powders in a V-blender. They found 
that the circulating flow of particles which is observed 
with noncohesive materials did not occur. By sampling 
at specified positions, they found that when the mixer 
was charged with the minor component at the 
center of the upper surface of the major com- 
ponent, more rapid distribution occurred than if the 
minor component was introduced first at the apex of the 
inverted V-blender. 


Mixing problems associated with the cohesiveness of 
minor and major components in two-component SYS- 
tems were investigated by Shotton and Orr (169) using 
a Lodige-Morton mixer. A free-flowing major com- 
ponent such as heavy magnesium carbonate may facili- 
tate distribution of the minor component by causing 
dispersion of agglomerates due to  shear. Electron mi- 
croscopy and other techniques were used by Travers 
and White (170) to show that indentations and irregu- 
larities on a crystalline diluent can act as adsorption 
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sites for a micronized powder, thus reducing segrega- 
tion tendencies in a powder mix. 


Problems associated with the pharmaceutical mixing 
of solids were surveyed by Polderman and de Blaey 
(17 I), with reference to the content uniformity require- 
ments for the final dosage form. 


Butters (151) stated that the lack of satisfactory tech- 
niques for removal and analysis of samples has reduced 
confidence in much of the experimental work on solids 
mixing discussed in the literature. A review by Hersey 
(172) on sampling and homogeneity of powder mixtures 
is of particular interest from the point of view of how 
best to assess the degree of homogeneity. An interesting, 
though not always feasible, approach which avoids mix- 
ing two active substances in the same granulation is the 
use of “proportionalization” as exemplified by multi- 
layer or cored tablets. In these cases the variability in 
the ratio of the two substances tends to  be reduced, pro- 
vided the weight ratio of the two granulations is correct. 
The dosage uniformity of each component still is regu- 
lated by the homogeneity of the respective granulations, 
but this should be improved since the proportion of 
each component in the granulation in which it appears 
is higher. In a critical evaluation of procedures for 
powder sampling, Allen and Khan (173) demonstrated 
that the use of a spinning riffler was far superior to  
other techniques and that mixed or unmixed powders 
can be sampled equally efficiently. 


Granulating-For several reasons, it may be necessary 
to granulate powdered materials prior to tablet com- 
pression. A decrease in the quantity of fine powder re- 
duces cross-contamination and machine problems due 
to dust, and improved flow properties increase the uni- 
formity of the feed rate to the punches and dies, thus 
improving tablet weight uniformity. An important 
advantage, omitted by Ritschel (174) in a review of the 
size enlargement unit operation, may be the increased 
content uniformity of drugs and excipients present in 
small quantities, since segregation and demixing ten- 
dencies are reduced by fixing the particulate compo- 
nents with respect to one another. 


A four-part series by Ries (175-178) summarized the 
objectives of granulation and established a classifica- 
tion of machines and processes. Numerous photographs 
and schematic drawings illustrated the wide range of 
equipment and the shape of the products produced by 
them. Although the text was not directed toward the 
pharmaceutical industry, the author’s exhaustive analy- 
sis provided possibilities for potential applications in 
the production of solid dosage forms. 


Reviews concerned specifically with pharmaceutical 
granulation include an article by Pilpel(179), which also 
considered processes such as bowl and dish granulation, 
spray drying, and fluidized-bed principles; surveys by 
Ritschel(l74, 180) covered spray granulation and briefly 
mentioned extrusion techniques for thermoplastic ma- 
terials. Pietsch (18 1) compared wet and dry pharmaceu- 
tical granulation techniques and the possible bonding 
mechanisms involved. Fast drying of a wet granulation 
in which the active substance is soluble in the granulat- 
ing liquid produces a fine crystal structure between the 
undissolved particles. This produces extremely strong 
granules, but the dissolution rate of the aggregates may 


be prolonged compared with a granule that is dried 
slowly. It is possible that this effect discussed by Pietsch 
could yield differences in the mechanical and bio- 
pharmaceutical properties of granules dried conven- 
tionally and, for example, those dried in a fluidized bed. 
Numerous advantages of dry granulation by roll com- 
paction were discussed. Although Pietsch claimed that 
a disadvantage of wet granulation is that crystal growth 
(e.g., of micronized material) cannot be reliably elimi- 
nated, it is also possible that dry granulations have an 
adverse effect on the dissolution behavior of a sub- 
stance due to agglomeration. An extremely thorough 
review of the principles and technical applications of 
roll-type compacting machines by Pietsch (182) is par- 
ticularly valuable in demonstrating the mechanical 
design of the rolls that form the shape of the compact. 
The variety of shapes available is astonishing but not 
necessarily of importance for pharmaceutical applica- 
tions since the compaction step is generally followed by 
comminution and compression on a standard rotary 
tablet press. In a compactor described by Zschoche 
(183), the smooth rolls are in a vertical position while 
the powdered material is fed horizontally by screws. 
The author found improvements in flowthrough rate 
using compaction with horizontal flow as compared to  
the common vertical flow compactors. 


Selmeczi et al. (184) studied the pressure dependence 
of several physical properties of tablets prepared with 
similar compositions but using different granulation 
techniques. Wet granulated tablets were most resistant 
to fracture and attrition and possessed longer disinte- 
gration times than direct compression formulations or 
those prepared by dry granulation using slugging. The 
slugged composition produced tablets with the worst 
mechanical properties. 


Following up earlier reports on the advantages of the 
vacuum tumbler dryer, Goodhart et a]. (185) obtained 
operating data during granulation using a 1 cu. ft. model 
containing an intensifier bar for the dispersion of liquids. 
In addition to the evaluation of mixing and drying rates, 
a series of formulations was prepared and compressed 
on an instrumented rotary tablet press. Various prop- 
erties of the tablets were determined. On the basis of 
the results obtained with this well-organized process 
study, the authors concluded that the vacuum tumbler 
is a satisfactory technique for processing some tablet 
formulations. The efficiency of granule formation when 
utilizing the fluidized-bed system is dependent upon the 
formulation introduced into the apparatus and the 
operational variables associated with the process. In- 
vestigating the latter variables, Davies and Gloor (186) 
concluded that enhancement of the penetrability of the 
solids by increasing the rate of addition of the granulat- 
ing solution brings about an increase in average granule 
size, a decrease in bulk density, and a less friable and 
more free-flowing granulation. Increased efficiency of 
the binder solution is also obtained by decreasing either 
the binary nozzle air pressure or the inlet air temperature 
during the granulation cycle. The fluid-bed spray granu- 
lator used had a maximum capacity of 25 kg., but the 
results described were based on 10-kg. batches. Whether 
similar results could be obtained with the larger 60- 
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120-kg. units operating closer to maximum capacity 
remains to  be determined. 


From measurements of the pressure on the wall of a 
rotary granulator, Toyoshima el nl. (187) studied the 
effect of the amount of binder on the wet granulation 
process. The results were correlated with the strength 
and other properties of the granules formed. The pro- 
cess of extrusion granulation of a simple binary system 
of calcium carbonate and water was investigated by 
Mitsui (188) in terms of the effect of water content and 
molding pressure on the degree of consolidation and the 
breaking strength. With both parameters, a critical 
point, C1, was observed at the conversion of pendular 
moisture to the funicular condition; a second point, 
C2, was observed during the funicular stage, above 
which further increase in liquid content decreased the 
breaking strength. The existence of these critical points 
was confirmed by an air permeability technique. With 
various granulating solutions, the same type of effect 
was observed (189); the amounts of liquid to  give the 
critical points C1 and Ca were 30 and 7 0 z ,  respectively. 
An increase in the liquid viscosity or surface tension 
increased the breaking strength of these mixed systems. 
Since this increase in strength was found to  decrease the 
rate of extrusion of material during granulation, the 
addition of a surfactant during extrusion granulation 
was considered advantageous. 


Solid, spherical, free-flowing granules with low fri- 
ability can be prepared by spheronization of extruded 
pellets of wet granulated material. Suitable process 
equipment was described (190, 191), consisting basically 
of a horizontal spinning plate at the base of a stationary 
cylinder. The importance of controlling the degree of 
wetting and the solvent content was stressed, and ex- 
ample formulations were quoted (190). Other critical 
factors include the temperature, plasticity, and adhesive 
properties of the wet mass (191). Several alternative 
versions of equipment based on this design were de- 
scribed by F u j i  er al. (192). 


In a controlled study of the granulation process using 
a horizontal rotating drum, Butensky and Hyman (193) 
utilized various sizes of glass spheres ; they were selected 
because, being insoluble, they did not influence the 
granulation mechanism. An interesting technique was 
used involving gelation of the granulating liquid after 
a predetermined time so that the “drying” stage did not 
alter the size distribution resulting from the nucleation 
and growth stages of granulation. A very rapid nuclea- 
tion stage was observed, and the granule-size distribu- 
tion depended only on the initial particle size and on the 
amount of granulating liquid, not on the process time, 
drum speed, nor drum loading. A proposed model, which 
fitted the experimental data well, relates the mean gran- 
ule size to the amount of granulating liquid under condi- 
tions at which the amount of  liquid is not sufficient to 
produce granule growth after the initial nucleation. 


A technique described as “microgranulation,” which 
renders a powder suitable for tableting with only minor 
changes in particle size was discussed by de Jong (194). 
It is thought that in the presence of the relatively small 
quantity of granulating liquid used, the particles become 
coated by a thin film of binder which reduces inter- 
particulate attraction and yields a free-flowing powder 


which can be compressed to form a coherent tablet. 
This procedure has been used to  make hydrophobic 
substances hydrophilic and thus dispersible in water. 


Using four different binders, Cox and Mulders 
(195) compared the dissolution rate of phenacetin from 
tablets and granules prepared by conventional wet 
granulation, pan granulation, and the microgranulation 
technique which involves no wet screening. The small- 
scale sieving techniques employed were reported to  
produce a similar result to  large-scale processing, al- 
though no evidence was given. With milled drug in the 
conventional granulation, lower dissolution rates were 
observed than for unmilled drug; in the microgranulate, 
the use of milled drug produced the more usual increase 
in dissolution rate. Microgranulates of milled drug pro- 
duced the highest in vitro dissolution, and an important 
factor appeared to  be the fine granule size. The results 
underline the importance of standardizing particle 
size and granulation method if the release rate of a drug 
from granulations or tablets is to  be reproducible. It is 
apparent that special care is necessary when formulat- 
ing finely powdered drugs, if the advantage of the small 
particle size is to  be retained. Changes in experimental 
conditions between the initial study, to  select a suitable 
granulating agent, and the main investigation produced 
conflicting results for dissolution behavior, but these 
differences were not explained by the authors. 


The effect of granulating agents on the physical 
stability of hydrochlorothiazide tablets was investigated 
by Alam and Parrott (196), using changes in hardness, 
disintegration, and dissolution as parameters. Acacia, 
starch, and polyvinylpyrrolidone in solution were the 
wet granulating agents used, with compression on a 
single-punch press without pressure control. Tablets 
were stored at 50 and 80” for 14 days, at  37” for 4 weeks, 
and at room temperature for 12 months. Only with 
acacia were the changes in hardness, disintegration time, 
and dissolution rate considered to be significant. The 
effect of humidity on these physical properties was not 
investigated, nor is it at all certain that the changes 
noted with acacia would be biologically significant. 


A series of papers dealt fundamentally with the effects 
of granulation and compression on the relation between 
pore structure of tablets and penetration by liquids. 
In the first paper, by Ganderton (68), a decrease in 
granule size was shown to reduce air permeability of 
tablets, but all tablets prepared from granules were more 
permeable to air than those containing ungranulated 
powder. Results of water penetration studies showed 
completely the reverse effect, which was explained by 
an opening of the tablet structure due to  weakening 
of the interparticulate bonds by the penetrating liquid. 
The presence of small intragranule pores and relatively 
large intergranule pores creates a wide and often dis- 
continuous pore-size distribution (197). In general, a 
coarse intergranule pore structure permits a more rapid 
penetration of liquid than a tablet with the same poros- 
ity but a more even pore structure. A rapid penetration 
isolates other pore areas, however, by preventing the 
escape of entrapped air. The more even pore structure 
with weaker granules, and with stronger granules at 
high pressures, therefore results in more complete 
liquid saturation. 
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A subsequent paper (198) showed that granulation 
of a powder extends the pore-size distribution of result- 
ing tablets. A bimodal pore-size distribution may occur 
with large, robust granules compressed at low pressures. 
Smaller, friable granules produce a more uniform tablet 
structure, and at high pressures the tablet structure re- 
sembles that obtained from the ungranulated powder. 


A comparison of wet and dry granulation methods 
for lactose tablets (199) showed that the conditions used 
for dry granulation had little effect on the pore struc- 
ture of final tablets because, in most cases, extensive 
fragmentation of dry granulated material occurred 
during tableting. Granules formed by wet granulation 
were apparently more robust, and the influence of 
granulation conditions was evident even at high tablet- 
ing pressures. Studies with more complex systems re- 
sembling pharmaceutical tablets (200) demonstrated 
that the aqueous penetration of tablets that disintegrate 
is not only controlled by the pore structure. The pres- 
ence of starch did not significantly affect the pore struc- 
ture or air permeability of the dry tablet, but as the 
tablet disintegrated, viscous resistance to penetration 
by liquid was removed. The porosity of a granule mass 
during processing determines the optimum amount of 
granulating liquid required (201). Direct comparison 
of an aqueous, pan-granulation procedure and con- 
ventional granulation by massing and screening is not 
possible, because complex interacting factors such as 
the moisture content, the contact time, and the forces 
involved are different in the two processes. Capillary 
forces and gentle repacking during pan-granulation 
produces dense granules of lactose, whereas with a Z -  
blade mixer, the pronounced shear decreases the density 
of closely packed aggregates and additional shear during 
screening causes further reduction in density. Tumbling 
in a pan is inadequate to compact a fine cohesive powder 
such as calcium phosphate, but massing and screening 
provide the necessary forces for consolidation. 


By measuring the permeability of lactose tablets at  
different porosities and air flow rates, Rispin et al. (202) 
showed that tablet permeability measurements may 
involve large errors because the contribution of slip 
flow is of the same order or greater than that of viscous 
flow. 


After a brief review of the properties of agglomerates 
and methods for their preparation, Rumpf and Herr- 
mann (203) developed theoretical estimates of maximum 
transmissible tensile stress for an agglomerate as de- 
rived from three models. Mathematical derivations for 
two of the models were explained, and comparisons 
were made with experimental results. The relationships 
between primary particle size of agglomerates, type of 
bonding, and maximum transmissible tensile stress 
were presented graphically. Rumpf (204) also showed 
that his previous theoretical studies on the tensile 
strength of agglomerates formed from unisized spheres 
can be extended to the situation involving nonspherical 
particles. 


Linkson (205) described a device which could be used 
in pharmaceutical development studies or for in-process 
control measurement of the crushing strength of gran- 
ules. Crushing strengths of less than 200 g. could be 
accurately determined, together with the axial defor- 
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Figure 1-Typical recorder tracing of an apirin granule, indicating 
the magnitude of the breaking point and its breaking pattern 
(206). 


mation of the granule during the test. Gold et al. (206) 
also reported the development of instrumentation suit- 
able for the measurement of granule strength. Their 
device consists of a mechanical linkage to apply the load 
at a uniform rate, a strain-gauge instrumented canti- 
lever beam for conversion of the compressive load to a 
proportional electrical response, and a recorder to 
measure this response. An overhead cam depresses a 
plunger which compresses the granule placed upon the 
platform of the cantilever beam. From the recorder 
tracing of the granule reaction, the stress pattern is 
analyzed and the crushing strength calculated. The effect 
of granule strength on compressibility can be seen in 
comparing the results obtained for aspirin with those 
seen with sugar-starch pellets. As shown in Fig. I ,  the 
fractured aspirin granule remains intact between the 
plunger and the anvil and continues to transmit the 
compressive load, with only a slight shift i n  the linearity 
of the curve. On the other hand, fracture of the sugar- 
starch pellets is characterized by a sharp break with a 
large recovery (Fig. 2) .  The fractured pellet cannot re- 
tain its spherical form and collapses into fine particles, 
thereby abruptly relieving the compressive load. 


Bogs and Lenhardt (207) used aspirin mixed with 
starch, lactose, and gelatin solution as a model system 
to study the effect of the wet granulation and drying 
processes on hydrolytic degradalion of an active sub- 
stance. No attempt was made to  correlate the experi- 
mental results with a derived theoretical relationship. 


Drying-Drying of solids is a unit operation which 
has received little theoretical or practical coverage even 
in pharmaceutical technology, despite its importance in 
processes such as the manufacture of tablet granula- 
tions. 


Although their book was predominantly directed to- 
ward chemical engineers, Nonhebel and Moss (208) 
discussed comprehensively many practical aspects of 
drying, including scale-up questions, which are of inter- 
est to  pharmaceutical development scientists. 
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Figure 2-Typical recorder tracing of  n mgar-starch pellet, indicating 
the magnitude of the breaking point cind its brenking pattern 
(206). 
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Migration of solutes during the drying of granules 
affects their physical properties such as friability, modu- 
lus of elasticity, and Brine11 hardness (209). By con- 
trolled attrition to  remove successive layers of spherical 
magnesium carbonate granules, the distribution of 
polyvinylpyrrolidone was determined at  various stages 
of drying. A quantitative assay method for polyvinyl- 
pyrrolidone involving IR spectroscopy was developed 
for this study (210). 


An important specialized drying operation is spray 
drying. The technique can be used for coating drug 
particles with protective materials to improve their 
stability or to  modify the physical properties of active 
substances and excipients to improve their processing 
behavior. Takenaka et al. (211) spray dried slurries 
of aluminum silicate or magnesium carbonate with 
various types of binder to  produce fine-particle ag- 
glomerates in the size range of 10 -80 pm. Scanning elec- 
tron microscopy was used to  examine the surface of the 
aggregates, and it  was found that flow properties were 
mostly influenced by the size and surface area of the 
particles. Although the authors reported that the spray- 
dried materials could be easily tableted, the physical 
specifications quoted for such tablets were inadequate 
to confirm this claim. Fell and Newton (212) described 
an experimental spray drier which they used in con- 
trolled experiments to  study the effect of variables such 
as inlet air temperature, air flow rate, and liquid feed 
rate. Lactose was spray dried from an aqueous solution 
containing an equilibrium ratio of a- and 0-forms. 
Liquid feed rate was found (213) to be the only factor 
that affected the physical properties such as size distri- 
bution, particle density, and specific surface area of the 
spray-dried lactose obtained. 


Compressing-The entire technology of tablet form- 
ulation and production is ultimately limited by the 
compression machinery available. It is, therefore, sur- 
prising that the general principle of operation of tablet 
machinery has remained basically unchanged for dec- 
ades. Several improvements in the design of rotary 
tablet presses have been reported, but none of these 
represents a radically new concept for the operating 
principle of compressing equipment. A review by 
Swartz (214) discussed the specifications of the newer 
high speed rotary presses available in the United States. 
Problems resulting from the reduced dwell time of the 
granulation in the dies were discussed, as well as efforts 
to reduce or eliminate them such as forced feeding and 
precompression. 


Maekawa et al. (215) described a modified rotary 
machine in which the compression rollers are mounted 
obliquely, and not perpendicular, to the die table. It was 
claimed that this arrangement reduces the rate of com- 
paction, increases the dwell time, and minimizes wear 
of the punches and compression rollers. By using an 
improved method for securing the dies (216), adjacent 
die holes can be placed closer together in  the die table. 
A new system for supplying powder to the dies of a 
rotary press (217) allows the feed material to  move con- 
tinuously with the die table and, therefore, ensures that 
a large proportion of the material is available for filling 
the dies even when the die table is rotating at a high 
speed. A similar principle uses a hopper mounted in 


such a way that the entire annulus between the upper 
punch turret and the die table is filled with the feed 
material (218). Problems of lubrication of the upper 
punch guides and contamination of the feed material 
might be expected with this system. A modification 
designed to reduce such contamination of tablets by 
machine lubricants involves the use of a felt sealing-ring 
attached to  the underside of the upper punch turret and 
surrounding the shank of each punch (219). The ejec- 
tion system of a rotary press was modified to reduce 
wear on the stationary ejection cam by incorporating 
an auxiliary roll which loosens the tablet in the die 
(220). A device was also developed to detect immediately 
any punches that are binding i n  the die (221). Prior to  
this, Goodhart et al. (222) reported a method for mea- 
surement of forces during the transfer of lower punches 
across the lower pulldown cam. Frictional resistance 
associated with movement of the lower punch tip 
through the die, and of the punch shank i n  its guide, 
was recorded using strain gauges mounted on a bolt 
securing the cam. In  factorially designed experiments 
with a series of formulations, the force measurements 
were related to  the lubrication levels of the formulation 
and machines, the cleanliness of the machine, and the 
length of running time. 


An interesting technique was used (223) to compress 
formulations with a strong tendency to adhere to  the 
punches and dies. At one compression station of a two- 
station machine, a pharmaceutical lubricant composi- 
tion was compressed at high pressure to clean and lubri- 
cate the press tooling. The problematic tablet composi- 
tion was compressed at  the second station. Automatic 
control of a rotary machine to  ensure weight uniformity 
of tablets was claimed (224). The principle involves 
servo-adjustment of the die fil l  volume depending on 
the measured compaction pressure and is, therefore, 
the same as that reported previously by Wray (225). 
A similar system which rejects tablets outside specified 
limits (226) was used by Ridgway et a/. (227) to com- 
pare direct compression tablet diluents. 


One of the most surprising deficiencies in  tablet 
technology was the lack of concern relating to  inade- 
quate Specifications for the purchase and control of 
tableting tools. Although the advantages of standardi- 
zation to the manufacturer of tools was pointed out in 1960 
by Gaskell(227a) and in  1962 by Swartz et al. (2276), it 
was not until 1966 that a committee on specifications was 
established by the Industrial Pharmaceutical Technology 
Section of the Academy of Pharmaceutical Sciences. 
The report of this committee was published by Swartz 
(228) in the form of a set of dimensional specifications 
and tolerances for round punches and dies, including 
a proposed incoming punch and die quality control 
program. The work of this committee will no doubt 
be reflected in the economies of tablet production and, 
what is even more important, i n  the quality of com- 
pressed tablets. 


Substances that are difficult to compress can often 
only be tableted i f  the dose is small and by careful selec- 
tion of excipients. Kruse et al. (229) considered the rea- 
sons why such formulations may compress better on 
eccentric machines despite the apparently inferior com- 
paction cycle and pressure distribution compared with 
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a rotary press. It was concluded that even with new pre- 
cision rotary machines, the variation between physical 
properties of successive tablets is greater than with an 
eccentric press due to  intrinsic factors such as tooling 
differences and variation in the position and shape of 
the compression rolls. The paper reports an apparently 
successful attempt to  resolve this problem using a modi- 
fied overload mechanism which causes pressure equali- 
zation and facilitates the compaction of poorly com- 
pressible products on a rotary press. 


A device, designed to simulate the compression event 
in  a rotary tableting machine, was described (230); in 
principle, it could be used in conjunction with a hydrau- 
lic press, an eccentric tablet machine, or other single- 
acting compressing equipment. The system, which in- 
volves simultaneous movement of the upper punch and 
the die, was used with a mechanical testing instrument 
to compare the mechanism of consolidation of four 
crystalline materials. Another investigatory technique, 
developed in  a continuing program on instrumentation 
of rotary machines at The School of Pharmacy, Uni- 
versity of London, involves monitoring the radial stress 
in a Perspex die using photoelastic techniques com- 
bined with high speed cine-photography in polarized 
light (23 I ) .  Hammond and Schwartz (232) demonstrated 
that rotation of the die substantially decreases the fric- 
tion during compaction and ejection of aluminum 
powder compacts. For example, during compaction in  
a lubricated stationary die, 20% of the applied stress 
was consumed by die wall friction, compared to 2% if 
the die was rotated. Excellent correlation was shown 
between theoretical and measured values for stress 
distribution during compaction. Some tableting ma- 
chines can be fitted with an attachment which rotates 
the punches during compaction (233); but i f  a system 
for rotating the die could be devised, the compaction 
of certain pharmaceutical formulations which are dif- 
ficult to compress might be facilitated. 


As pointed out by Rahm (234), strain measurement 
techniques are now widely used to instrument tableting 
machines in  pharmaceutical research, development, 
and production operations. An enthusiastic evaluation 
of the contributions made, and to  be made, by instru- 
mented rotary tablet machines to tableting technology 
was presented by Wray (235), with reference to  his ex- 
perience in applying the techniques to troubleshooting 
and to the assessment of “manufacturability” of formu- 
lations on the basis of data concerning compression 
force, tablet weight, and ejection force. Despite the 
problems associated with relating the results of pre- 
liminary trials with an eccentric single-punch machine 
to the subsequent compression behavior on a rotary- 
press, there continues to  be much interest in instru- 
mented single-punch machines for use in compaction 
studies (236-238). In some cases, piezo-electric force 
measurement devices were used (239,240). 


Jungersen and Jensen (241) instrumented an eccen- 
tric machine to measure die wall forces with simul- 
taneous recording of force and dynamic displacement 
measurements for the upper punch. Dynamic calibra- 
tion techniques might be preferable to the static loading 
methods commonly used to calibrate force measuring 
instruments. Force-displacement curves were obtained 


by de Blaey and Polderman (242), using inductive dis- 
placement transducers mounted directly on the punches 
in a manner that eliminates the Effect of any play in 
the lower punch. T o  discriminate between plastic and 
elastic deformation, the tablet press was modified to  
allow a second compression, during which the filling 
and ejection mechanisms were not operating. Quantita- 
tive interpretation of the force- displacement curve 
enabled the net work required for consolidation to  be 
calculated by subtracting the work required for the 
repeat compression from that required for the first 
compression. The method of utilizing quantitative 
forcedisplacement data was further improved by in- 
terfacing the instrumentation with a digital computer 
(243). Registration and quantitative evaluation of the 
results are simpler and more precise than with the 
photographic techniques used by other investigators. 


Selecting phenacetin as a classic example, de Blaey 
et  a!. (244) considered the phenomenon of capping in 
tablets. Quantitative force-displacement measurements 
indicated that above a relatively low pressure the work 
done is largely absorbed by elastic deformation so that 
no further increase in  tablet strength can be expected. 
The strength in different regions of a tablet varied, ap- 
parently due to  differences in the extent of elastic re- 
covery. In  another paper, de Blaey r t  al. (245) described 
the use of force-displacement studies combined with 
tablet strength measurements in  the formulation de- 
velopment of a new chemical compound which had 
also shown capping tendencies in preliminary trials. 
Compression problems were encountered with the 
polyvinylpyrrolidone granulations stored at 75 rela- 
tive humidity due to the marked hygroscopicity of 
polyvinylpyrrolidonc above 68 % relative humidity. 
A comparison (246) of gclatin and polyethylene glycol 
as binders in  tablets showed that elastic recovery was 
highest in  tablets containing gelatin. I n  all cases the 
elastic recovery increased with compaction pressure. 


Also using an instrumented single-punch machine, 
Juslin and Jaervinen (247) eyaluated the total energy 
requirements for tablct compaction as the sum of the 
compression work done by the upper punch and the 
ejection work done by the lower punch minus the effect 
of tablet expansion determined from the upper punch 
force-displacement curve during withdrawal of the 
upper punch from the die. With the sodium chloride 
tablets studied, axial recovery was apparently complete 
even before ejection from the die. The total volume 
expansion of the tablet due to axial and radial recovery 
was about 10%. Bockstiegel (248) considered the work 
involved in isostatic compression of‘ metal powders as 
the pore volume approaches zero. Although isostatic 
conditions are not directly related to  the compaction 
of tablets, it is valuable to  follow the theoretical ap- 
proach adopted and to note Bockstiegel’s conclusion 
that mathematical concepts derived from graphical 
extrapolation of experimental compaction data can 
lead to dubious conclusions if unsupported by a reason- 
able physical theory. Fuhrer et al. (249) discussed the 
information concerning elastic recovery, adhesive 
forces, and friction conditions at the die wall, which 
can be obtained by measuring the residual force on the 
lower punch prior to ejection of a tablet from an eccen- 
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tric compressing machine as well as the ejection force. 
Measurement problems associated with the rapid 
ejection event were discussed, and the dependence on 
machine speed was emphasized. 


For a limited range of dimensions applicable to many 
pharmaceutical tablets, a common linear relation was 
reported (250) between the compaction pressure and 
the force lost to the die wall per unit area of apparent 
die wall contact. Ejection forces were correlated using 
a similar relation. 


Temperature rise on compression was monitored by 
mounting thermocouples either on the upper punch and 
the die wall (251) or on the lower punch (252) or by 
inserting thermocouples into the powder bed (253). 
Although they concluded that the method is not very 
sensitive, Juslin and Krogerus (254) used temperature 
measurements to show that the lubricant effectiveness 
of fatty acids is greater than that of alcohols or hydro- 
carbons. Travers and Merriman (253) demonstrated 
that relaxation of compacts was associated with a fall in  
temperature. Recompression and relaxation of the same 
compact repeatedly produced a consistent temperature 
rise and fall due to elastic deformation and recovery. 
Sticking problems due to eutectic formation with 
certain powder mixes were observed by Bogs and 
Lenhardt (252) as a result of alternate heating and 
cooling of a tablet press during consecutive compression 
cycles. 


A device for measuring the binding tendency of a 
tablet surface to  the punch face was used (255) in a 
somewhat uncontrolled experiment to evaluate the 
ability of several excipients to form tablets without 
capping or sticking under various compression condi- 
tions. 


As pointed out by Ridgway (233) in  a survey of tablet 
compression as a unit operation, nobody really knows 
why particles stick together when compressed; and al- 
though several explanations are available, they 
provide no predictive capability. Certainly this de- 
ficiency has been responsible, at least in  part, for the 
appreciable number of recent compaction studies, 
many of which attempted to  clarify the mechanisms 
involved in the deformation and consolidation of dif- 
ferent particulate materials under load. Djiane el al. 
(256) summarized the results of 34 earlier studies con- 
cerned with the compaction properties of crystalline 
substances. The theoretical and experimental work of 
Karlsson and Spring (257) and Arthur and Dunstan 
(258) may provide fundamental information which 
could be used to determine the initial packing arrange- 
ment of powders in the die cavity. Vijayan and Ven- 
kateswarlu (259) demonstrated the advantage of com- 
pacting mixed particle sizes which form close packings 
and therefore ensure optimum force utilization, lower 
porosity, and higher compact strength. The correlation 
for predicting pressure-porosity data of a material 
with mixed particle sizes from a compaction test con- 
ducted with single particles might be useful in  opti- 
mizing direct compression tablet formulations. Prob- 
lems of powder segregation that might be encountered 
during die filling with mixed powder fractions were 
studied by Lawrence and Beddow (260) using two- 
component mixes of lead particles. Reducing the size of 


the fine material increased the segregation tendency up 
to a point. Beyond this, the flow of fines down through 
the powder mass was restricted and segregation was 
reduced. Increasing the rate of die filling was shown to 
decrease the opportunity for segregation. 


A compression modulus of the form log pressure/ 
density is often used to  quantify the compaction pro- 
cess; but according to Rees (261), caution is necessary 
to avoid misleading interpretation of the results. 
Hersey and Rees (262) reported that the equation pro- 
posed by Heckel (263, 264) can be used to distinguish 
between materials that consolidate with, and without, 
fragmentation. The deformation of granules during 
compression was also considered by Egorova and 
Loksin (265) and Egorova (266). Surface area measure- 
ments of magnesium carbonate compacts and size 
analysis of a suspension of the disintegrated compacts 
were used by Armstrong and Haines-Nutt (267) to  
demonstrate fragmentation and aggregation at various 
stages of compaction. Similar studies were reported with 
aspirin (268, 269). It may be possible to select optimum 
conditions of compaction which would produce suffi- 
cient fragmentation to provide an optimum surface 
area for dissolution and yet cause adequate agglomera- 
tion to produce a coherent compact (269). Ridgway 
and Aulton (270) used IR transmittance measurements 
of potassium bromide disks in an interesting attempt to 
follow changes in  the area of interparticulate contact 
during compaction. 


As a consequence of their differing direct compression 
characteristics, crystalline and spray-dried lactose were 
selected for study by several investigators. In analyzing 
the results of such studies, Fell and Newton (271) 
stressed that the ability of a powder mass to  reduce in 
volume when compressed does not ensure the formation 
of a tablet since adequate cohesion in  the required geo- 
metric form after removal of the applied load is also 
necessary. There is a linear relation between the work 
done and the tensile strength of a tablet for both forms 
of lactose and all the particle-size fractions examined. 
Since powder consolidation is, nevertheless, a necessary 
prerequisite to  the formation of a compact, Fell and 
Newton (272) also analyzed consolidation results for 
crystalline and spray-dried lactose according to several 
equations which previously were applied to  compaction 
data. They concluded that particle rearrangement is 
more important in  the consolidation of small lactose 
particles than of large ones. The 75-104-pm. size frac- 
tion was most resistant to  deformation, and the values 
of yield pressure differed appreciably from those re- 
ported previously (273). Alpar et al. (274) found that 
with small particle-size fractions, spray-dried material 
produced less die wall friction. Larger size fractions of 
the spray-dried lactose studied were predominantly 
crystalline and, thereforc, possessed similar properties 
to crystalline lactose. There was a tendency for tablet 
strength to increase with a reduction in  particle size. 


From density measurements at  different tableting 
pressures, Huettenrauch and Jacob (275) concluded 
that microcrystalline cellulose behaves more like a 
granular material than a powder. They considered that 
the variation in mechanical strength of tablets with 
compaction pressure is larger than with most materials 
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and attributed this to plastic deformation during con- 
solidation. 


Kahela and Krogerus (276) used benzoic acid and 
several derivatives as model active components to assess 
the influence of chemical structure on tablet properties. 
Using mechanical strength and imprecise values for 
disintegration time and porosity as control parameters, 
they concluded that the location of hydroxyl groups has 
a marked effect on compaction behavior. Although the 
paper represents an interesting approach, the conclu- 
sions appear to  be unrealistic in view of an apparently 
inadequate recognition and control of factors such as 
moisture content and lubricant effect of the active sub- 
stances which would markedly influence the measured 
parameters. Similar criticisms apply to subsequent 
studies (277, 278) in which the same authors related 
molecular configuration to the rate of release of benzoic 
acid derivatives from tablets prepared by direct com- 
pression with polyvinylpyrrolidone. 


In a review of the physical and chemical effects of 
moisture during tablet manufacture (279), the flow of 
material into the die and the subsequent compaction 
operation were considered to be the process stages most 
susceptible to the influence of moisture. Herrmann (280) 
showed that compacts of barium sulfate are strongest 
when pressed under high vacuum. Water vapor reduced 
the shear strength by decreasing the inter particulate 
adhesion, and liquid bridges produced no increase in 
strength. At high humidity, an improved consolidation 
increased the strength of compacts. 


The role of moisture during compaction was also 
investigated by Rees and Shotton (73), using a particu- 
late system of crystalline sodium chloride and three 
liquids: water, decahydronaphthalene, and light liquid 
paraffin. During consecutive compressions the force 
lost to the die wall increased due to cumulative con- 
tamination of the die. Such losses were much less with 
water than with the other liquids, and this was attributed 
to boundary lubricant properties of water. All three 
liquids exhibited interrrelated but opposing effects in- 
cluding die wall lubrication, interparticulate lubrica- 
tion, hydrodynamic resistance to consolidation, and 
.expression of interstitial liquid to the die wall. For this 
reason the authors could not find evidence of an opti- 
mum lubricant level, but concentrations exceeding 0.5 
caused hydrodynamic resistance to consolidation of the 
compacts. 


Using a hydraulic press to study the compaction prop- 
erties of three granulated materials, Armstrong and 
Griffiths (28 1) confirmed earlier evidence (282) that 
water acts as a lubricant and, therefore, facilitates con- 
solidation; but they claimed that the effect is most 
significant with materials of low water solubility. Al- 
though moisture slightly increased .the strength of the 
phenacetin and acetaminophen (paracetamol) compacts, 
the opposite effect occurred with dextrose (283). Among 
other factors, adhesion forces between individual par- 
ticles determine the strength of agglomerates, and ad- 
sorbed layers may cause an increase or a decrease in the 
strength. Despite the unknown quantities involved, 
Herrmann and Polke (284) obtained extremely good cor- 
relation using a model to relate values of tensile strength, 
estimated from adhesion measurements, and experi- 


mental values of tensile strength for barium sulfate 
compacts which increased with moisture content. 


Despite an intensive effort during the past 20 years 
to reduce the empirical approach to the compression of 
tablets, few measurements of the mechanical properties 
of the particulate solid materials themselves have been 
reported. Ridgway et al. (285) experienced difficulty in 
measuring the elastic moduli of single crystals of several 
pharmaceutical materials, using a microtensile testing 
instrument, owing to the presence of crystal inhomo- 
geneities which cause specimen slip. They found, how- 
ever, that the compressive elastic modulus and surface 
microhardness of the materials were in the same rank 
order, suggesting that the surface hardness reflects the 
mechanical properties of the bulk crystal. Subsequent 
work (286) showed that the lower the surface hardness 
of a material, the larger is the radial force transmitted 
to the die during compaction. The authors proposed 
that surface hardness may be a useful parameter to pre- 
dict the compression properties of a material since good 
transmission of force to  the die wall may be a significant 
factor in obtaining good tablets (287). A theoretical 
basis for using uniaxial compression tests with cylindri- 
cal specimens to determine Poisson’s ratio without the 
need to determine other basic mechanical properties 
was discussed by Hammerle and McClure (288). 


The advantages and techniques of preparing tablets 
by direct compression were reviewed by Livingstone 
(289). He considered that more use should be made of 
appropriate crystallization conditions to render non- 
compressible materials compressible. Certainly, this 
materials science approach to formulation require- 
ments, which depends on cooperation between chemical 
and pharmaceutical development scientists, is not 
yet generally adopted in the pharmaceutical industry. 
Although no experimental justification was presented, 
Livingstone (289) reported that standard concave or 
flat bevel-edged punches are more suitable for direct 
compression tablet compositions because with deep 
concave punches the pressure distribution is nonuni- 
form. In another review (290), the importance of estab- 
lishing specifications for the physical properties of 
materials used in  direct compression formulations was 
stressed. 


Commenting on the effectiveness of cellulose powder 
as a dry binder, Nuernberg and Krebs (291) referred 
to  the importance of avoiding powder mixes with a low 
bulk density for direct compression. Unfortunately, the 
experimental results reported for a range of tablet for- 
mulations provide insufficient information to assess their 
suitability from the important standpoint of weight and 
content uniformity. One major advantage of direct 
compression quoted by Kanig (292) was the elimination 
of several process stages at which inadequate control of 
process conditions may introduce variable bioavail- 
ability. Kanig considered, surprisingly, that overhead 
feeding of tablet presses from bulk storage hoppers is 
an overzealous objective which should be avoided with 
direct compression formulations, owing to the tendency 
for segregation to occur. However, Kanig’s proposal 
that plant operators should ‘‘stir” the powder mix when 
transferring material between containers may well pro- 
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vide ideal conditions for demixing in certain powder 
systems. 


Coating-Despite the predominant interest recently 
in polymer film systems for coating of tablets, several 
studies of the sugar-coating process have been reported, 
most of which concerned attempts to  devise a satis- 
factory automated manu fa cturing procedure. Hammer 
(293) discussed various possible systems for the automa- 
tion and regulation of processes such as sugar coating. 
Details were given of equipment and coating suspen- 
sions that were found suitable for use in conjunction 
with a selected automated sugar-coating program. 


A method was described by Lantz et al. (294) for 
measuring temperature changes that occur during the 
application of volatile solutions to pellets i n  a rotating 
pan. By recording temperature changes during coating 
as detected by a thermocouple and thermistors in the 
pellet bed, it was possible to  follow trends during the 
process. Duplication of thermal patterns was observed 
at equivalent periods during coating runs on two differ- 
ent days and variation in the rate of application of coat- 
ing solutions and in pellet (drying times produced differ- 
ences in thermal patterns. The authors suggested that 
measurement of changes in temperature of a solid par- 
ticle bed in a rotating pan should be useful in  automat- 
ing the coating process and in evaluating the design of 
coating pans, baffles, and auxiliary equipment. Using 
this type of approach to monitor the temperature of a 
bed of tablets in a coating pan, Courtin and Briner 
(295) were able to control and minimize the drying time 
necessary between consecutive syrup applications dur- 
ing sugar coating of tablets. Final drying of the finished 
coated tablets was also eliminated. 


Heyd and Kanig (296) stated that it has not been 
clearly established that the drying rate is constant for 
each cycle of a coating process. They pointed out that 
drying rates differ for each type of coating solution and 
reflect variations in tablet shape, tablet size, and batch 
size. Since automatic, timed, tablet-coating procedures 
fail to take into account either inherent or environ- 
mental conditions that are capable of varying the dry- 
ing time, the authors reported on an in-process control 
system, using a moisture analyzer based on the high 
frequency conductance principle, which continuously 
monitors the degree of dryness as a means for control- 
ling the automated process. Auxiliary switches in the 
moisture analyzer circuit activate the blower-heater and 
the exhaust system at the appropriate coating cycle 
intervals. The analyzer proved to be extremely sensitive 
to  the presence of moisture and to  moisture loss 
from the tablet mass. The sensitivity of the drying cycles 
to  changes in environmental humidity was also shown. 
The influence of nonaqueous or mixed solvent systems 
was not investigated, nor did the authors report any 
data on tablet quality. 


Discussing the advantages of not having to  rely on 
the presence of tablet-coating experts in order to  ensure 
continuous production schedules, Rose (297) com- 
mented that, for automated coating processes to be 
successful, the total experience of the coating expert 
must be translated into appropriate programs which 
control the coating cycles and ensure accurate duplica- 
tion. He also stressed the deficiencies of timer-controlled 


process cycles and the need for sensitive control with 
automatic compensation for the continually changing 
condition of the tablet. For example, in addition to  
monitoring the moisture content of the drying air to  
control spray cycles, the quantity of coating material 
applied should be progressively increased to  match the 
gradually increasing surface area of the tablet. It was 
claimed that with the coating system and self-cleaning 
spray nozzle described, suspensions containing up to 
85 % solids can be sprayed into the pan and final polish- 
ing can be carried out in the same pan, resulting in a 
considerable time saving. 


The problem of adhesion between shellac-based 
printing inks and a wax-polishing film on a tablet sur- 
face was considered (298). Methods were proposed for 
coating tablets with a thin unpolished wax film which 
can be imprinted with legible indicia which are not 
easily obliterated. After printing, a final protective coat- 
ing may be applied to the tablets. 


Hess and Janssen (299) reviewed the advantages and 
requirements for film coating of tablets. The processing 
technology was discussed with particular reference to 
the use of pigments for coloring the films. In addition 
to the usual technological advantages claimed for tab- 
lets that are film coated as opposed to  sugar coated, 
Muzaffar (300) discussed several economic advantages 
such as the reduced volume occupied by the coating. 
This effect increases the batch size of cores which can 
be processed in a coating vessel, reduces packaging and 
transport costs, and improves patient acceptability of 
the smaller dosage form produced. Muzaffar made the 
totally unacceptable statement that a further advantage 
of film-coated tablets is that rejected batches can be 
easily reprocessed following comminution since the 
small quantity of coating will not cause recompression 
problems. 


A technique involving spraying a film onto a rotating 
drum was used by Bayer (301) to  produce free films 
under controlled conditions. For the small coating 
trials involved in this study, an air-spray system was 
found to  be preferable. Scanning electron photomicro- 
graphs, water vapor transmission, and mechanical 
measurements such as deformation behavior, tensile 
strength, and surface roughness were used to  show the 
influence of plasticizers, pigments, and process condi- 
tions on the film structure and properties. As a means 
of measuring the adhesive bond between film-forming 
polymers and solid substrates, Wood and Harder (302) 
and Harder et  al. (303) used contact angle data and 
critical surface tension values in studies of the adhesion 
of film coatings to  the surfaces of compressed tablets. 
By filing the edges of the film-coated tablet, the layer of 
film on the tablet face was detached from the film on the 
side of the tablet, and the force required to  peel the coat- 
ing from the surface was measured. Experiments with 
aspirin tablets of varying composition demonstrated a 
linear relationship between the cosine of the contact 
angle of an applied liquid on the tablet surface and the 
surface tension of the test liquid. The critical surface 
tension value obtained could be used to characterize the 
tablet surface, since it was indicative of the cohesion 
energy density, but further investigation of the role of 
polar and dispersion forces as they influence wetting, 
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contact angle data, adsorption, and adhesion was con- 
sidered necessary. The use of appropriate adjuvants in 
the tablet composition, resulting in an increase in the 
cohesion energy density of the tablet surface, would in- 
crease the adhesion of a film coating. The ,authors be- 
lieved that knowledge of the types of forces acting be- 
tween the tablet surface and a film coating should ad- 
vance the comprehension of processes involved in the 
formation of satisfactory film coatings. 


More recent studies (304) indicated that in almost all 
cases the total surface free energies determined from 
contact angle data for different tablets do not coincide 
with experimental critical surface tension values. Since 
the surface free energy is a measure of the operative 
cohesional forces in the tablet surface that interact with 
the liquids, the authors concluded that this parameter 
should be of greater value than critical surface tension 
values in explaining and predicting the adhesion of film 
coatings to tablet surfaces. Experimental results have 
not yet been obtained to  confirm this theory. 


A miniaturized, laboratory, air-suspension coating 
apparatus was described (305) based on the Wurster 
principle, but utilizing a 34-cm. high conical-shaped 
chamber of 20” angle. This design reduces the linear 
velocity as air passes up the chamber so that sedimen- 
tation of heavy particles is prevented while ensuring 
that fine particles are not eliminated with the exit air. 
Some advantages of the air-suspension technique com- 
pared with conventional pan coating were summarized. 
A commercially available system for film-coating tablets 
in a fluidized bed was discussed by Feigenbaum and 
Lefort des Ylouses (306). It is debatable whether such 
an apparatus is so rapid and efficient that it can replace 
a battery of coating pans as suggested by the authors. 


Film coating in a pan can also be an extremely rapid 
process, especially in the perforated type of pan. A 
slightly modified coating pan design was claimed (307) 
based on the perforated cylindrical drum concept. Dry- 
ing air is introduced over a part of the drum circum- 
ference in the reverse direction to  that previously em- 
ployed. This could conceivably disrupt a spray pattern 
of coating fluid introduced into the pan. 


A method for film-coating tablets under vacuum was 
patented (308) to remove adsorbed surface contami- 
nants with the objective of improving adhesion of coat- 
ings and eliminating defects such as pinholes which, for 
example, reduce the efficiency of enteric coatings. 
Studies by Zatz and Knowles (309) showed that at pH 
values of 2-4, cellulose acetate phthalate monolayers are 
uncharged and are arranged in a compact, coherent 
form. Partial ionization and marked changes in mono- 
layer organization follow an increase in pH. Charge 
repulsion and increased solvation of charged groups 
expand and decrease the stability of cellulose acetate 
phthalate monolayers, with the greatest effect at pH 6 .  
The authors suggested that cellulose acetate phthalate 
is unionized in the highly acid environment of the stom- 
ach and is probably quite coherent. In the duodenum at 
approximately pH 6, ionization of phthalate groups 
occurs followed by expansion and penetration of water 
and ions. Even with partial dissolution of the coating, 
sufficient penetration of water molecules through the 
coating may bring about disintegration or leaching. 


The dispersion of a powder in a liquid, such as during 
the preparation of coating suspensions, involves wet- 
ting and size reduction of aggregates followed by sta- 
bilization of the dispersion. Since it is difficult to assess 
the relative importance of these stages by studying the 
total dispersion process, Heertjes and Witvoet (3 10) 
considered the three mechanisms of adhesion, immer- 
sion, and spreading which are involved in the initial 
wetting of a solid by a liquid. They discussed the in-  
fluence of geometry of the system and the effect of 
entrapped air, with reference to the capillary structure 
of an aggregate. Such information about the wetting 
process could also be relevant to the dissolution of drugs 
from dosage forms. 


Surveying the technique of coating by compression, 
Puffer and Willox (31 1) surprisingly concluded that 
most of the serious technical problems now appear to  
have been solved. 


BIOPHARMACEUTICS 


General Aspects-The publishing explosion in the 
area of biopharmaceutics continues unabated. Almost 
30% of the 500 papers surveyed in this review, which 
is primarily concerned with the tablet dosage form, fall 
into the biopharmaceutics classification-papers in- 
volving research in pharmacokinetics, GI absorption, 
biological availability, formulation factors, therapeutic 
equivalence, dissolution rate testing, and timed-release 
preparations. As might be expected in any “fashionable” 
field of research activity, the quality ranges from the 
inconsequential to the excellent. The importance of 
in uitro-in uiuo correlations continues to be empha- 
sized, but progress remains slow due to  the need for 
fundamental advances in the knowledge of GI absorp- 
tion, the quantitative measurement of drugs i n  body 
fluids and tissues, and the biochemical pathways of 
metabolism and degradation. 


Barr (312) classified and compared the usefulness of 
different in uiuo and in uitro methods and principles 
which can be used to  assess the effects of formulation 
variables on systemic availability; the onset, duration, 
and intensity of pharmacological effects ; and therapeu- 
tic efficacy of drug products. He stressed that clinical 
observations, although the most relevant method of 
assessment, are generally the most imprecise and least 
sensitive and, therefore, are of little value. Nevertheless, 
biological effects may at  times provide a more suitable 
approach to  assess formulation variables, for example, 
when biological response is not directly related to blood 
levels or in the absence of precise analytical methods. 
Although compounds with limited aqueous solubility 
are most likely to  exhibit dissolution rate-limited ab- 
sorption, Barr tabulated evidence to  show that it is a 
gross oversimplification to  consider that only these com- 
pounds are susceptible to formulation factors. The 
dangers of relying on a modified dosage regimen to  
compensate for incomplete absorption were stressed. 


.In an assessment of the generic equivalence and in- 
equivalence of oral dosage forms, Wagner (31 3) sum- 
marized the controlled bioavailability studies carried 
out prior to  January 1971 in which two or more com- 
mercial drug products containing the same drug in the 
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same type of dosage form were compared in man. Only 
12 drugs were studied intensively in this way; for 10 of 
these, the products of different manufacturers appeared 
to be nonequivalent. In light of these statistics, 
Wagner wondered how anyone can assume that no  
problems exist with other drugs; he stressed the 
futility of trying to determine equivalence from an “arm- 
chair’’ in the absence of in vitro-in vivo correlations. 


Freestone (314) emphatically drew attention to the 
many different substances that may be included in the 
formulation of a coated tablet and the possibility of 
interactions between excipients and drugs enhancing or 
impairing absorption. Prescott and Nimmo (315) ex- 
pressed the opinion that the amazing selection of ex- 
cipients present in “modern” tablets may contribute to 
clinically significant generic inequivalence in the form 
of unsuspected toxicity. A comprehensive review by 
Miinzel (316) on the influence of formulation on drug 
action is important for its consideration of dosage form 
design. Emphasis was placed not only upon the com- 
plete release of the active ingredient but also upon the 
rate of release. Munzel appears to be critical of the 
level of progress in biopharmaceutics represented by 
the USP XVIII dissolution rate test. 


Some biopharmaceutical aspects to be considered in 
the development and testing of tablets were also dis- 
cussed by Speiser (317), Doelker and Buri (318), 
and Ritschel(3 19). The latter drew attention to the need 
for including drug release rate and bioavailability studies 
in the stability testing program. However, his proposal 
that the preliminary stages in the biopharmaceutical 
assessment of a tablet should include in vitro and in vivo 
studies with gelatin capsules containing the active sub- 
stance with and without excipients would appear to be 
an unnecessary complication. It is now well known that 
the formulation of hard gelatin capsules themselves can 
be a relatively complex procedure in view of the poten- 
tial effect of the gelatin shell on drug release. Results 
with gelatin capsules may, therefore, have little signif- 
icance to the formulation requirements for a tablet. A 
general review on drug absorption by Rasmussen (320) 
included some information on controlled absorption 
from tablets. 


The utilization of the rat in bioavailability testing of 
tablets was reported by Simon and Rasero (321) who 
prepared 0.32-cm. tablets using a standard concave 
punch. With a device similar to an intubation cannula, 
two technicians had no difficulties in administering such 
tablets to rats weighing 200 g. or more. The data ob- 
tained on unchanged drug excreted in urine were satis- 
factory for demonstrating absorption, a situation not 
possible with dogs in view of their inability to excrete 
sufficient quantities of drug in their urine. In reviewing 
pharmacological and biochemical aspects of the GI 
tract, Waser (322) posed the question whether pino- 
cytosis could be the primary mechanism of absorption. 
He reported that without this mechanism, substances 
such as vitamin D and tetracycline could not be ab- 
sorbed. 


Reviewing the impact of biopharmaceutical studies 
on pharmacopeial standards for solid dosage forms, 
Mirimanoff (323) referred to the reticence still displayed 
by most pharmacopeias in considering this aspect of 


pharmaceutical science. Claiming that, for obvious rea- 
sons, results of in vivo studies in man could not be re- 
quired as a pharmacopeial standard, the author con- 
cluded that requirements such as crystal structure of 
active substances, physical properties of materials in the 
solid state, and in vitro dissolution and diffusion through 
synthetic membranes from solid dosage forms should be 
envisaged. Since bioavailability tests are not always 
representative and sometimes worthless, while human 
studies are usually expensive and difficult to organize, 
in vitro methods have to be introduced into pharma- 
copeias if a quantitative correlation between in vitro 
and in vivo availability for a particular drug can be 
established. He also referred to the need for in vitro test 
methods for tablets that are intended for administration 
by routes other than the GI tract and that, therefore, 
come into contact with relatively small volumes of body 
fluids. The possibility that compositions and manu- 
facturing details for tablets and other formulations may 
again be included in future pharmacopeias in conjunc- 
tion with standards related to in vivo effect as a means 
of assuring clinical equivalence was suggested by Macek 
(324). 


The final paper in a series by Reetz and Speiser (325) 
concerning the dependence of biological activity on the 
particle size of a poorly soluble, high dose, oral anti- 
diabetic compound dealt with a comparison between 
powder and tablet administration. Milling to produce a 
relatively coarse powder had little influence on the 
therapeutic effect, but micronization resulted in a pro- 
nounced increase in activity, thus reducing the neces- 
sary dose. Fine-, medium-, and coarse-particle ma- 
terials were formulated into tablets prepared by 
direct compression at a uniform pressure. Changes in 
surface area during compaction tended to  eliminate the 
relation between activity and original particle size of the 
powder. Although there was no discussion of the signif- 
icance of the particle-size changes in tablets, there was 
apparently a tendency for fine material to agglomerate 
and for the coarse material to fragment on compression. 


In experiments on volunteers, Prescott et al. (326) 
administered oral suspensions and tablets containing 
phenacetin. Absorption was assessed by estimating the 
plasma concentrations of phenacetin and its major me- 
tabolites at intervals and by measurement of the urinary 
excretion of free and conjugated acetaminophen (N-  
acetyl-p-aminophenol). The results with the oral sus- 
pensions demonstrated a definite relationship between 
particle size and absorption. Since the particle size of the 
drug in the tablets was unknown, no correlations were 
possible. The general subject of the significance of par- 
ticle size to drug absorption was covered by Marshall 
(327) in a review paper. Attempts by Flanagan et al. 
(328) to elucidate the cause of large variations in blood 
levels of a potential analgesic administered as com- 
pressed and film-coated tablets were reported. Although 
the film-coated tablets exhibited longer dissolution 
times and a greater dependency on stirring rate than the 
uncoated tablets, in vivo behavior was found to be in- 
dependent of dissolution rate. The partition rate be- 
tween aqueous and organic solvents and in vitro studies 
with goldfish were used in conjunction with absorption 
studies in the dog and with human buccal absorption 
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to show that pH at the absorption site was a critical 
factor. 


In a review of the importance of pharmaceutical 
formulation on drug absorption from tablets, Sjogren 
(329) presented results for a highly soluble substance, 
alprenolol hydrochloride, which apparently shows sig- 
nificant differences in availability due to formulation 
factors. Beckett et al. (330) found the physiological 
availability of pentazocine administered as tablets to be 
less than when administered by the intravenous or intra- 
muscular route, as an oral solution, and, in some sub- 
jects, by the rectal route. If two equal oral doses were 
administered as tablets 2 hr. apart, the percent of dose 
recovered in the urine was higher than with a single 
oral tablet dose, possibly indicating a slow release of 
drug from the tablet. In an attempt to establish a cor- 
relation between plasma level and interdose variation 
between tablets of aspirin, Oie et al. (331) found that 
although doses of 512.5-600 mg. gave higher plasma 
levels than doses of 500 mg., this effect was not signifi- 
cant compared with the variation between experiments 
with the same subject. This may not be the case, how- 
ever, with other drugs. 


An assessment of the physiological availability of 
phenylbutazone tablets by van Petten et al. (332) showed 
that all of the brands examined produced therapeuti- 
cally effective blood levels. Although with some formula- 
tions the time required to achieve these blood levels 
was relatively long, it was concluded that this should 
not be a disadvantage with such a chronically adminis- 
tered drug with a long elimination half-life. The authors 
stressed that the use of peak blood concentrations to 
compare absorption from different formulations must 
be limited to drugs like phenylbutazone for which the 
elimination rate is much slower than the absorption 
rate. 


From studies using four methods for determining 
the in uitro dissolution rate of phenylbutazone tablets, 
Withey et af. (333) concluded that in uiuo availability 
studies are superior to in uitro studies because dissolu- 
tion of drugs from solid dosage forms in the GI  tract 
is a complex phenomenon and more fundamental work 
is necessary to establish a realistic dissolution test 
directly related to bioavailability. Reacting to opposite 
results reported by investigators concerning the effect of 
dietary components on G I  absorption in man, Jaffe 
et al. (334) studied the influence of various test meals 
with a high carbohydrate, protein, or lipid content on 
the absorption of acetaminophen tablets. Urinary 
excretion at 1.5-hr. intervals over 9 hr. was used as an 
indicator of the rate and extent of absorption. Only with 
the carbohydrate test meals was there an initial reduc- 
tion in the rate of urinary excretion of acetaminophen 
and its metabolites. However, at the end of 9 hr., there 
was little difference in the cumulative amounts of total 
acetaminophen and metabolites excreted in the urine. 


In extending their studies of solid dispersions of 
griseofulvin, Chiou and Riegelman (335) compared 
capsules and tablets of griseofulvin-polyethylene gly- 
col solid dispersions with a commercial tablet of mi- 
cronized griseofulvin. Only two subjects were used, 
with urinary excretion data serving as the basis for 
evaluation of availability. The griseofulvin-polyethyl- 


ene glycol 6000 (1:9 w/w) tablets were prepared 
by direct compression on a laboratory pellet press. 
Absorption from the dispersed griseofulvin was more 
than twice that of the commercial tablet, thereby 
leading the authors to suggest a 50% reduction of the 
dose with the administration of the dispersed form. 
The technological suitability of tableting such disper- 
sions on rotary tablet presses remains to be investigated 
in addition to broader based biopharmaceutical and 
tolerance studies in man. 


The particular clinical importance of maximum uni- 
formity of absorption for an anticoagulant such as 
warfarin prompted Wagner et al. (336) to compare 
plasma concentrations of this drug in two different 
crossover studies. Six subjects ingested one 25-mg. 
tablet or five 5-mg. tablets of sodium warfarin; then 
plasma concentrations were measured by two different 
methods. The rate of absorption from the five 5-mg. 
tablets was almost twice as fast as from the single 25- 
mg. tablets, and relative absorption was also greater. 
In the second study, 12 subjects ingested two 5-mg. 
tablets of sodium or potassium warfarin made by three 
different manufacturers. In uitro dissolution rates were 
determined on five individual tablets of each lot of 
tablets tested clinically. Availability was equal for all 
three products tested, and absorption was also complete 
for each treatment. Correlation between in uitro dis- 
solution rate and in uiuo results in man was excellent, 
but this was not the case with disintegration time data. 


In checking the method of buccal absorption for pre- 
dicting the relative absorption and excretion of drugs 
in biological systems, Taraska (337) used clindamycin, 
an antibiotic readily absorbed from the human GI 
tract. The results showed that this drug is poorly ab- 
sorbed from the buccal cavity, possibly as a conse- 
quence of surface area, transport mechanisms, and/or 
pH differences between oral mucosa and the GI tract. 
The low aqueous solubility and fairly high pKa value 
of salicylamide suggest that the absorption of this drug 
would be dissolution rate dependent. This assumption 
was tested by Bates et a/ .  (338) using a suspension as well 
as experimental and commercial tablets of salicylamide. 
The results showed that the initial in uitro dissolution 
rate in 0.1 N hydrochloric acid correlated with the 
initial absorption rate in man. 


In view of evidence that aspirin-induced GI  occult 
bleeding is a local effect at least partly dependent upon 
contact area and duration of contact, Leonards and 
Levy (339) reasoned that the addition of antacids to 
aspirin tablet formulations would decrease contact time 
without increasing the contact area. Average daily 
blood losses in two groups of subjects were determined 
before and after the administration of either regular 
aspirin tablets or antacid aspirin tablets. The average 
daily blood loss in the antacid aspirin group was signif- 
icantly less than in the regular aspirin group. Although 
a more elaborate in uiuo study would be required to 
decisively reinforce the conclusion, the authors suggested 
the feasibility of designing aspirin tablet preparations 
with rapid drug release characteristics and lower GI 
bleeding liability. 


To determine the extent of correlation between in uitro 
and in uiuo data, Taraska and Delor (340) used three 
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sulfaniethazine tablet formulations with different in 
uitro dissolution rates: fast (T~o% - 1.5 min.), me- 
dium (T50% - 15-20 min.), and slow (Ts0% - 40-50 
min.). In a single-dose, threeway, crossover study in 
nine adult subjects, blood and urine samples were col- 
lected at specified intervals and assayed for free and 
total sulfamethazine. The results showed that signifi- 
cantly less drug was absorbed from the slow than from 
the fast formulation. Although several iit uiuo param- 
eters paralleled the in uitro dissolution rate of sulfa- 
methazine from the three types of formulations, not all 
of the in viuo differences were as great as might be ex- 
pected from the in uitro data. The authors explained 
this situation on the basis of the properties of sulfa- 
methazine as a drug; it is well absorbed and has a rela- 
tively long biological half-life. 


In an experiment on man, Delacoux et al. (341) com- 
pared the absorption from compressed aspirin tablets, 
buffered effervescent aspirin tablets, and tablets of 
coated microparticles of aspirin. Plasma salicylate 
curves showed absorption profiles that varied in ac- 
cordance with the aqueous solubility of the products. 
Measurements of plasma aspirin concentration indi- 
cated that although solubility favored an increased ab- 
sorption rate, it did not accelerate the hydrolysis of 
aspirin in man. 


In a well-planned crossover study involving the 
administration of digoxin to  normal volunteers, highly 
significant differences in serum digoxin levels were re- 
ported by Lindenbaum et al. (342). Differences of four 
to  seven times in serum levels were reached after the 
administration of various preparations meeting chemical 
assay requirements. These variations were not only 
noted between lots of different manufacturers but also 
between different lots of the same manufacturer. The 
authors recommended the inclusion of digoxin tablets 
in the list of drugs in which proof of biological avail- 
ability is considered crucial. In recognition of the known 
problems of iron absorption, Blezek et al. (343) con- 
ducted dissolution rate studies on 12 commercially 
available ferrous sulfate tablets. Except for three prod- 
ucts, hydrochloric acid was critical to  the dissolution 
process. 


Timed Release-Although not the earliest effort to 
control a biological response by pharmaceutical means, 
the development of timed-release oral preparations 
provided a powerful impetus to the subsequent rapid 
evolution of biopharmaceutics as an area of research 
activity. It is evident from the period under review that 
interest in timed-release systems, technology, and testing 
has not diminished, but that a larger portion of the 
published work reveals a higher level of scientific so- 
phistication. 


Two review papers are indicative of this trend. A 
relatively brief review by Speiser (344) clearly demon- 
strated the essential relationship between the funda- 
mental technical requirements of timed-release prepara- 
tions and their biopharmaceutic aspects. The discussion 
of retard (timed-release) systems was rather brief, with 
emphasis upon work carried out in the author’s-labora- 
tory. An extensive review by Hanselmann and Voigt 
(345) of timed-release preparations, with 328 references, 


covered basic principles; biopharmaceutic and phar- 
macokinetic aspects; physiology of the GI tract; ab- 
sorption ; formulation factors ; retarding materials ; in 
uitro release methods and physiological availability; 
repeat-action and prolonged-action tablets; matrix sys- 
tems based on waxes, fatty acids, polymers, and hydro- 
philic gels; and in viuo test methods. 


In their first paper on a molecular scale drug entrap- 
ment system for use in controlled-release preparations, 
Goodman and Banker (346) described the basic entrap- 
ment method used and the evaluation procedure for in 
uitro and in viuo characterization of controlled release. 
As part of this study, tablets were prepared from acrylic 
copolymer-methapyrilene hydrochloride entrapment 
products compressed on a laboratory press. In vitro 
tests demonstrated uniform hourly rates of drug release 
ranging from 2.5 to  8 hr., depending upon drug con- 
centration and presence or absence of starch. Continu- 
ing these studies, Rhodes et al. (347) described a pro- 
cedure involving the addition of a drug and an appro- 
priate carboxylic acid in solution to a polymer emul- 
sion. After washing and drying, the resultant flocculate 
could be milled, encapsulated, suspended, or tableted 
to  provide controlled-release products. However, ex- 
perimental drug release data reported in this paper 
covered only powders and suspensions. In further ex- 
periments with their molecular scale, drug-entrapment 
system, Rhodes et al. (348) investigated phenylephrine 
and phenylpropanolamine preparations using a variety 
of carboxylic acid anions as binders to acrylic copoly- 
mer emulsions. In  uitro and in uiuo release studies in- 
volved only powders and capsule products. 


With the objective of obtaining a controlled, repro- 
ducible release rate of low molecular weight substances, 
Determann and Lotz (349) used copolymers of methyl 
methacrylate, glycol diacrylate, and acrylamide. After 
a “dry gel” consisting of crosslinked polymer was pre- 
pared, the system was charged with drug by immersion 
in a solution of the drug in organic solvent, followed by 
drying. The release of drug from such systems depends 
on the presence of molecular pores whose size depends 
on the swelling tendency in water. The authors criti- 
cized many previous methods of controlling drug re- 
lease using polymers, but the proposed system appears 
t o  require appreciable development before it could be 
used commercially for preparing timed-release dosage 
forms. 


Lehniann and Dreher (350) assessed the application 
of permeable acrylic resins14 for preparation of timed- 
release dosage forms. It was claimed that the materials 
are well defined and since small quantities are required 
to  achieve the desired effect, the release rate is more 
reproducible than with the use of insoluble, imperme- 
able excipients to  form a matrix in which the pore size 
depends to a large extent on the manufacturing process. 
Compression of uniformly coated granules to form dis- 
integrating tablets caused failure of the coating and 
consequent loss of the controlled-release properties. 
However, by using additional hydrophobic excipients, 
nondisintegrating tablets could be prepared even from 
incompletely coated granules. These tablets exhibited 


14 Eudragit. 
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controlled-release properties independent of compaction 
pressure. Impregnation of the surface of the tablets by 
application of a thin film of resin eliminated the initial 
release of drug and, therefore, ensured a constant re- 
lease rate. 


Speiser and Khanna (35 1) described a technique called 
bead polymerization which can be used to control the 
release rate of drugs. The active substance is incorpo- 
rated in a liquid monomer system which is subsequently 
polymerized in the form of beads. These beads can then 
be formulated in dosage forms. The authors claimed 
that the system can be prepared free of residual mono- 
mer, provided the polymerization is carried out for a 
sufficient length of time. The use of a water-insoluble 
cellulose derivative to prepare a timed-release tablet con- 
taining nitroglycerin and proxyphylline was described 
by Ritschel and Clotten (352). Several references were 
given to previous studies using the same principle. Al- 
though these studies indicated that the matrix was not 
influenced by pH or enzymes, in vivo studies showed 
that nitroglycerin absorption from tablets based on the 
matrix was pH dependent. T o  avoid toxic effects which 
might arise from rapid release in the event of unin- 
tentional mastication of the matrix tablets, the nitro- 
glycerin was distributed throughout the matrix itself 
rather than being incorporated into the pores of the 
insoluble skeleton. 


Injection molding or hot extrusion, a technique com- 
monly employed in various industries to prepare articles 
from thermoplastic materials, was studied as a process 
for preparing oral, timed-release dosage forms (353). 
The influence of pH, ionic strength, and buffer salt con- 
centration on dissolution rates of disks prepared by 
this technique was evaluated. By using in vitro tests, 
acid-soluble epoxy resins were shown to be potentially 
suitable for the release of an initial dose of drug in 
simulated gastric fluid. The use of P-methacrylic acid 
copolymer matrixes would then permit the incorpora- 
tion of a sustaining dose which would be released by the 
action of intestinal fluids. 


To check the concept of obtaining timed-release 
properties through the incorporation of a drug in an 
enzyme substrate matrix, Javaid et al. (354) prepared a 
sulfamethizole tablet employing a spray-congealed, 
lipase-lipid-drug system. By means of in vitro dissolu- 
tion profiles, the authors concluded that the release of 
drug was lipase controlled for the first 1.5 hr. and then 
was dependent upon lipid hydrolysis. Calcium car- 
bonate in  increasing concentrations progressively in- 
creased drug release from tablets containing lipase. The 
variability of enzyme activity in the G I  tract could con- 
ceivably make correlations with release rates, as deter- 
mined by in vitro methods, a difficult exercise. Poly- 
electrolyte salt complexes (polysalts) have received little 
attention in pharmaceutical research compared to  
coacervates. To remedy this situation, Jablon et al. (355) 
prepared an insoluble drug-polysalt complex of chlor- 
promazine hydrochloride, sodium carboxymethylceilu- 
lose, and protamine sulfate as a model for evaluating 
the in vitro and in vivo availability of the interacted drug. 
h virro release rates showed timed-release properties, 
whereas in vivo studies on rats demonstrated an in- 
creased bioavailability of the drug in the form of the 


polysalt complex. Unfortunately, it was not possible 
to  prepare tablets suitable for administration to rats. 


The possible advantages of using a spray-drying 
technique in the preparation of a drug matrix possessing 
timed-release properties when compressed into tablets 
were investigated by Kornblum (356). A slurry of 
butalbital (isobutylallylbarbituric acid), cellulose deriva- 
tives, and diluents was spray dried in a portable spray 
dryer; following the addition of magnesium stearate, 
tablets were compressed on a single-punch press. Cumu- 
lative data from five batches indicated good consistency 
of drug release. The author recognized the necessity of 
conducting in vivo tests before acceptance of the pro- 
posed process. Equally necessary will be a determina- 
tion of the operating characteristics of the process when 
scaled up to  effective production size. 


Controlled iri vitro release rates for sulfanilamide 
were achieved by Chalabala and Starha (357) when the 
drug was embedded in a matrix consisting of 15-25 of 
hydrophobic glycerin esters of higher fatty acids. For- 
mer studies were criticized for poor reproducibility due 
to  the use of ill-defined mixtures of esters. For this rea- 
son, the authors prepared defined materials from lauric, 
palmitic, and stearic acids purified by vacuum distilla- 
tion. By using instrumentation which had been pre- 
viously described by Chalabala et al. (358), the release 
rate was shown to be indirectly proportional to the 
chain length of the fatty acid carbon chain; the release 
rate decreased in the order: monoester > fatty acid > 
diester > triester. Glycerolpalmitostearate was used by 
Ritschel and Ritschel-Beurlin (359) as the retarding 
substance in a study of timed-release aspirin tablets 
based upon the fat-embedment principle. Variations in 
the parameters tested for in virro drug availability in-  
cluded drug-particle size, granule size, and percentage 
of glyceride ester in the composition. The relationship 
of enzyme effect on hydrolysis and availability was also 
discussed. 


The dissolution patterns of a number of spray-con- 
gealed sulfaethidole (sulfaethylthiadiazo1e)-wax prod- 
ucts compressed on a Carver laboratory press were re- 
ported by Hamid and Becker (360). Release rates were 
measured in acid pepsin and alkaline pancreatin media 
using the rotating-bottle method. The addition of in- 
creasing concentrations of a surfactant, sorbitan mono- 
oleate, resulted in a decrease in the amount of sulfa- 
ethidole released in acid pepsin medium, whereas in 
alkaline medium the opposite effect was obtained. Only 
initially did the drug release follow the Higuchi model 
for drug release from inert matrixes. Since the authors 
suggested that erosion, solubilization, and leaching of 
the drug represent the mechanism of release as based 
upon in vitro data, the necessity for in vivo correlations 
with the far more complex dynamic biological system is 
obvious. The possible use of alginates to prepare timed- 
release tablets by a simple, direct compression technique 
was studied by Klaudianos (361). The objective was to  
prepare tablets that GI  fluids would convert to a matrix. 
In vitro tests with several substances and the caffeine 
blood levels in human subjects indicated a potential for 
this system to obtain up to  8 hr. of drug release. 


In the development of a timed-release tablet formula- 
tion of potassium chloride based on a waxy matrix, 


Vol. 61, No. 10, October 1972 IJ 1535 







Gumma et al. (362) used scanning electron photomi- 
crography to examine the changes in tablet structure dur- 
ing in uitro dissolution of the active substance. Reference 
was also made to the importance of standardizing the 
compression pressure to control the porosity and rate of 
release from the tablet. A series of in vitro and in vivo 
trials on a timed-release principle based on an inert 
plastic matrix was reviewed by Sjogren (363). Dissolu- 
tion of the drug proceeds at a continuously decreasing 
rate, but mechanical techniques such as the use of press 
coating or multilayer compression represent means of 
modifying the release pattern. 


Recognizing that if absorption of a drug from a com- 
pressed tablet is incomplete, it would be unwise to ad- 
minister that drug in a timed-release formulation, 
Johansson et al. (364) evaluated the influence of dis- 
solution rate on the absorption and metabolism of al- 
prenolol when administered as rapidly disintegrating 
and timed-release tablets. A comparison of serum levels 
and urinary excretion indicated complete absorption 
from all of the tablets. Since the dissolution rate had no 
effect on the completeness of absorption, the authors 
concluded that absorption is not limited to a short re- 
gion of the GI  tract. The fraction of unmetabolized drug 
in the urine was slightly lower with the timed-release 
formulation. Although these results provide no evidence 
that alprenolol is unsuitable for administration in a 
timed-release form, the authors stressed that in the 
absence of a correlation between serum concentration 
and therapeutic effect, clinical trials of a timed-release 
tablet are necessary. In a continuing study, using 
heart rate and systolic blood pressure as clinical 
parameters in a double-blind crossover comparison of 
alprenolol administered as 100-mg. normal tablets four 
times a day or as 200-mg. timed-release tablets twice 
daily, Johnsson et al. (365) concluded that the thera- 
peutic effects were equal. The timed-release tablets did, 
however, yield more uniform drug serum levels. 


Polyethylene as a base for a matrix type of tinied- 
release tablet was claimed in a patent (366), and results 
were reported for tablets of rutin (367) and scopolamine 
bromide (368). Formulations of caramiphen hydro- 
chloride and of atropine sulfate with a carboxyvinyl 
polymer15 were shown by Baun and Walker (369) to  
possess relatively uniform in vitro release rates over 4 
hr. A dry granulation (slugging) technique was used to 
prepare the tablets. For both drugs, the release rate 
from the polymer matrix was agitation dependent and 
was more rapid in simulated gastric fluid than in simu- 
lated intestinal fluid. 


One early method for in vitro testing of release rates 
involved a continuous extraction of drug, with samples 
removed for assay at hourly intervals. Bolton (370) 
presented a method for combining samples in such a 
way as to make hourly assays unnecessary. Based upon 
the assumption that drug availability from an oral dos- 
age form can be controlled by regulating the surface 
area over which the dissolution occurs, Rippie and 
Johnson (37 1) investigated the timed-release character- 
istics of pellets with different surface geometry. Cyl- 
inders having circular, cross-shaped, and cloverleaf 


15 Carbomer, Carbopol 934. 
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cross sections were studied; the latter two types were 
also investigated with the outermost surfaces coated 
with lacquer to prevent dissolution from these regions. 
Although the results demonstrated the influence of 
available surface on the long-term dissolution rate from 
solid pellets, the rate of dissolution as a function of 
changing size and shape of the pellet itself and of the 
fluid dynamics of the adjacent solvent layer render this 
approach to timed release as too complex hydrodynami- 
cally and technically. 


A study by Graffner and Sjogren (372) was designed 
to determine the influence of the in vitro dissolution rate 
of potassium chloride on absorption, using urinary ex- 
cretion in healthy volunteers as the test method. Five 
timed-release preparations, two based on embedment 
in lipids and three based on the insoluble matrix princi- 
ple, were tested. Although the results showed wide vari- 
ation in dissolution rate, no significant differences be- 
tween preparations could be demonstrated. The nature 
of the absorption process for potassium is probably 
such that even tablets with slow-release tendencies in 
theintestine show a high level of availability. The ste- 
nosing ulcerations following the administration of some 
forms of potassium chloride were reported in several 
papers. Sundell (373) investigated the effect of potas- 
sium chloride tablets of three types following their 
direct introduction into the jejunum of dogs. Timed- 
release tablets of high and low doses of potassium 
chloride did not alter the normal peristaltic pattern 
of the small intestine; rapidly disintegrating tablets 
produced persistent circular contractions and spasms, 
followed by an impairment of the local blood supply. 
The rate of release of the drug rather than the dose 
appears to play the dominant role in tissue damage. 


An investigation by D'Arcy et al. (374), comparing 
prednisone tablets with prednisolone phosphate in a 
timed-release formulation based upon the plastic matrix 
principle, made use of plasma prednisolone and plasma 
cortisol levels as in viuo parameters in man. More uni- 
form prednisolone blood levels as well as an absence 
of high peaks of plasma prednisolone were obtained 
with the timed-release formulation. An interesting 
approach to the measurement of the release of the drug 
from the tablet involved the collection and analysis of 
the plastic matrixes recovered from the feces of the 
volunteers. 


Using an a priori assumption that a correlation exists 
between in vitro dissolution and in vivo availability, 
Cressman et al. (375) evaluated changes in dosage form 
release characteristics in vitro before in viuo determina- 
tion of total plasma radioactivity in man. Aminorex 
base, fumarate, and pamoate were used in solution, 
regular tablet, or timed-release tablet forms or, in the 
case of the pamoate and fumarate, in more than one 
dosage form. Aminorex-I4C was used as the radioactive 
label in a one-compartment pharmacokinetic model 
which assumes absorption of the intact drug without 
metabolism or degradation within the intestinal tract. 
On this basis, good correlation was obtained between 
in vitro dissolution and in vivo absorption rates. The 
mechanism accounting for the timed-release effect was 
considered to be due to the nondisintegrating prop- 
erties of the tablets-a conclusion not yet supported by 







in vivo observations. Correlation between prolonged 
levels of radioactivity and prolonged clinical response 
was reported, but confirming data were not presented 
in this paper. In seeking a model animal for use in the 
preliminary evaluation of nondisintegrating, timed- 
release tablets, Cressman and Sumner (376) found that 
such tablets prolonged the absorption period of ami- 
norex in both man and dog but that the rates of absorp- 
tion differed. The authors suggested that the purebred 
beagle dog represents a pharmacokinetically justifiable 
model when used to  determine whether a given dosage 
form has affected the rate of absorption, relative to  
some readily available dose, of the drug under study. 


Using a theoretical approach, Robinson and Eriksen 
(377) derived equations for the calculation of doses and 
dosing intervals for multiple-dose therapy of timed- 
release dosage forms. Both zero- and first-order release 
of drug from the dosage form were considered in the 
four-compartment model used. Although optimum 
blood level patterns will not be produced by the pro- 
posed calculations since the available kinetics are non- 
ideal, the authors stated that the “practical” approach 
produces the only satisfactory dosage form. 


A novel approach to  in vivo characterization of timed- 
release formulations was employed by Schlagel and 
Sanborn (378), who studied the extent and time course 
of activity of benzphetamine administered as a single 
75-mg. dose, the same dose given hourly in 15-mg. por- 
tions and placebo. The pharmacodynamic criteria in- 
cluded electroencephalograms, systolic blood pressure, 
oral temperature, respiratory rate, pupil diameter, 
finger-tapping rate, and a digit-letter coding task. The 
large, single dose of the drug induced a faster, less 
gradual, more pronounced response than that provided 
by the simulated timed-release regimen. The authors 
stated that these results suggest that the virtue of a well- 
formulated, timed-release preparation may lie in the 
blunter, smoother type of pharmacological response. 


Ebert et  a/. (379) measured plasma and urine con- 
centrations of equivalent pentylenetetrazol-10- 14C by 
liquid scintillation counting following the administra- 
tion of timed-release and nontimed-release tablets to  
human subjects. Figure 3 shows the typical rises and 
falls in p l a ~ m a - ’ ~ C  levels exhibited by subjects receiv- 
ing three doses of nontimed-release tablets; in subjects 
receiving the timed-release tablets, the plasma- I4C 
levels remained essentially smooth for 12 hr. The con- 
clusion reached was that the timed-release tablets of the 
insoluble matrix type produced absorption and excre- 
tion patterns similar to  those obtained with three doses 
of the drug administered at 4-hr. intervals. In both 
groups the total amount of drug administered was the 
same. 


In  view of the low blood concentration of penta- 
erythritol tetranitrate in man following the administra- 
tion of timed-release tablets, Banerjee e ta / .  (380) investi- 
gated the cat as a suitable experimental animal for iri 
vivo correlations of release rate. Dissolution rates of the 
tablets were obtained using a modification of the USP 
disintegration time apparatus and showed a gradual re- 
lease of the drug up to  a total of 90% in 12 hr. The per- 
centage fall of blood pressure from basal in cats after 
feeding timed-release pentaerythritol tablets was mea- 
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Figure 3-Average plusnia levels of equivaletit petitylenetetrazol fol- 
lowing oral adniitiistraiiorl of petityleneteira:ol-14C tablets. Key: 
Group A ,  one tinied-release tablet: Group B, one tiotiiimed-release 
tablet; and Group C, oiie notitimed-release tablet at 0, 4,  and 8 hr. 
(379). 


sured, and a coefficient of correlation with in vitro re- 
lease rate was obtained. Although the dose of drug and 
possibly other parameters such as size and the density 
ratio of adjuvants were not the same in the iii vitro and 
in vivo trials, the authors concluded that the in vitro test 
is satisfactory for use as a quality control procedure. 


For an orally administered timed-release tablet 
formulation of nitroglycerin, Ipsen (38 1) showed a 
mathematical correlation between the first-order re- 
lease rates, the blood nitrate levels, and the therapeutic 
effects described by skin temperature, systolic blood 
pressure, and plethysmographic measurements. The 
double first-order kinetic relations that fitted the blood 
level and pharmacological data consisted of an exponen- 
tial function, which correlated with the in vitro release, 
and a second exponential function, which accounted for 
drug elimination and biotransformation and which 
depended on the measurement involved. 


A clinical case has been reported by Spiegelman and 
McNabb (382) where 98 tablets of a timed-release iron 
preparation were recovered from the patient’s colon 
due to the presence of a tumor distal to the trapped 
tablets. The formulation of these tablets was based on an 
inert plastic matrix from which the drug was leached 
out by intestinal fluids. This observation may suggest 
that a disintegration test may be a necessary specifica- 
tion for tablets to be administered to  patients with con- 
ditions associated with GI strictures. 


Dissolution Rate-During the period under review, 
research activity in apparatus for dissolution rate test- 
ing, factors affecting dissolution rate, and interpreta- 
tion of results did not diminish. The relative simplicity 
of much of this work is one explanation for its p o p -  
larity, but probably the relationship of dissolution rate 
testing to  biopharmaceutics brings such projects into a 
rather fashionable sphere of pharmaceutical interest. 


A review by Hersey (383) of methods available for 
the determination of in vilro dissolution rates of tablets 
covered 13 methods classified according to  agitation 
and sink conditions. Some procedures measure only the 
intrinsic dissolution rate, whereas those that measure 
apparent dissolution rate can usually be modified to 
measure the intrinsic dissolution rate also. 


For standardization of unit tablets for drug avail- 
ability, intrinsic methods are impractical since disinte- 
gration must be allowed to  take place. Hersey appeared 
to  prefer the beaker method on the basis of its simplicity 
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Figure 4-Electrode rr.spotrse duritrg tublet dissolutioti (--). Key: 
A ,  spectrophotometric salicylute ussuy; rind 0, utotrlic absorptioti 
ussuy /or No+; 37 i 1 ’, pH 9.0 (390). 


and adaptability. A newer method for in vitro assess- 
ment of dissolution rate proposed by Langenbucher 
(384) uses a vertical exchange column containing a 
fixed bed of drug material traversed by a continuous 
flow of solvent. Only two, easily standardized apparatus 
parameters, liquid velocity and mass-specific cell area, 
are essential to the dissolution process. Reproducibility 
in the case of homogeneous granules was good, and the 
correct scale-up to  larger dosages or tablet numbers 
was easily achieved, as were change of solvent and auto- 
mation. Equations covering dissolution kinetics were 
derived, and confirmation of the theoretical cube root 
dissolution kinetics of uniform-size granules was demon- 
strated. 


Cotte (385) reviewed the numerous methods for in 
uitro measurement of dissolution rate from solid, tinied- 
release preparaticms including dialysis and filtration 
techniques. He concluded rather surprisingly that the 
method of Simoons (385a) is best since the apparatus pre- 
sumably simulates physiological conditions in the GI 
tract. Baun and Walker (386) described a modified 
Wiley flowthrough apparatus for dissolution rate 
studies. The results of dissolution tests on compressed 
tablets of tolbutamide and hydrochlorothiazide were 
compared with similar determinations in  the Levy 
beaker apparatus. 


After a thorough, critical review of dissolution rate 
testing methodology, particularly with solid dosage 
forms, Tingstad and Riegelman (387) proposed a con- 
tinuous flow apparatus, representing modifications of 
others based on the same principle. The authors strongly 
expressed the view that a new “standard” dissolution 
rate method is needed-a need fulfilled by the proposed 
apparatus. The advantages stated were : greater flexi- 
bility; provision of data in the differential form; use of 
a relatively low volume, homogeneous solkent system ; 
limited accumulation of solute in the system: and pro- 
vision of solvent flow in a controlled manner related to 
fundamental dissolution rate equations. The authors 
attempted to demonstrate the utility of a dissolution 
rate profile of a prednisone tablet to  a formulator. The 
roughness of the tablet curve demonstrates the uneven 
release of the drug from the granules as compared to the 
powder, thereby implying that a smoother curve can be 
secured by better formulation. How much therapeutic 
benefit would result from this exercise remains to  be 
demonstrated. 


Another apparatus that employs a rotating flask with 
a sampling port so positioned as to prevent the entrance 
of fluid into the port was described by Gibaldi and 


Weintraub (388). Using commercial tablets of aspirin 
(conventional, buffered, and timed release), the authors 
were able to obtain an absolute quantitative correlation 
between absorption and in vitro dissolution rate of the 
drug-a correlation not attainable with the beaker 
method. In constructing and testing a mechanized ap- 
paratus for the USP rotating-basket dissolution rate 
test capable of handling six dosage units simultaneously, 
Beyer and Smith (389) discovered variation in results 
attributable to vibration at 150 r.p.m. or less. They, 
therefore, proposed control of vibration within a speci- 
fied limit, as defined by an objective vibration test pro- 
cedure, or rotation of the basket at a sufficient speed to  
overcome vibratory effects. The commercial availability 
of ion-selective electrodes has made it possible to  mea- 
sure conveniently the concentrations of sodium, potas- 
sium, calcium, or other ions potentiometrically. Mason 
et al. (390) applied this approach to dissolution rate 
testing of sodium salicylate tablets. The reliability of 
the sodium-ion electrode was confirmed by atomic ab- 
sorption spectrophotometry. Figure 4 illustrates elec- 
trode response during tablet dissolution. The primary 
advantage of the method is the availability of direct 
readout of drug appearance. 


In dissolution rate-limited absorption of poorly sol- 
uble drugs considered as proportional to the surface 
area of the drug, the method used for surface area mea- 
surement should, according to Moller (39 l), be selected 
for its efficiency in determining the surface that is re- 
lated to  the dissolution process. This involves considera- 
tion of the penetration of a liquid into capillaries. For 
routine control of powders, the author proposed a gas 
permeability method for determination of specific sur- 
face area, estimation of the specific particle number with 
a hemocytometer, and a layer sedimentation technique 
to  limit the particles of powder to  diameters less than 
25 p .  Finding it impossible to obtain an accurate drug 
release profile from timed-release tablets of different 
companies using the standard disintegration apparatus, 
Schwarz (392) studied two in uitro dissolution methods 
which were also suitable for use with disintegrating 
dosage forms. With most formulations tested, the rotat- 
ing-bottle and flowthrough methods produced equally 
reproducible results. The rate of flow in the flowthrough 
cell was not a significant factor ; but with tablets that 
deformed or disintegrated during testing, the rate of 
flow influenced the rate of release and the reproduci- 
bility. 


Using the BP disintegration apparatus to  measure 
the dissolution rate of three brands of tolbutamide 
tablets, Khalil et al. (393) assessed the significance of the 
guided disk and the importance of tube speed. When 
drug release was rapid, the disk had no significant effect; 
but a twofold increase in dissolution was observed with 
a slowly dissolving tablet. A tube speed of 20 strokes/ 
mjn. without the disk proved to  be the most discrimi- 
nating operating condition. Lerk and Zuurman (394) 
showed that the pulsation caused by certain peristaltic 
pumps affected the dissolution rate of aspirin tablets in 
a flowthrough apparatus. 


An automated dialysis method was used by Hersey 
and Barzilay (395) to measure the dissolution profiles 
of sparingly soluble tablets of sulfathiazole. The authors 
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developed a theory which accounts for an increase in 
the functional surface area due to  penetration by 
the dissolution medium or due to disintegration ; this 
theory also allows for a decrease in the surface area with 
time. An alternative method of maintaining sink condi- 
tions was applied to  clomipramine tablets by Richter 
et al. (396), with continuous withdrawal of the solution 
surrounding the tablet at a constant rate via a flow- 
through spectrophotometer. A simpler yet versatile 
system which produces sink conditions by a similar 
principle was described by Marshall and Brook (397). 
Overcomplexity of design, which they considered intro- 
duces other variable factors such as membrane trans- 
port, was avoided; only those in uiuo parameters which, 
according to the authors, are “easily contrived and 
reproducible” were included. 


Using a 1-cm. sodium chloride cube to  represent a 
standard nondisintegrating substrate, Withey (398) 
compared the dissolution profiles in seven types of ap- 
paratus. By eliminating dissolution variables due to  the 
substrate itself, differences in agitation intensity in the 
different apparatus could be assessed. The very small 
vertical agitation component in the rotating-basket 
apparatus contributed to  the poor reproducibility. Al- 
though the more homogeneous agitation of the dis- 
solution medium provided by a tumbling cylinder would 
probably ensure more reproducible results with a dis- 
integrating tablet, the rapid dissolution process is diffi- 
cult to follow with precision. 


The need for a substantial level of dissolution rate 
testing as a means of controlling manufacturing pro- 
cesses and monitoring production conditions led Beyer 
and Smith (399) to construct and test a system capable 
of multiple testing. Based upon the current NF-USP 
apparatus, the system employs a seven-cell commercial 
spectrophotometer, a six-channel pump, three water 
baths, and flow cells. Extensive use of this apparatus 
in testing provided opportunities for observations of 
broad significance in dissolution rate testing. These in- 
cluded the influence of vibration on dissolution rate of 
tablets stirred at low rates and the effect of the passage 
of tablet particles through the 40-mesh screen on dis- 
solution profiles. The experimental data confirmed the 
results and conclusions reached by Lin et 01. (400). A 
continuous titration technique was developed by Shah 
(401) for the automated dissolution rate evaluation of 
both acidic and basic drugs from compressed and 
enteric-coated tablet formulations. In using the reported 
titration method, it is necessary to  avoid the in- 
clusion of excipients that interfere with the titration 
assay. 


The variety of factors that can influence the dissolu- 
tion rate in uitro is considerable, and a large part of the 
literature is concerned with identifying and evaluating 
the extent to which these factors are involved. By micro- 
scopic examination of disintegrated tablets, Johnsgard 
and Wahlgren (402) found that the greater the ratio of 
excipients to  drug, the less was the tendency for aggre- 
gates of the active substance to form. h uitro studies 
with tablets prepared by wet granulation showed that 
such aggregation caused a marked decrease in the rate 
of dissolution of slightly soluble drugs but not with 
highly soluble substances. In continuing their studies 


of the dissolution of poorly soluble drugs, Kornbluni 
and Hirschorn (403) evaluated excipient dilution and 
compression force effects on dissolution rate. The data 
obtained demonstrated the importance of the excipient- 
drug ratio to  optimum dissolution rate. Changes in 
compressive force were more significant with smaller 
tablets, indicating a less pronounced effect as the dilu- 
tion factor is increased. In expanding this investigation, 
these authors (404) used a quinazoline compound and 
found that the dissolution rate increased as the excipient 
to  drug ratio rose from 3 : 1 to 7 : 1 to  11 : 1. The data 
supported the conclusion that a larger tablet than is 
necessary for technical reasons could lead to  an opti- 
mum dissolution rate. 


In determining the effect of different dissolution 
media on the dissolution rate of hydrochlorothiazide 
tablets, Alam and Parrott (405) meitsured the disintegra- 
tion time and dissolution rate of formulations granu- 
lated with acacia, polyvinylpyrrolidone, or starch in 
distilled water, 0.1 N hydrochloric acid, simulated 
intestinal fluid, and borate buffer at pH 10. Only with 
the latter was there an increase in the rate of dissolution. 
N o  significant alteration in dissolution rate was noted 
when 0.03 polysorbate 80 was added to the dissolution 
media, nor could any correlation bc established between 
disintegration times and dissolution rates. Surprised by 
the failure of previous investigators to use human gastric 
juice as the solvent in which the dissolution process 
takes place in uiuo, Solvang and Finholt (406) used this 
fluid in studying the effect of granulation and compres- 
sion on the dissolution rate of phenobarbital, phenace- 
tin, and prednisone. In addition, the effects of particle 
size and of certain other formulation factors were in- 
vestigated. Differences in dissolution rate were ex- 
plained on the basis of surface tension of the dissolution 
medium, pH effects, complexation, and, in  the case of 
sodium phenobarbital, the failure of the tablet to dis- 
integrate in the acidic medium. 


The effect of various surfactants iipon the dissolution 
rate of three steroids of differing aqueous solubility 
compressed as tablets with magnesium stearate as a 
lubricant was investigated by Fuchs et al. (407). At the 
concentrations of surfactant and lubricant used (0.2 z), 
no appreciable effect on either the surface tension of the 
solutions or the solubility of the steroids was observed. 
However, there was some increase in the dissolution 
rate from the tablets in  the presence of surfactant. The 
influence of surfactants, physiological surfactants, and 
certain components of gastric juice on the dissolution 
rate of drug powder and the effect of premicellar con- 
centrations of surfactant on the dissolution rate of 
aspirin from a buffered tablet and hard gelatin capsule 
were investigated by Weintraub and Gibaldi (408). 
Polyoxyethylene lauryl ether and lysolecithin enhanced 
the dissolution rate of aspirin from the tablet but not 
from the capsule. A report by Solvang and Finholt 
(409) described the effects of polysorbate 80 upon the 
dissolution rate of tablets of aspirin, phenacetin, and 
phenobarbital. Only when the particle size of aspirin 
was smaller than 300 p did the surfxtant cause an in- 
crease in dissolution rate. With phenacetin, polysorbate 
80 did increase the dissolution rate from granules and 
tablets, particularly with compositions that were hydro- 
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phobic. Significant increases in the dissolution rate of 
phenacetin or phenobarbital tablets occurred when 
sodium carboxymethylcellulose solution was used as 
the granulating fluid, but this did not take place when 
polyethylene glycol 6000 was used. 


Although dissolution measurements are now used 
routinely in  the developmental design of tablet dosage 
forms, this parameter cannot be considered as the sole 
criterion for assessing the effect of additives on drug 
performance. An example of the erroneous conclusions 
that can be drawn was reported by Florence (410) in 
studies of the dissolution and activity of chlorproma- 
zine hydrochloride tablets in the presence of poly- 
sorbate 80. Despite an increased dissolution rate of 
drug, the activity measured by the death rate of goldfish 
was decreased, possibly due to  an interaction of the drug 
with higher concentrations of surfactant. Krowczynski 
et al. (41 1) reported some evidence that tablets prepared 
with low viscosity binders may tend to  release a soluble 
active ingredient more rapidly than those prepared with 
higher viscosity binders. No explanation was given as 
to why gelatin was an exception. 


In an attempt to determine the mechanism that ex- 
plains the alteration of dissolution rates by coprecipita- 
tion of drugs with polymers, Simonelli et al. (412) 
selected the sulfathiazole-polyvinylpyrrolidone system. 
Coprecipitates were prepared from aqueous and alco- 
holic solutions and compressed into tablets on a Carver 
press. Dissolution studies were run in an apparatus 
which supported the tablet within the die but with only 
one surface of constant surface area exposed, Experi- 
ments included : the effect of polyvinylpyrrolidone 
molecular weight on sulfathiazole release rate; the 
effect of polyvinylpyrrolidone weight fraction on sulfa- 
thiazole release rate ; mechanical mix, X-ray diffraction, 
and solubility studies ; comparison of the simultaneous 
sulfathiazole-polyvinylpyrrolidone release rates ; sulfa- 
thiazole release into polyvinylpyrrolidone solutions ; 
sulfathiazole release uia the polyvinylpyrrolidone carrier 
effect ; and theoretical calculations of sulfathiazole re- 
lease rate. On the basis of these studies, a physical model 
was derived which satisfactorily explained the observed 
release rates of all sulfathiazole to polyvinylpyrrolidone 
weight ratio systems. The results of this investigation 
showed that the rate of solution of sulfathiazole was 
greatly increased by the use of coprecipitation techniques 
with polyvinylpyrrolidone. 


During an investigation of the influence of pepsin 
in the dissolution medium on the dissolution rate of a 
tablet containing triamterene and hydrochlorothiazide, 
Yen (413) noted that only the dissolution rate of the 
latter drug was adversely affected. An incidental and 
unexplained finding was the significantly lower dis- 
solution rates for both drugs in one of two sets of 
supposedlyidentjcal sets of apparatus. 


A review by Wagner (414) summarized in outline 
form the factors influencing the in uitvo dissolution rate 
of drugs from capsules and tablets, with a discussion of 
the interdependency of some of these factors. Although 
there are conditions of an in uifro dissolution rate test 
that will give results correlating with in uiuo results for a 
variety of tablets containing the same drug, such condi- 
tions cannot be applied to other drugs. Equations for 


interpreting in vitro dissolution rate data based upon 
the surface area concept, first- and second-order kinet- 
ics, and exponential release were presented. The rela- 
tionship between the dissolution rate of drug substances 
and tablets made from them was analyzed in a review 
paper by Fuchs and Raptis (415). The mathematical 
treatment of mechanisms involved in dissolution cov- 
ered such parameters as temperature, rate of rotation, 
surface area, surface tension, and viscosity. Types of 
dissolution rate apparatus and proposed mathematical 
models were also discussed. 


Hom and Miskel (416) recommended soft gelatin 
capsules as a preferred dosage form for low dose medi- 
cation of relatively insoluble drugs and for drugs where 
high blood levels are desirable as rapidly as possible 
after administration. The data on which this recom- 
mendation was based represent dissolution rate com- 
parisons of 10 different drugs in soft gelatin capsules or 
commercial tablet forms. The inclusion of solvents or 
surfactants in the liquid system used in the soft gelatin 
capsule dosage form plays an important role in enhanc- 
ing the dissolution rate. The authors suggested the ad- 
visability of performing in vivo studies, but they did not 
report such data in this paper. It is quite possible that 
gelatin itself or the additives employed in the capsule 
form might inhibit absorption in the more complex 
living organism. The conversion of a commercial tablet 
dosage form to a capsule in order to conduct a double- 
blind clinical study is a questionable approach from a 
biopharmaceutic point of view. Shah and Moore (417) 
showed that such a procedure leads to an increase in 
dissolution rates of drugs after conversion to the capsule 
form. The authors suggested that the primary granules 
formed by the normal disintegration of a tablet in an 
aqueous medium differ in some physical manner from 
the granules obtained by grinding up a tablet. To pre- 
pare the capsules from the ground-up tablet, various 
diluents such as potato starch, urea, and glycine were 
added before filling into hard gelatin capsules. Such 
adjuvants had some influence in increasing the dissolu- 
tion rate. The authors did not investigate the possibility 
that interaction of some formulations with gelatin 
might decrease dissolution rate significantly. 


Microencapsulation of small ferrous sulfate granules 
with ethylcellulose by an undisclosed technique was 
used by Dahlstrom and Eriksson (418), with the ob- 
jective of protecting the gastric mucosa from direct 
contact with the drug cyrstals. Tablets prepared from 
the coated granules disintegrated rapidly in uiuo, and 
in uifro tests indicated a rapid dissolution of iron in 
gastric juice. However, no studies were conducted to 
confirm whether local irritation of the gastric mucosa 
was reduced and whether absorption of iron was facili- 
tated or inhibited. In a review of various factors that 
influence the dissolution rate of crystalline substances, 
Tawashi and Piccolo (419) suggested the possibility that 
crystal defects may affect the dissolution; they recom- 
mended investigation of this possibility in formulation 
design. 


Claiming that, in  many cases, relatively simple in 
vitro tests are largely sufficient to  predict the GI avail- 
ability of a drug from a solid dosage form, Jaminet 
et nl. (420) used the beaker method with low agitation 
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on phenobarbital tablets to distinguish between the 
effect of process variables and formulation factors. Even 
i f  the predictability for the absorption of phenobarbital 
tablets could be conclusively demonstrated, there is no 
assurance that similar “simple” tests could be used to  
predict the absorption of other drugs. In a novel ap- 
proach to the assessment of the dissolution rate of drugs 
from solid dosage forms, Ceschel and Mazzonetto (421) 
used a mcthod based on changes in the electrical con- 
ductivity of the dissolution medium due to  the pro- 
gressive clution of high dosage ionic substances into 
solution. The influence of the excipients used was neg- 
ligible: and although the authors claimed that even with 
interfering substances the sum of the partial values due 
to each component can be determined in advance, this 
may not be valid i n  practice when considering differ- 
ences between formulations. A similar approach has 
been i n  ~ise for the routine quality control of timed-release 
potassium chloride tablets. 


In coii.junction with 10 collaborators from several 
laboratories, Alexis et al. (422) tabulated the require- 
ments of’ vurious pharmacopeias for disintegration 
times of tablets and reviewed methods for dissolution 
rate determination. The beaker method of Levy was 
selected to study the effect of formulation and other 
factors on the dissolution of methaqualone, partly to  
show the value of dissolution studies in place of dis- 
integration tests. Reducing the number of tablets used 
i n  a clissol ution run increased the variation in replicate 
results. On this basis, the authors concluded that to  use 
the beaker method successfully, it is necessary to  take 
inorc t h a n  one tablet when intertablet variation is large. 
The reasons for such variation, and methods for re- 
ducing its level, were not discussed. A conclusion that 
precise control of all test conditions is essential to  en- 
sure reproducibility will not catch analysts unaware. 
(Jsing ii rapidly disintegrating, wet granulated tablet 
formulation, the authors noted a marked reduction in 
dissolution rate of  the active substance, partly due to  the 
presence 01’ unsuitable (contraindicated?) excipients 
and partly due to the effect of consolidation in a tablet. 
‘r w o ii 1 t e r n at i ve tablet composi ti om-one wet granu- 
lated and  thc other prepared by direct compression- 
showed more rapid dissolution, probably due to  dis- 
persion o f  the methaqualone in the hydrophilic excipi- 
ents, which reduced the effect of its hydrophobic nature. 
I n  all three formulations studied, there appeared to  be 
no justification for the presence of the large number of 
exc i p icn t s . 


Kescarch involving the influence of processing vari- 
ables on dissolution rate is limited in quantity and deals 
mostly with the  effect of compression force (degree of 
consolidation o r  compaction). Smith et al. (423) studied 
the rclation between dissolution rate and compression 
force for  tablets of lithium carbonate containing poly- 
vinylpyrrolitlone a s  a binder. A maximum dissolution 
rate a t  relatively low consolidation apparently depended 
on the deformation characteristics of the granules and 
was, therefore, related to the binder concentration. 
Following ;i subsequent decrease in dissolution rate due 
to bonding, it second peak in dissolution rate was ob- 
tained which was independent of binder concentration. 
Kristofyersson (424) attempted to evaluate the effect of 
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Figure 5-Dissolution of spray-dried und uir-attritioi~rd p o  w d m  utld 
compressed tablets it1 50 nil. aqueous solutioti at p H  1.2 Key:  A, 
spray-driedpowder; 0, uir-uttririotied powder; A, spruy-dried tablet; 
and *, air-attritioned tublet (403). 


several hydrophilic binders and the influence of com- 
pression force on in vitro and in vivo release rates of 
hydrophilic drugs. The effects of these two parameters 
could not be distinguished as separate phenomena. For 
antipyrine (phenazone) granulated with gelatin, the 
dissolution rate decreased as the compression force was 
increased, but in other cases an increase in  dissolution 
rate with compression force was observed. In vivo test 
results generally showed larger variation than did the 
in vitro data. In a rather complicated study involving 
the effect of different binders and granulating tech- 
niques, Van Oudtshoorn rt a/ .  (425) also presented some 
results related to  compression pressure and dissolution 
rate. 


Monkhouse (426) showed that the rate of solution of 
relatively insoluble powders can be greatly enhanced by 
a simple processing technique, which apparently re- 
sults in molecular dispersion on the extensive surface of 
an adsorbent such as colloidal silica. The bonding forces 
were relatively weak so that drug molecules were easily 
displaced by dissolution media; and since the adsorbent 
was insoluble in water, the system released free drug 
into solution which should have been available for ab- 
sorption. According to  Kornblum and Hirschorn (403), 
dissolution rate studies of various physical forms of a 
pure drug can be misleading unless a proposed solid 
dosage form is included in the comparisons. Dissolu- 
tion rate determinations were made on spray-dried and 
micronized forms of a poorly soluble quinazoline com- 
pound. As can be seen from Fig. 5 ,  the spray-dried 
powder dissolved more rapidly than the micronized 
powder. Formulation of these powders so altered the 
interparticulate aggregation effect demonstrated by the 
pure forms that the tablet made with spray-dried powder 
dissolved more slowly than did the one made with the 
micronized powder. lndustrial pharmacists are well 
aware of the influence of the physical form of the com- 
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pressed tablet and take this factor into consideration 
when designing their preformulation and formulation 
programs. 


In an experiment designed to determine the effect of 
mode of administration of tablets on dissolution rate, 
Sandell et al. (427) prepared phenacetin tablets by wet 
granulation with gelatin solution and by direct com- 
pression. Methods were developed to simulate taking 
tablets by swallowing whole with a little water, after 
disintegration in water, or after chewing. The test tablets 
were dropped straight into the dissolution medium or 
were allowed to disintegrate in 25 ml. water prior to  
rinsing into the dissolution beaker with a saliva-water 
mixture, or they were chewed for 10 sec. followed by 
rinsing the mouth three times with water before empty- 
ing into the dissolution beaker. Dissolution rates for all 
tablets prepared by wet granulation were approximately 
equal, but considerable variations were observed with 
directly compressed tablets. The fastest rate of dissolu- 
tion occurred after chewing the tablets made by direct 
compression. 


As part of a series of papers by Wagner (428), ex- 
amples of quantitative correlations of in vivo with in 
vitro data were presented for such drugs as penicillin, 
amphetamine, erythromycin, aspirin, tolbutamide, gri- 
seofulvin, and salicylamide. Katchen (429) also at- 
tempted to correlate dissolution rate with absorption 
of diazoxide and griseofulvin in  man. For diazoxide 
tablets, high correlation was found between the dis- 
solution in  acid medium and the area under the 0-6-hr. 
blood level curve. With griseofulvin tablets varying 
widely in their composition and dissolution character- 
istics, the dissolution rate in  simulated intestinal fluid 
correlated with the area under the 0-25, 49-173-, and 
0-173-hr. plasma level curve, which corresponded to  
the effect of a single dose, the plateau region, and the 
total experimental period, respectively. One tablet was 
administered daily for the 7-day period. A comparison 
by McGilveray et al. (430) of the USP XVIII limit for 
the dissolution rate of nitrofurantoin with in vitro and 
in vivo availability studies on six tablet formulations led 
to the conclusion that satisfactory formulation is diffi- 
cult and that the official test may provide inadequate 
control. 


Using a commercially available model of an appara- 
tus designed to assess the absorption behavior of or- 
ganic substances by in vitro diffusion studies through an 
artificial lipoid barrier, Stricker reported his results on 
19 organic compounds (43 1) and on tablet formulations 
of aspirin and potassium penicillin (432). Comparing 
the in vitro dissolution rate of chloramphenicol under 
various conditions from several different size fractions 
of powder and three granule and tablet formulations, 
Andersgaard et al. (433) observed more rapid release 
from tablets granulated with gelatin solutions than from 
those granulated with carboxymethylcellulose mucilage 
or an alcoholic solution of polyethylene glycol. In 
contrast, plasma levels of chloramphenicol in human 
subjects showed no significant differences between the 
three tablet formulations, indicating that the dissolution 
process is probably not the rate-limiting step for absorp- 
tion. By varying the manner of addition of anagestone 
acetate to tablet formulations and measuring dissolu- 


Table I-Tablets, U. S .  Drug Recalls for lhe 10-Month Period 
of May 13, 1969-March 9, 1970 


Reason for Number of Percentage 
Recall Recalls of Total 


Subpotent 21 35 
Disintegration 18 30 
Content uniformity 11 18.3 
Weight variation 4 6 . 6  


Bacterial contamination 1 1 . 7  
Mechanical strength 1 1 . 7  
Organoleptic 1 I . 7  


1 1 . 7  
Total 60 100 


Superpotent 2 3 . 3  


Stability - - 


tion rate and progestational proliferation of rabbit 
uterus after oral administration, Sawardeker and Mc- 
Shefferty (434) established a correlation between an in 
vityo dissolution rate test and a physiological test de- 
pending upon the drug’s presence at its site of action. 
Along similar lines, while studying the effect of excipi- 
ents on the dissolution rate of tablets in the alimentary 
canal of the dog, Boucard et al. (435) abandoned the use 
of a radiopaque tracer technique and measured 
changes in the animal’s heart rate, which they related 
to  the release of atropine from the tablets. Since factors 
other than dissolution rate may be involved in this 
physiological parameter, this method may not be ap- 
propriate for precise correlation with dissolution rate. 


The dissolution rates of commercial regular, buffered, 
and timed-release tablets of aspirin were determined at 
37 O by the rotating-flask method at agitation speeds 
from 0.9 to  2.4 r.p.rn. and were correlated by Weintraub 
and Gibaldi (436) with previously reported absorption 
data. Regardless of agitation intensity, the dissolution 
rate decreased in the order: buffered > regular > timed- 
release. Aspirin dissolved from the buffered tablet 
about twice as rapidly as from the regular tablet and 
about eight times as rapidly as from the timed-release 
tablet. On the basis of the in vivo-in vifro correlations, 
the authors suggested that the rotating-flask method 
(437) offers advantages over the beaker method. 


Wagner (438) proposed a distribution plot concept as 
a means of evaluating dissolved time data derived from 
the testing of conventional tablets and capsules. Lineari- 
zation of such data by plotting on logarithmic-prob- 
ability graph paper permits all data derived from a 
given test to be adequately described by the parameters 
of the distribution such as the median and standard 
deviation in the log-normal case. It is then possible to 
correlate these parameters with in vivo data-an obvious 
advantage in the establishment of regulatory dissolution 
rate standards. 


TABLET QUALITY 


The inclusion of new parameters such as dissolution 
rate and content uniformity in regulatory requirements 
for tablets has resulted in an intensification of research 
activity directed toward testing methodology and speci- 
fications for the quality of tablets. In a comprehensive 
review of the control of tablet quality, Cooper and 
Hersey (439) delineated the current situation and trends 
in the pharmaceutical industry and in government. 
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Critical ~inalysis was made of practices and  require- 
ments concerning organoleptic properties, mechanical 
strength, disintegration time, weight variation, content 
uniformity, dissolution rate, microbiological status, and 
stability. In  view of the general absence of literature re- 
ports of specific deficiencies i n  the quality of tablets on 
the market. the authors tabulated (Table I) U. S. recalls 
of tablets during a recent 10-month period. The  signifi- 
cant problems appear to be in the areas of drug content 
arid disintegration time, problems that can be solved by 
i in pr oved tech n ol ogy and scientific stability testing. 
Sinottc (440) reviewed the criteria for tablet quality from 
the point of view of an experienced director of quality 
control. While the obvious requirements for final prod- 
uct quality described as “fitness for use” are not ne- 
glected, the author indicated but did not discuss in detail 
the importance of in-process controls, accountability 
or total niaterial control, control charts to indicate 
developing trends in  a quality parameter, and  automated 
testi rig. 


Thc possibility o f  contaminating tablets with non- 
micro hi a l  part iculnt e matter during processing steps has 
only recently received the attention it deserves. In a 
step-by-step analysis, Lachman and  Lantz (44 1) pre- 
scntccl d;it;i which showed that particulate contaminants 
can bc found at  almost every stage in the manufacture 
o f  tablets. Metallic contaminants include iron, stainless 
steel. brass, and aluminum, whereas hairs, fibers, rub- 
ber, wocld. pairit chips, and paper are representative of 
the no n met a I I ic va  r ie t y . De t cct i on  methods currently 
used are L isual. magnetic separation, electronic separa- 
tion. screening, X-ray, and solution filtration. Sources of 
con t i 1  m i nati on from processing steps involve mills, 
mixers. <winpactor rolls, scrapers, dryers, feed frames, 
and piinclics. The  authors presented a well-planned 
program for  keeping nonmicrobial contamination a t  
the loucst possible level. 


A re\ieLv by Slevin (447), in outline form, covered the 
atcps taken by one manufacturer t o  identify the poten- 
tial causes of cross-contamination in tablet manufactur- 
ing ;ind t h c  steps taken to prevent actual occurrences. 
The use 01’ ;I tote-bin system for minimizing cross-con- 
tamination by dust containment in the transfer of 
poudcrs a r i d  granules prior to tablet compaction was 
described by Fox (443). The tote-bins consist of mobile 
hoppers w i t h  ;I butterfly flow valve at  the discharge port. 
This design does not result in a mass flow profile so, 
to rcducc scgregation on discharge, a flow-corrective 
conical inscrt is necessary. The author also described 
othcr techniques t o  ensure diist containment in mixing, 
granulating, and milling operations. Dust collection for 
product aiid personnel protection during the manu- 
facture o f  tablets was discussed by Chase (444), with 
comments on the feasibility o f  recovering product from 
the collccted dust in special cases. 


A paper by Sykes (445) reviewed the control of mi- 
crobial contamination of pharmaceutical products. 
Sources ol‘ contamination and data concerning con- 
taminarits i n  drug substances, excipients, and tablets 
wc‘rc tlcacribed. Not surprisingly, the heaviest contami- 
nation was t’onnd i n  tablets prepared from drugs such 
as digitalis, crgot, and thyroid originating in plants or  


animal tissues. In the author’s experience, processing 
steps in tableting were such that bacterial growth could 
take place during moist granulation, but subsequent 
drying and compression rendered the organisms non- 
viable so that the final product was no worse microbio- 
logically than the original components. I n  an extensive 
consideration of the microbiological purity of pharmn- 
ceutical preparations, Buehlniann et a/ .  (446) stated 
that harmless saprophytic microorganisms in  limited 
numbers can be tolerated i n  nonsterile products. In  
addition to  limiting the maximum permissible total 
count, selective testing for specific organisms of prac- 
tical significance is suficient. A section i n  USP XVlII 
(15) described tests for the estimation of the number of 
viable aerobic microorganisms present and for freedom 
from designated microbial species (Scrliiioriclko, E ~ h e r i -  
chia coli, Staph~~lococ~c~iis mireii,y, and Pseiidornorias m r u -  
ginosa) in pharmaceutical articles of all kinds, from raw 
materials to finished products. Microbiological studies 
by Wanandi and Speiser (447) on 103 marketed tablets 
showed that over 60 ”< contained more than 100 micro- 
organisms/g., but only 3 7:; contained more than lo4 
microorganisnis/g. Most contaminants wcre aerobes 
and spore-producing bacilli. but 4 0:; of the tablets con- 
tained enterobacteria. About 97% of the tablets con- 
tained fewer than 100 moldsjg. Most contamination 
could be traced t o  cxcipients of natural origin, especially 
starches. 


Cox and Spanjers (448) described an interesting 
method for preparing sterile implants which avoids the 
need for special prccxutions during ;I conventional tab- 
leting operation. The drug, usually a steroid hormone, 
is compressed together with a bactcricidul substance 
such as 1 wjw chlorobutanol. menthol. or camphor 
which also supplies a lubricant e fcc t .  By heating the 
implant at  80” for 20 hr., the bactericidal agent is re- 
moved by volatilization and sterilization is effected. 
Regrettably, the authors reported n o  attempt to chal- 
lenge the effectivcncss of the sterilization methods by 
intentional challenge with spores o r  viable microorgan- 
isms during manufacture. 


The inadequacy o f  indirect methods such as porosity, 
strength, and  disintegration time for  studying the  
physical properties of tablcts was referred to  by Hess 
(449). A useful technique for detailed examination of 
particles and tablet surfaces was shown t o  be scanning 
electron microscopy at ;I magnification of I00 5000 di- 
ameters. Photographs of coated active substance after 
compaction and comparisons of tablets prepared by 
wet gr anul at  i o n and d i r ec t co m press i o n d en I o n st r :I t e 
the exceptionally largc depth of field attainable. Fuchs 
(450) also reported studies using scanning electron 
microscopy to  examine the surfaces of tablets prepared 
from corn starch, lactose, and cyproteronc acetate. 
Deformation of the starch grains without fragmentation 
was observed, and the formation of solid bridges be.- 
tween the crystals of lactose and cyproteronc acetate 
was demonstrated. These solid bridges. formed by cold 
working of the substances. were considered to  be un- 
desirable, especially with micronized substances, owing 
t o  the resultant ciccrease i n  pore volume and surface 
area which may reduce the rate of drug dissolution. 
However, corn starch can produce large pores even in 
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tablets prepared at high compaction pressures, due to  
elastic recovery following deformation under pressure. 


Scanning electron microscopy was also used by 
Schoepflin and Fuchs (45 1) to demonstrate differences 
in the texture of broken surfaces of timed-release tab- 
lets prepared at different compaction pressures which 
were related to the drug release rate. Decreasing poros- 
ity and the formation of solid, interparticulate bonds 
with increasing pressure decreased the rate of drug re- 
lease, but elastic recovery of tablets prepared at high 
pressure produced fissures and cracks which increased 
the release rate. The results stressed the importance of 
defining and controlling the compaction pressure in 
such cases. Koehler (452) also studied and reported 
on the relation between the microstructure of tablets 
and the release rate of the active drug substance. 


Drug Content-The inclusion of requirements for 
content uniformity of tablets in pharmacopeias initiated 
a surge of activity in the development of automated 
analytical procedures and in the search for assay meth- 
ods of sufficient sensitivity for use with unit doses of 
potent drugs. USP XVIII (15) permitted the use of auto- 
mated procedures, provided that the results were of 
equivalent accuracy to the official procedure, the latter 
remaining the definitive one in case of differences. 
N F  XI11 (16) also accepted automated procedures as 
demonstrating compliance if the exact chain of chemical 
and physical steps described in the official test was 
followed. 


Surveying the situation since the quality of reserpine 
tablets on the U. S. market was first questioned in 1967, 
Banes and Finkel (453) reported that in spite of a more 
intensive investigation the results of a second study 
initiated in 1968 showed an appreciable reduction in the 
defect rate within a 2-year period. In a total of 956 
samples tested, only 35 (3.7 %) were defective compared 
with 9.4% in the previous study. Thirty-three of the 
defective samples were subpotent, and none was super- 
potent. The semiautomated analytical technique used to  
determine the reserpine content of the tablets was 
described by Page (454). The procedure closely parallels 
the method of U SP XVII. 


A review article by Kuzel et al. (459, with 293 refer- 
ences, covered developments in the area of automated 
techniques in pharmaceutical analysis through mid- 
1968. Although not oriented toward dosage forms, the 
section on solid sampling methods dealt primarily with 
unit dose tablet assays. An interlaboratory, collabora- 
tive study of the G C  assay methods now covered by 
USP XVIII monographs for tablets of atropine sulfate 
and of scopolamine hydrobromide was reported by 
Grady and Zimmerer (456). An added internal standard 
along with alkaline buffer is used to extract the drug 
which, following concentration, is injected into the 
chromatograph. The authors stated that the method is 
applicable to identity and content uniformity testing. 


By measuring the fluorescence intensity of a formic 
acid-chloroform-treated, powdered, buffered aspirin 
tablet, Shane and Stillman (457) claimed to have re- 
duced assay time, aside from calibration, to less than 10 
min. The authors emphasized that only a monochro- 
matic spectrofluorometer with a solid-state photomulti- 
plier, carefully maintained and periodically calibrated, 


should be used. To overcome the time-consuming, 
expert attention required by most official compendia 
for the analysis of salicylic acid and aspirin, Watson 
et al. (458) described a G C  method for the simultaneous 
analysis of both compounds. Diazomethane in tetra- 
hydrofuran is used to convert the drugs to their methyl 
esters, which are eluted isothermally from a 5 OV-210 
on Diatoport S glass column. When tested by this 
method, synthetic mixtures of aspirin and salicylic acid 
as well as commercial compressed and enteric-coated 
aspirin tablets gave results generally in  excellent agree- 
ment with USP values. Dechene et al. (459) also de- 
scribed the use of GC for analysis of compound aspirin 
tablets, following preliminary separation of aspirin and 
phenacetin from caffeine and codeine. 


The use of a methyl acrylate-methyl methacrylate 
copolymer matrix for timed release yields tablets too 
hard for manual grinding. Sennello (460) described a 
rapid GLC method for the determination of meth- 
amphetamine hydrochloride in tablets of this type ; the 
method provides excellent recovery and precision. 
Whole tablets are dissolved in chloroform, followed by 
conversion to the methamphetamine base with potas- 
sium hydroxide. As an internal standard, n-tridecane 
is added and an aliquot of the resulting solution is then 
injected into a gas chromatograph. The method is not 
applicabIe to the determination of drug release rate. 


An interesting variation in automated spectrophotom- 
etry by Ahiya et al. (461) involves the use of a dual- 
extraction procedure for the analysis of phenmetrazine 
hydrochloride tablets. The first extraction step requires 
three mixing coils and two separators. In the first, 
chloroform is separated from the aqueous phase; in the 
second, chloroform is washed with water, thereby 
eliminating emulsion problems. The second extraction 
step involving reextraction of phenmetrazine into dilute 
hydrochloric acid from chloroform is automated by the 
use of a continuous digestor in the form of a heated 
rotating helix. 


Abdine et al. (462) reported a method using orthog- 
onal functions to correct for irrelevant absorption 
spectra due to various diluents during the analysis of 
tablets. The method is proposed as a means of routine 
analysis without the need to extract active substances 
from excipients. A colorimetric assay procedure for 
primary amines in tablets was described by Fontani and 
Morandini (463). Secondary and tertiary amines and 
several compounds commonly associated with amphet- 
amine in dosage forms gave no interference. Atkinson 
(464) showed that multiple attenuated total reflectance 
IR spectroscopy represents a possible method for the 
rapid identification of tablets containing barbiturates. 
Small samples of 1-2 mg. were suitable, and excipients 
including colorants and coatings had no effect. 


In searching for an analytical method particularly 
applicable to esters, Urbanyi and Lin (465) found 1R 
absorption to be more reliable than any other reported 
in the literature. For methylphenidate hydrochloride 
tablets, an automated system consisting of a Technicon 
SOLIDprep sampler 11, a proportioning pump, a con- 
tinuous filter, and a Perkin-Elmer IR 621 was assembled. 
Analytically the method involves a simple chloroform 
extraction and determination of the intact ester car- 
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bonyl. The authors expressed the view that the ad- 
vantages of the technique as a new application in auto- 
mation of tablet content uniformity were demonstrated. 
The variable composition of esterified estrogens 
precludes the availability of a valid standard for 
all batches of tablets. Weber et al. (466) solved this 
problem by using as a standard a sample of the same 
lot of USP esterified estrogen powder used to  prepare 
the batch of tablets. The automated, analytical pro- 
cedure employed for the content uniformity test is 
based on the principle of sulfuric acid-induced fluores- 
cence 


A GC assay for tablets containing belladonna alka- 
loids i n  combination with phenobarbital was developed 
by Zimmerer and Grady (467). After acid extraction 
of the phenobarbital and curing of the column, the 
method was sufficiently sensitive to allow assays of 
individual dose units of hyoscyamine sulfate, atropine 
sulfate, and scopolamine bromide. Wide variation in 
content uniformity of digitoxin and digoxin tablets has 
resulted in recalls from the U. S. market of a number of 
such preparations. Cullen et al. (468) described a sensi- 
tive, specific, automated procedure for the unit dose 
analyses of such tablets based upon the fluorometric 
measurement of the dehydration products of the cardio- 
tonic steroids as a consequence of their reaction with 
hydrogen peroxide i n  concentrated hydrochloric acid. 
Myrick (469), on the other hand, used thiobarbituric 
acid as the color reagent for an automated analytical 
system for testing the content uniformity of digoxin 
tablets. 


Both fluorometric and colorimetric methods were 
modified by Kabadi et al. (470) for the semiautomated 
analysis of un i t  doses of reserpine. The fluorometric 
determination proved to be more sensitive and free from 
excipient interference. Bryant et al. (471) described an 
automated system for the assay of chloral hydrate in  
single tablets. Spectrophotometric determination at 
605 nm. was used to measure the intensity of the blue 
complex between chloral hydrate and quinaldine ethio- 
dide in alkaline solution. A detailed description with 
flow diagrams and photographs for the construction and 
operation of an automated system for the assay of single 
tablets appeared in a paper by Beyer and Smith (472). 
The modular instrumental assembly has the capacity of 
handling up to six different types of tablets sequentially, 
with automatic changes i n  standards or dilutions. The 
tablet data presented provide examples of the applica- 
tion of the system for unattended UV analysis of a wide 
variety of steroid tablets. Geller et al. (473) described a 
procedure for the determination of ascorbic acid in 
multivitamin preparations including tablet dosage 
forms. Based upon the coupling reaction of diazotized 
4-methoxy-2-nitroaniline with ascorbic acid, the method 
represents an adaptation of a colorimetric test used 
manually for many years. 


The statistical aspects of the USP content uniformity 
test for tablets received the attention of several in- 
vestigators. The product specifications in  USP XVII 
and N F  XI1 include rubric limits, weight variation re- 
quirements, and content uniformity limits. In the ab- 
sence of provisions for stating the degree of confidence 
to  be placed on the experimental findings, Comer et ai. 
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accepra~ice after tlrefirst sntnplitrg [ 10,O) : RI, OC cirrcc~,/or rc.jectioti 
after rlrefirst sampling ( I0,2 } ; AII, OC curw for ctccepta/ice ufier tile 
second sampling ( 10,1:20,0) : ASN. ureruge sample tiumber related 
to percent outsiders; R,, producer’s risk leliel (P., = 0.95); wid R,, 
corisiimrr’s risk leuel (P, = 0.10) (477). 


(474) proposed a plan which combines the information 
from the weights of a large (100-200) number of tablets 
with information obtained from single-unit assays on a 
smaller (3-10) number of units from the same lot. Sta- 
tistical equations based upon tolerance limits for normal 
distributions were derived, computer simulations were 
run to justify these distributions, and data from a tablet 
product involving 20,000 tablet weighings and 1800 
assays on 200 lots could be fitted to the proposed formu- 
las. The authors stated that more specific information 
on tolerance intervals is obtained by the proposed 
method than by existing tests in the official compendia. 


In further criticism of the compendia1 test (473, the 
operating characteristics of the official sampling plans 
for content uniformity tests were developed and formu- 
las were presented for studying the effect of slight 
changes in drug content and tablet weight during manu- 
facture upon the probability that a particular lot will 
meet the official content uniformity limits. These formu- 
las include the proportional process biases for the co- 
efficients of variation of tablet weight and assay data. 
Due to  a difference between the sampling plans in page 
proof for USP XVIII and the final text in the compen- 
dium, Sampson et al. (476) reviewed the effect of the new 
sampling plan on the probabilities of meeting content 
uniformity requirements for tablets in  USP XVIII. Re- 
vising their statistical analysis on the basis of the new 
plan, the authors concluded that the probability of 
passing a lot, when the coeficient of variation increases, 
is greater for the new plan than for the old. 


Pietra and Setnikar (477) analyzed sampling plans for 
uniformity of dosage forms as required by 12 different 
pharmacopeias. The most critical uniformity specifica- 
tion appears to  be the two-step sampling plan for con- 
tent uniformity in the USP and NF. As shown in Fig. 6, 
the operating characteristic curves show how little the 
second step adds to the number of tolerated outsiders 
at the producer’s risk level and practically none at the 
consumer’s risk level. The coefficient of variation allowed 
for content is comprehensive for variability of actual 
content and for the apparent variability-a reflection of 
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the effect of analytical error. Depending upon the pre- 
cision of the analytical method, the allowances for 
content variability are different for each drug to  which 
the test must be applied. 


For a sample of tablets to conform with the require- 
ments of the USP XVIlI content uniformity test, the 
allowable standard deviation of results must decrease as 
the arithmetic mean value obtained for the sample devi- 
ates increasingly from the theoretical mean. The in- 
fluence of the analytical error on the conclusions reached 
was considered by Pedersen et a/. (478), using a com- 
puter simulation of a model tablet batch. The results 
indicated that it is inipossible to  determine accurately 
the variation in drug content from tablet to tablet with- 
out having calculated the contribution of the assay 
error on the content uniformity results. Polderman and 
de Blaey (171), in  a survey of mixing problems, con- 
cluded that the USP XVIII content uniformity test is a 
good criterion for solid dosage forms. However, they 
considered that the limit of 50 mg. of active substance 
for which content uniformity testing is required is not 
satisfactory and should rather be defined on the basis of 
the proportion of active substance in a tablet. 


In view of the low dose of drug required in cyanoco- 
balaniin tablets, methodology for unit dose assays is 
complicated by the need for a sample larger than is 
available in a single dose. Therefore, Nessel et al. (479) 
used radioactively labeled 57Co-cyanocobalamin for a 
study of the uniformity of distribution of the drug in 
tablet formulations. Stabilized (protected) cyanoco- 
balamin in 0.1 or 1.0% gelatin compositions or in  a 1 
resinate composition was used. The degree of mixedness 
of each formulation was satisfactory. However, statisti- 
cal analysis of the data showed that after compression 
and unit dose analysis, 57Co-cyanocobalamin content 
variations were significantly lower for the 1% gelatin 
product than for the resin product. Although the 0.1 % 
gelatin product showed lower variability than the 1 % 
resin product, this difference was less marked than with 
the 1 %  gelatin product, a difference attributed to  the 
10-tinies-greater dilution of the drug. 


In the preparation of tablets in  which the drug is ap- 
plied in the form of a coating on a placebo core, Car- 
stensen et d. (480) found that tablet size influences vari- 
ation in drug content uniformity. Since tablet-to- 
tablet variation decreases with an increasing number of 
coats, the application of a given quantity of drug is best 
acconiplished with a larger number of coatings of a 
more dilute coating mixture. The data also supported 
the view that a higher level of content uniformity is 
obtained when starting with a large rather than a small 
core. 


Organoleptic Properties---In spite of the fact that ex- 
amination of the organoleptic properties such as appear- 
ance, odor, and taste play an important role in the quality 
control of tablets, the literature is practically devoid of 
research papers on this subject. Stone (481) proposed a 
system of inspection of tablets on both sides, in special 
trays, under controlled lighting and for a predetermined 
interval of time. Defective tablets are marked, separated, 
and then rated i n  accordance with a table of major and 
minor defects. The total number of units assayed is re- 
lated to batch size, and the time interval for inspection 


is adjusted to  the tablet size and the desired intensity of 
inspection. In taste coverage experiments with four 
bitter amine drugs in  the form of polycarboxylic acid 
ion-exchange resin adsorbates, Borodkin and Sundberg 
(482) found a significant reduction in bitterness. Addi- 
tional taste coverage was obtained by coating the ad- 
sorbate particles with cellulose derivatives. Incorpora- 
tion of the adsorbate into chewable tablets did not re- 
sult in loss of taste coverage. I n  uitro studies of drug 
release from adsorbates demonstrated that identical 
coating levels on different adsorbates did not yield 
similar release rates, indicating the influence of varying 
physical properties of the drug substances. It is probable 
that extensive biopharmaceutic studies would be neces- 
sary before any  commercial utilization of this procedure 
for masking undesirable taste characteristics can be 
adopted. 


Weight Variation-Alsos et a]. (483) discussed the 
importance of considering the intended (theoretical) 
weight of tablets when assessing the weight distribution 
of individual tablets in  a batch. The mean weight of a 
sample is not a suitable parameter on which to  base 
conclusions regarding the entire batch since the tablet 
weights within the batch may not conform to a normal 
distribution. Samples of marketed products collected 
by official inspectors provide inadequate information 
upon which to  base a regulatory decision. The authors 
suggested that responsibility for complete control must 
rest with the manufacturer. On the basis of the pro- 
portional relationship between tableting pressure and 
tablet weight, Briner and CourtinIG (484) designed a 
strain gauge apparatus for continuous recording of the 
pressure as a means of monitoring tablet weight. In  the 
event of a significant departure from mean weight, the 
apparatus can produce a warning signal or automati- 
cally stop. 


Delonca et al. (485) investigated the relationship 
between die diameter, granule size, and weight uni- 
formity of tablets. Although the effect of die diameter 
was in some cases inconclusive, for dies of 8-12 mm. the 
smaller granule fractions between 250 and 800 pm. pro- 
duced the smallest weight variation. Factors that de- 
termine the uniformity in weight of tablets were studied 
by Bessho er al. (486). These factors include compression 
tooling defects, size ratio of granule to die, Row prop- 
erties, feed system, level of material in the hopper, and 
production rate. The authors made the surprising com- 
ment that friction, sticking, chipping, and capping dur- 
ing compression are the factors most likely to cause 
weight variation. It seems reasonable to consider that a 
tablet composition exhibiting any of these four defects 
could not be described as adequately formulated, unless 
defective tooling was responsible. 


By using a simple die simulator consisting of a 12- 
mm. die cavity, the effect of particle shape on the varia- 
tion of fill was assessed by Ridgway and Scotton (487). 
Several size ranges of material were separated into 
batches of different shapes using the method described 
by Ridgway and Rupp (134). As might be expected, the 
mean weight and uniformity of die fill decreased as the 
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shape became less regular. Tablet weight variation was 
measured during compression of lactose granules of 
different size and shape by Ridgway et  al. (488). The 
results were correlated with the bulk density and the 
behavior in a modified annular shear cell, which per- 
mitted measurement of the normal force exerted by the 
granules as they dilated under shear. 


Disintegration Test-The popularity of the dissolution 
rate test has resulted in a corresponding decline in  re- 
search activity involving disintegration time testing. 
Klie (489) critically evaluated a commercially available, 
multipurpose tablet and granule testing instrument with 
accessories for carrying out various friability, disin- 
tegration, and dissolution tests. The discussion included 
a comprehensive comparison of physical test methods in 
various pharmacopeias. Klie stated that the rapid dis- 
integration of tablets has always been important in  
Europe in  view of the common practice of patients to  
disintegrate the tablet in water before swallowing it. 
While this is undoubtedly true, the practice was related 
to  custom and not to  an early recognition of dissolu- 
tion rate-limited absorption. Klie’s comment that in the 
United States the mechanical strength of tablets was 
more important than short disintegration times as a 
consequence of the shipping of tablets in  bulk quantities 
is inaccurate. There were and are no specific regulatory 
requirements for tablets in the United States, while 
there has been a legal standard for disintegration time 
using an apparatus under controlled conditions of 
agitation with a far more precise end-point than existed 
in most European countries. 


Sanders (490) also discussed the requirements of 
different pharniacopeias and has proposed a simple 
method of determining the particle size of tablet frag- 
ments after disintegration using an instrument which 
incorporates a set of sieves. Sandell (491) carried this 
idea further with an apparatus consisting of three super- 
imposed sieves, with the largest mesh size on the top and 
the smallest on the bottom. The sieve assembly in a 
Plexiglas tube is placed in a beaker of water at 37”, with 
the tablet on the top sieve, and agitated mechanically. 
After a certain interval, the apparatus is removed from 
the beaker, the sieves are dried. and the residue on each 
sieve is weighed. Tests on phenacetin tablets were able 
to distinguish clearly the far more rapid disintegration 
and deaggregation of the wet granulated over the di- 
rectly compressed tablets. In  further tests with this ap- 
paratus, Sandell et al. (492) compared disintegration 
and dissolution results of isoniazid, sulfamethizole, 
meprobamate, and diazepam tablets. The residue on the 
coarsest screen was sufficient to  provide discriminatory 
results for two brands of isoniazid and sulfamethizole 
tablets. For the other two drugs, the entire screen sieve 
analysis had to be taken into account in discriminating 
between different brands. More recently, Sandell and 
Helmstein (493) compared the wet sieving apparatus 
with the USP disintegration test. They stated that it 
would be advantageous to  use the sieving technique 
during formulation trials because the mild agitation 
permits more sensitive differentiation between prepara- 
tions than does the USP test with its more intense rne- 
chanical agitation. A modified apparatus with only two 
sieves is now proposed. 


Mechanical Strength--To avoid confusion of the 
term “strength” with potency, the mechanical strength 
of pharmaceutical tablets is commonly referred to as 
“hardness,” although this term is by correct definition 
a surface property. A pneumatic microindentation ap- 
paratus was used (494) to  show that the surface hardness 
of aspirin tablets decreases from the center of the tablet 
face to  the outer edge. As expected, the hardness 
increased with compaction pressure due to work- 
hardening. An increase in the initial particle size of the 
crystals caused a reduction in the surface hardness of 
the tablets. Such measurements might be extremely use- 
ful in both tablet formulation and process develop- 
ment. 


Indentation methods are commonly used to  assess 
the hardness of metals. Hiestand et al. (495) described an 
impact test for compressed tablets based on the impact- 
rebound principle using a pendulum. The energy con- 
sumed during impact divided by the volume of indenta- 
tion produced by the impact of a steel sphere provides 
an estimate of the mean deformation pressure, and 
equations were derived for determining the hardness 
of compacts. This investigation relied heavily on the 
experience of metallurgists in  accepting the validity of 
the impact method for assessing the hardness of 
tablets. 


To correlate strength measurements for tablets of 
various sizes, Rees and Shotton (496) quoted the break- 
ing load as a function of the cross-sectional area of 
contact in the plane of failure. A porosity term was 
necessary to correct for the decreased contact area due 
to voids. More recently, Newton et al. (497) suggested 
that results can be correlated using tensile strength 
values, except when the tablet thickness is small. A 
theory proposed by Haynes (498), for predicting the 
tensile strength of porous materials, took into account 
the stress-concentrating effect of the pores. 


The strength of pharmaceutical tablets is commonly 
determined by measuring the resistance to failure in  
diametrical compression. By coincidence, the circular 
disk shape of many tablets is such that, under controlled 
conditions, compression along a diameter produces 
pure tensile failure in  a direction izormal to the applied 
force. In a review of the testing of tablets by diametrical 
compression, Ridgway (499) coniniented that the use of 
a groove in  the platens of a tester to locate the tablet is, 
therefore, a bad feature since it alters the stress distribu- 
tion. Opposed spherical-ended indenters may be more 
suitable for testing noncircular tablets because the 
plane stress assumption for tensile failure is only valid 
with perfect disk-shaped specimens. 


Ritschel et al. (500) compared eight different instru- 
ments for measuring tablet strength. They reported 
significant differences between the results of different 
operators, except with the Pfizcr and motorized Heber- 
lein instruments. There was no apparent difference in 
the reproducibility of strength values caused by varia- 
tions in  the rate of loading. Rees et al. (501) attributed 
this negative finding to the low mean strength and rela- 
tively large standard deviation in  strength of the tablets 
studied by Ritschel et 01. With tablets of uniform 
strength, Rees ef al. showed that an increase in the rate 
of loading caused a significant increase in  the value 
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obtained in diametrical compression tests. The mea- 
surements with an Instron mechanical testing instru- 
ment were also correlated with values obtained using 
the motorized Heberlein and Erweka testing instru- 
ments. In view of this dependence of strength on testing 
speed, Ridgway (499) proposed that an instrument 
should be developed to test tablets by diametrical im- 
pact. 


Pharmaceutical tablets usually contain a number of 
different substances, and it would be useful to  be able 
to predict quantitatively the mechanical properties of a 
tablet from a knowledge of the properties of the single 
components. Studies with three forms of lactose re- 
sulted in successful prediction of the tensile strength of 
tablets prepared from mixtures on the basis of tensile 
strength measurements for tablets of each material 
(502). It is sometimes necessary to include suitable pad- 
ding material between the tablet and the steel platen 
of the testing instrument to  produce the appropriate 
stress distribution that causes tensile failure of the speci- 
men (503). Conflicting results were obtained concerning 
the benefit derived from the presence of a-lactose mono- 
hydrate in samples of lactose (502, 504); and since each 
particle of spray-dried lactose may contain all three 
forms of lactose, i.e., a-lactose, @-lactose, and a-lactose 
monohydrate, it was not possible to  predict the tensile 
strength of tablets containing spray-dried material. 


Investigators in  another laboratory (505) also made 
accurate predictions of mechanical properties for tab- 
lets containing lactose and microcrystalline cellulose. 
A thin blade, inserted through the die wall. was used to  
slice the compact in  a plane normal to the axis of com- 
pression and thus to  provide an estimate of the strength 
of cohesive bonds within the compact. More recently, 
Wray (506) explained how this technique was also used 
to  predict the optimal quantity of binder in a granula- 
tion to produce tablets with the required mechanical 
properties. Because the test is applied to the compacted 
material in the die, it can be used to  measure bonding 
forces even in powders that would not form a coherent 
compact on ejection. Wray proposed that the system 
could be used for quality control purposes to  distin- 
guish between batches of a raw material which would 
possess good and bad cohesion properties in  a com- 
pressed tablet, 


Increases of over 100% in the strength of sodium 
chloride compacts were observed during the 1st hr. after 
compression (238). The effect could not be explained by 
interparticulate crystallization from moisture films and 
was attributed to plastic flow and increased interparticu- 
late bonding within the compact during stress relief 
following ejection. The photomicrographs of Hardman 
and Lilley (507) confirmed that sodium chloride de- 
forms plastically when compacted. Rees (508) pointed 
out that other tablets containing plastically deforming 
materials may show a similar effect, in  which case differ- 
ent specifications will be necessary for in-process mea- 
surements made immediately after compression and for 
quality control measurements made some time later. 


Keymer (509) concluded that with some tablets, it is 
necessary to accept a low breaking strength in  order to 
ensure adequate disintegration rates. I n  his opinion, 
breaking strength is not necessarily a discriminating 


parameter since even for tablets with an extremely low 
and inconsistent diametrical breaking strength, he ob- 
tained measurements of friability and resistance to 
dropping that were indicative of adequate mechanical 
properties. 


Stability-The problem of tablet stability is one 
aspect of the general problem of the stability of dosage 
forms rendered somewhat more complex by the physical 
and physiological requirements of various types of 
tablets and the multiplicity of excipients in tablet com- 
positions. Chafetz (5 10) defined a stability-indicating 
assay method as a:  “. . . procedure which affords the 
selective determination of a drug substance in the 
presence of its decomposition and reaction products.” 
Such methods are relative and must be approached 
critically in  terms of their utility for monitoring chemi- 
cal stability in the variable environments that make up 
dosage forms and their containers. In planning stability 
studies of tablets, it would appear reasonable to accept 
the statement by Chafetz that: “. . . a drug dosage form 
could be considered as a deliberate contamination of a 
therapeutic principle, a sophistication which is per- 
petrated to achieve uniformity and convenience of 
dosage, product identity, and the physical properties 
which enable it to  be mass produced and shipped in 
commerce.” To this we might say that this sophistica- 
tion also permits the dosage form to be properly and 
effectively administered. 


Aside from chemical stability, interactions between 
ingredients in a solid dosage form can result in  changes 
in  physical properties such as equilibrium solubilities, 
partition coefficients, and dissolution rates. Changes of 
this type are known to have pharmacokinetic effects, 
and Guillory et ul. (51 1) proposed the initiation of con- 
trol procedures to  identify such interactions. Their pref- 
erence was for differential thermal analysis as having 
definite advantages over other techniques. Experimen- 
tally, it was possible to distinguish between binary sys- 
tems that interacted and others that did not. Although 
the authors stated that their differential thermal analy- 
sis technique shows promise of adaptability to the 
examination of dosage forms, no such studies were re- 
ported in this paper. The influence of pressure on solid- 
state interactions was investigated by Forusz (512), using 
a specially designed punch and die system in conjunction 
with a hydraulic press. Under pressure, increased mois- 
ture caused increased interaction. Quantitative mea- 
surements of the solid-solid interactions were made 
using differential scanning calorimetry and thermogravi- 
metric analyses. 


Although not directly involving tablets, the investiga- 
tion by Lach and Bighley (40) may be of significance 
in the development of stable tablet formulations. By 
using diffuse reflectance studies, evidence was found of 
interactions between chlortetracycline hydrochloride- 
magnesium trisilicate, tetracycline-magnesium trisili- 
cate, demeclocycline (demethylchlortetracyc1ine)-alu- 
minum hydroxide, dicumarol (bishydroxycotimarinb 
aluminum hydroxide, methantheline bromide-talc, and 
others. Continuing a series of diffuse reflectance studies 
of solid-solid interactions, McCallister et a1. (41) pro- 
posed a mechanistic interpretation suggestive of chemi- 
sorption due to surface chelation. Chelates of dicumarol 
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(bishydroxycoumarin) and furosemide were prepared, 
and diffuse reflectance spectroscopy spectra were com- 
pared with similar drug-excipient spectra. The authors 
also reported significant interactions between chlor- 
amphenicol, ergonovine maleate, and digoxin with 
magnesium oxide and magnesium trisilicate. Factors 
of significance in the nature of the excipient are hydro- 
gen bonding, van der Waals' forces, chemisorption, the 
amount of adsorbed moisture, and the availability of 
active sites. 


A brief and somewhat inconclusive study of the physi- 
cal properties and stability of a placebo tablet formula- 
tion exposed to a relatively high dose of y-radiation was 
reported by Schwenker and Poehland-Heuser (5 13). 
The investigation was intended to  show the possible 
effect of sterilizing radiation on the appearance, dis- 
integration time, and mechanical properties of tablets. 


The effects of moisture on tablet stability were re- 
viewed by Griffiths (279), including methods for over- 
coming problems by coating of granules or tablets and 
the selection of suitable packaging systems for the 
finished tablets. Rasmussen et a]. (514) compared 
various methods for the analysis of moisture content in 
tablets of potassium phenoxymethyl penicillin-a sub- 
stance susceptible to hydrolysis. Karl Fischer titration 
apparently included the theoretical quantity of water of 
crystallization in the lactose excipient, whereas results 
by GLC did not. Unfortunately, this was not con- 
firmed by analyzing the lactose itself. Thermogravi- 
metric analyses at 100 and 105" were unsuitable owing 
to continued dehydration of lactose over a 5-hr. period. 
The authors concluded that the preferred analytical 
methods are direct Karl Fischer titration to measure the 
total water and GLC or Karl Fischer analysis of a 
methanol extract to detect adsorbed water. 


Similarly, Iconomou et a/. (515) described a GC pro- 
cedure for the determination of moisture content which 
they found to  be suitable for several granulations and 
compressed tablets. The results correlated with loss-on- 
drying and Karl Fischer measurements, and good repro- 
ducibility was obtained. Upon tableting with magnesium 
stearate and microcrystalline cellulose, Carstensen et al. 
(516) found that thiamine hydrochloride degrades to  a 
point of apparent equilibrium when the amount of in- 
tact thiamine is a function of the amount of water pres- 
ent and exhibits a minimum at about 5.5% moisture 
content. On the basis of a proposed model, the phe- 
nomenon was explained as resulting from the adsorp- 
tion of dissolved thiamine on the microcrystalline cellu- 
lose, with total degradation of the thiamine in the 
monolayer and no degradation outside the monolayer. 
The authors believed that the model is applicable to  
many systems in which a drug in solution is adsorbed 
on the main excipient. 


In  checking the alleged interaction of silica gel with 
ascorbic acid, de Ritter et 01. (517) used both model 
experiments and practical tablet trials on wet granu- 
lated materials. Loss of ascorbate in  the presence of 
various excipients and water was demonstrated and 
stated to be dependent upon pH, water-binding capacity 
of the excipient, and trace metal content. The impor- 
tance of proper processing in the preparation of multi- 
vitamin tablets in order to reduce the known sensitivity 


of ascorbic acid to oxidation in the presence of moisture 
was emphasized. Availability studies in man showed 
that ascorbic acid is absorbed normally in the presence 
of silica gel. Kedvessy et al. (518) described studies to 
ensure stability of ascorbic acid in sugar-coated tablets 
also containing ferrous sulfate. The technique involved 
reduction in the moisture content of the cores by using 
a dry granulation procedure with ferrous sulfate dried 
to contain 1.5 molecules of water of crystallization and 
by precoating the cores with cellulose acetate phthalate 
in isopropanol-chloroform prior to  sugar coating. 


The relationship between stability and biological 
activity has received surprisingly little attention in  the 
literature. Calvey (519) ascertained that, contrary to an 
earlier report by Mathews and Turck (520). there ap- 
pears to be no  reason why mannitol-based glyceryl tri- 
nitrate tablets should not maintain their chemical and 
biological potency for over 30 months. Also, in con- 
trast to  previous reports, Hammouda and Salakawy 
(521) observed discoloration of neomycin tablets con- 
taining lactose, which they attributed to  the Maillard 
reaction. The effect was associated with an appreciable 
decrease in  pH of a filtered suspension of the tablet, and 
the reaction was base-catalyzed, acid-inhibited, en- 
hanced by an increase in ambient relative humidity, 
and retarded by the presence of sodium metabisulfite. 


The color stability of hexylresorcinol i n  a compressed 
tablet was shown by Polli and Frost (522) to be due to 
the presence of polyvinylpyrrolidone in the formulation. 
A strong complexing interaction between the two sub- 
stances was demonstrated by IR spectroscopy and the 
solubility isotherm method. This interaction resulted i n  
a reduction of the antimicrobial activity of the hexyl- 
resorcinol, indicating the importance of evaluating 
changes in biological activity as a consequence of corn- 
plexation. 


The popularity of aspirin as a drug is matched by its 
popularity as a subject for research investigation. In an 
excellent review of the determination of the decomposi- 
tion of aspirin in tablets and in tablet compositions with 
other drugs, Kelly (523) discussed the stability of aspirin 
in the presence of antacids, buffering agents, and various 
excipients used in tablet formulations. Along the same 
lines, Maulding et a1. (524) investigated the influence of 
several excipients and antacids on the stability of aspirin 
formulated as powder mixes, tablets, and suspensions. 
Relative stability rankings, based on salicylic acid 
formation after storage for 45 days at 40" in  a closed 
container, were obtained. The similarity of the results 
for powder mixes and tablets indicates the negative 
contribution of compression to aspirin stability. 


Using simple, slugging formulations consisting of 
active substance with disintegrant and talc, Delonca 
et al. (525) observed that of five formulations studied, 
one containing calcium sulfate as disintegrant resulted 
in the least hydrolysis of aspirin at  various dry and 
humid storage conditions. No details of the physical 
properties or physical stability of the tablets were given. 


Boggiano et 01. (526) suggested that whereas aspirin-- 
phenacetin mixtures are compatible, the replacement of 
phenacetin by acetaminophen in many commercial tab- 
let formulations without adequate testing has resulted i n  
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REFERENCES products on the market that contain diacetyl-p-amino- 
phenol. The interaction between aspirin and acetamino- 
phen was shown to  be considerably accelerated by co- 
deine phosphate and magnesium stearate, and the inter- 
action was greater in tablets than in uncompressed 
powder mixes. An investigation by Nieminen and 
Castren (527) of the interaction between aspirin and 
prednisolone in tablets showed esterification of the 
steroid to the acetate. Although the authors obtained 
low values with the USP method, indicating degrada- 
tion on the 17-side chain, the presence of acetylated 
prednisolone was not revealed. They suggested the in- 
clusion of TLC analysis in addition to colorimetric and 
UV spectrophotometric determination in the control of 
prednisolone tablets. 


CONCLUSIONS 


Research and development activity in tablet tech- 
nology during the past 3 years has been appreciable, in 
proportion to the importance of the dosage form. Ex- 
perimental design has shown a steady improvement due 
to a less constricted approach to pharmaceutical prob- 
lems, as well as external pressure from regulatory 
agencies. Nevertheless, there is still evidence of a narrow 
isolated attack on some problems, which involve 
the interplay of variables. 


Methodology for investigating the properties of 
individual components of pharmaceutical preparations 
leaves a great deal to be desired in spite of the evolution 
of a formal discipline of materials science. The literature 
is almost totally devoid of information concerning the 
role of the physical properties of active drug substances 
in processing and drug quality, with the exception of 
biopharmaceutic implications. The search for new 
excipients appears to be essentially restricted to diluents 
for direct compression and new materials for film coat- 
ing. 


In processing technology, a serious gap remains in 
the study of the mixing operation, and most of the 
papers reviewed in this report emanate from sources 
other than pharmacy. 


Excessive interest in the instrumentation of tablet 
machines has undoubtedly led to neglect of other im- 
portant unit operations involved in tablet technology. 


Concern with the problem of content uniformity has 
led to an intensive search for automated analytical sys- 
tems, but there is less evidence of corresponding at- 
tempts to develop techniques for correcting nonhomo- 
geneity. 


of the papers reviewed fall into the bio- 
pharmaceutic category ; of these, half deal primarily 
with dissolution rate methodology or in vitro dissolution 
rate comparative tests. In spite of increasing activity 
at the biological level, the investigational gap in in vitro- 
in vivo correlations involving the tablet dosage form 
remains too wide. 


There is no doubt that the general direction that tablet 
research and development is currently taking is pro- 
gressive, but considerable room for improvement re- 
mains. This is particularly the case with respect to the 
unit operations involved in tablet technology, operations 
that are highly developed in other industries from which 
a great deal of basic information can be readily acquired. 
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Determination of Residual Ethylene Oxide in 
Methyl Methacrylate Polymer Powders by GLC 


LEE A. ZAGAR 


Abstract 0 Residual ethylene oxide was determined in methyl 
methacrylate polymer powders utilizing a gas sample procedure 
for GLC analysis. The procedure involves the use of a styrene- 
divinylbenzene column under isothermal conditions. Only relatively 
large microgram quantities are necessary to determine residual 
ethylene oxide in the parts per million range. Recovery studies 
showed that residual ethylene oxide determinations for a “hold/ 
release” situation can be accomplished in less than 30 min. 


Keyphrases Ethylene oxide residues in methyl methacrylate 
polymer powders-GLC analysis 0 Methacrylate polymer powders 
-GLC analysis, ethylene oxide residues 0 Sterilization by ethylene 
oxide-determination of residues in polymethacrylate powders 0 
GLC-analysis. ethylene oxide residues in methyl methacrylate 
polymer powders 


Previous methods for determining residual ethylene 
oxide in products that had been gas sterilized are not 
generally suitable for methyl methacrylate polymer 
powders (I-5), which are components of recently intro- 
duced “Omniplastic” bone cement kits’. These kits 
usually consist of a plastic bag which contains the 
methyl methacrylate polymer powder, a glass ampul 
which contains a solvent, and either a plastic bag or 
tray for mixing. 


The problem of residual ethylene oxide arises from 
the entrapment of the ethylene oxide in the complex 
surface structure of the polymer beads2. Since the methyl 
methacrylate polymers cannot be dissolved in, or 
“wet” with water, an aqueous extraction of the ethylene 
oxide is not possible. The only way to recover the 
ethylene oxide for analysis is by dissolving the polymer 
beads in an organic solvent such as acetone; however, 
the limited solubility of the polymer does not allow 
sufficient concentration of the residual ethylene oxide 
for direct GLC analysis using microliter-size samples 3. 


This paper, therefore, deals with a gas sampling pro- 
cedure for the determination of residual ethylene 
oxide. 


EXPERIMENTAL 


Instrumentation--A dual flame-ionization gas chromatograph 
was used4. 


Column-A coiled stainless steel column, 0.63-cm. (0.25411.) 
i.d. x 0.91 ni. (3 ft.), packed with a styrene-divinylbenzene co- 
polymer resin, 80-100 meshb, was used. 


Column Conditioning-The column was conditioned in the chro- 
matograph with helium flow overnight a t  200”. The column was 


Supplied by the L. D. Caulk Co., Milford, Del. 
2 Private communication, Dr. L. DeMerre, Bureau of Drugs, Food 


3 Private communication, J. Cresson, L. D. Caulk Co., Milford, Del. 
A Perkin-Elmer model 990, equipped with dual flame-lonlzation 


a Chromosorb 101, Johns-Manville Products Corp., New York, N. Y. 


and Drug Administration, Rockville, MD 20852 


detectors, and a Honeywell “Electronic 19” 1-mv. recorder were used. 


A 


B 


1 2 3 4 5 6 7 
MINUTES 


Figure I-Typical ckromatogram from either a gas or liquid injectioii. 
As slzowiz, the retention time for ethylene oxide is about 2 mill., 
allowing for a rapid analysis. Key: A ,  ethylene oxide; arid B ,  solcent. 


then allowed to remain a t  120” for several hours, during which 
several 1-2-pl. injections of acetone were made until a stable base- 
line was established. 


Instrument Parameters-The instrument was operated isother- 
mally at  120” with a helium flow of 30 ml./min. The air flow and 
the hydrogen flow were regulated by a restrictor built into the 
instrument. It was only necessary to optimize the flame once and, 
thereafter, to maintain the hydrogen and air flows by use of the 
regulators a t  the respective gas cylinders. The injector temperature 
was 200” and the manifold temperature was 220”. The attenuation 
range was on the order of 10 X 16 to  10 X 64. The recorder was 
operated a t  a chart speed of 5 min./in. 
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Table I-Experimental Results for Residual Ethylene Oxide from 
Sterilized Samples 


Table II-Recovery of Ethylene Oxide from Samples to Which 
Known Quantities Were Added 


Time Vacuum Residual 
after Aerationa, Ethylene 


Sterilization hr. Oxide, p.p.m. 


1 hr. 0 >200 
24 hr. 0 > 200 


2 davs 0 > 100 
8 days 


22 days 
27 days 
35 days 


0 
2 
8 


60 


> 100 
65-70 
10-12 
2-3 


a Performed in vacuum chamber at 25.4-cm. (LO-in.) vacuum while 
allowing filtered air to enter chamber at such a rate as to maintain the 
25.4-cm. (10-in.) vacuum. 


Standard Solutions-Standard solutions were prepared by dis- 
solving a suitable quantity of ethylene oxidea in acetone and diluting 
to give final concentrations of 10.0 mcg./pl. (1.0 g./IOO ml.) and 1.0 
mcg./pl. When measuring the ethylene oxide and making dilutions, 
all glassware must be cold (placed in freezer for 10--15 min. prior 
to use) so that theethylene oxide will not boil off. 


Procedure-Stuiidard Curue-Seven I-g. samples of the methyl 
methacrylate powder, which had not been sterilized, were ac- 
curately weighed and placed in 10-ml. serum vials. To six of these 
vials was added 0.5, 1.0, 2.0, 4.0, 8.0, and 10.0 mcg., respectively, 
of ethylene oxide (using standard solutions). One vial served as a 
blank. To each of the seven vials was added 1.0 ml. of acetone 
(analytical reagent). The vials were then sealed with butyl rubber  
stoppers7, swirled, and allowed to  stand for 5-10 rnin. A 1.0-rnl. 
gas sample was withdrawn from each vial with a gastight syringe 
and was injected into the chromatograph, and the chroma- 
togram was recorded. Figure 1 shows a typical chromatogram from 
such a gas injection. It is slightly unusual in that the ethylene oxide 
elutes before the solvent (acetone). Exactly 1 111. of each standard 
solution was injected into the chromatograph, and the chromato- 
grams were recorded. Thesc served as references for 10.0 and 
I .O rncg. of ethylene oxide, respectively. 


Sumple-One gram of the methyl methacrylate powder, which had 
been ethylene oxide sterilized, was accurately weighed and placed 
in a 1C-ml. serum vial. One milliliter of acetone was added, and the 
vial was sealed with a butyl rubber stopper, swirled, and allowed 
to stand for 5510 min. 


A 1.0-ml. pas sample was withdrawn from the vial and was in- 
jected into the chromatograph, and the chromatogram was re- 
corded. 


a l  30 


2 0 1  / 
/ 


I - -+ 
0 1 2 3 4 5 6 7 8 9 10 


MICROGRAMS OF ETHYLENE OXIDE 


Figure 2 -Siairdard curw for eihyletre oxide recocery. 


6 Available from K & K Laboratories. Plainfield. N. Y. 
7 Stock No. B0857, Tompkins Rubber Co.,  Plymouth Meeting, Pa. 
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Ethylene 
Oxide 


Added, Recovery, Recovery, 
Samples mcg. mcg. z 


- 0 0 
0.50 0.46 92.00 
1 .oo 0.95 95.00 
2.00 1 .Y6 98.00 
4.00 3.97 99.25 
8.00 7.65 95.63 


10.00 9.96 99.61 


After the chromatograms of the eight samples were recorded, 
the residual ethylene oxide recovered was calculated as follows: 


2 .. - 1 - 2 X 10.0 (or 1.0) = mcg. ethylene oxide (Eq. 1) 


where H ,  = ethylene oxide peak height for standard (10.0 or 1.0 
mcg.), HI = ethylene oxide peak height for sample, and H2 = 
ethylene oxide peak height for blank (should be zero). 


RESLnTS AND DISCUSSION 


Figure 2 is a standard curve of ethylerie oxide recovery in the 
0.5-10.0-rncg. range. The good lincarity shown is the basis for using 
peak height measurements as the method of calculating ethylene 
oxide recovery. 


The data in Table 1 show analytical results obtained frcm ethylene 
oxide-sterilized samples of methyl methacrylate polymer powders, 
which were allowed to  stand at  ambient conditions and which were 
aerated by use of a vacuum chamber hcld at  25.4-cm. (10-in.) 
vacuum while allowing filtered air to flow through the chamber at  
the same time. This was accomplished by adjusting the vacuum 
valve and the air intake valve until the specified conditions were 
met. 


Table 11 shows recovery data for samples to which were added 
various amounts of ethylene oxide. Thesc results indicate good re- 
covery, so that for a quick analysis, only one standard solution made 
up to a predetermined reference concentrat ion should be necessary. 
Since the retention time for ethylene oxide IS approximately 2 min., 
the analysis can be. carried out very quicb.ly for a “hold/release” 
situation. In this instance, the upper limit for residual ethylene oxide 
can be chosen as the concentration for the standard so that no 
calculations would be necessary. 


Since this procedure utilizes relatively large quantities (micro- 
grams) of ethylene oxide, the detection level can be very low, on 
the order of 1 p.p.m., which certainly is well below most acceptance 
standards for residual ethylene oxide. 


If very accurate values are to be determined, the actual volume of 
the serum vials should be measured. This vcilume is divided bv 10.0 
to  develop a factor that should be rnultip1ic:d by the numerator of 
the calculation to  obtain the correct result. In a hold/release situa- 
tion, this can generally be neglected if the rcsidue is well below the 
maximum allowable tolerance. 


The only problem encountered was in the type of acetone used. 
To avoid an extraneous peak that is eluted from the column prior 
to the ethylene oxide peak, only reagent grade or redistilled acetone 
should be used. Butyl rubber stoppers werc: selected for their su- 
perior properties for decreased moisture vapcr transmission. 


Additional work is k i n g  done to determine the feasibility of 
using this procedure to  determine ethylene chlorohydrin and 
ethylene glycol, which are sometimes encountered in ethylene oxide 
sterilization, 
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Column Chromatographic Determination of' 
Polymyxin B Sulfate 


A. HAEMERS' and P. De MOERLOOSE 


T 


. TVGON 
1.D: 0.89MM 


Abstract U A column chromatographic method for the quantita- 
tive determination of polymyxin B sulfate in bulk samples and 
pharmaceutical formulations is presented. The method is based 
on the absorption of polymyxin B on a weak cation-exchange 
resin and elution with an ionic strength gradient. Polyrnyxin B is 
determined in the eluate with ninhydrin by means of an Auto- 
Analyzer. The results are in good agreement with those obtained 
by the microbiological method. 


Keyphrases 0 Polymyxin B sulfate-analysis, column chromatog- 
raphy and ninhydrin, compared to microbiological method 0 
Column chromatography-analysis, polymyxin B sulfate 0 
Ninhydrin-analysis, polymyxin B sulfate after column chroma- 
tograp hy 


Polymyxin B sulfate is a cyclic heteropeptide anti- 
biotic, valuable in the treatment of infections caused 
by Gram-negative bacteria. It is frequently combined 
with other antibiotics to  extend the antimicrobial 
spectrum. 


The microbiological diffusion method (1 )  is the 
common method for assaying polymyxin B sulfate 
bulk samples and pharmaceutical formulations. Several 
attempts have been made to  develop chemical assay 
methods. The procedures that can be used include: 
colorimetric determination with ninhydrin reagent ( 2 ) ,  
biuret reagent (3) ,  and Folin reagent (4); gravimetric 
determination with phosphotungstic acid ( 5 ) ;  UV 
spectrophotometric determination (6); amino acid (7) 
or fatty acid (8) analyses; and methods based on optical 
rotation (9). 


Assay methods used in the pharmaceutical control 
of drugs must be specific and stability indicating. In 
the case of antibiotics, a chemical method is valueless 
if the results differ from those obtained by the micro- 
biological method. The above-mentioned chemical 
assay methods were tested (10). Results from these 
methods were found to  be in poor agreement with 
microbiological data, especially with samples con- 
taining relatively large amounts of degraded polymyxin 
B. 


Polymyxin B with low potency was prepared by 
heating active samples. A decrease in  activity of up to  
30x was obtained by heating polymyxin B sulfate 
powder i n  a closed bottle at 100" for 3-21 days. A 


DTD 


BUBBLER t" 
JACKETED 
COOLING COIL 


GRADIENT 


COLUMN 


NlNHVDRlN 
50LVAFLEX Z G O N  
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WMP 


Figure 1-Flow diagram qf apparatus for  automatic deferrninafioti 
ofpolymyxin B sulfare. 


stronger fall in activity (up to  80%) was obtained by 
heating a 2% aqueous solution of polymyxin B sulfate 
in a sealed tube at 100" for from 6 hr. to  7 days. 


Only optical rotation methods had a certain degree 
of stability-indicating value. The Cotton-curve obtained 
with polymyxin B as a nickel complex showed a change 
in shape if degraded polymyxin B was present. Never- 
theless, this method could not be used as an assay 
method. Ivashkiv (1 1) described a chromatographic 
method based on the separation of polymyxin B and 
impurities by means of a cation exchanger. The anti- 
biotic was eluted with a sodium chloride, methanol, 
and water mixture and determined with ninhydrin. 
Although in some samples this method appeared 


Vol. 61, No. 11, November 1972 0 1803 








Analyses of Ludwigia alternifolia L. for Fatty Acids 


GEORGE E. CREVAR*, LEON 0. WILKEN, Jr:, EMILIO C. MORAt, and 
H. H. DARONt 


Abstract 0 Selected extracts of the roots of Ludwigia alternifolia L. 
were examined for fatty acid content. GLC of methyl esters of 
saturated and unsaturated fatty acids provided qualitative as well 
as quantitative analyses. No unusual fatty acids were identified that 
might attribute antitumor activity to these extracts or be responsible 
for the demonstrated antimicrobial activity of L. alternijolia L. 


Keyphrases Cudwigia alternifolia L.-fatty acid content ex- 
amined Fatty acids-Ludwigiu alfernifolia content examined, 
relationship to antimicrobial activity 0 GLC-methyl esters of 
fatty acids of Ludwigia alfernifoia 


In a separate publication (I), the antimicrobial 
activity present in the defatted component extracted 
from the roots of Ludwigia alternifolia L. was reported. 
When the various defatted materials extracted from this 
plant were tested against an L-1210 lymphosarcoma 
system, at the Cancer Chemotherapy National Service 
Center, these materials showed negative results. The 
lipid fractions were not tested for antitumor activity; 
however, the lipid fractions were not observed to  exhibit 
antimicrobial activity as did the defatted components. 
It was felt that since considerable interest has been gen- 
erated by Tolnai and Morgan (2-4), involved with the 
in vitro studies of antitumor activity of certain fatty 
acids, further consideration should be given to  the 
fatty acid content of L. ulternifoliu L. Therefore, to  
determine the fatty acid contents of the fatty materials 
extracted from the roots of L. ulternifoliu L. for further 
investigation of any antitumor activity and to provide 
a more complete analysis of this plant, this study was 
undertaken. 


EXPERIMENTAL 


The methyl esters of the fatty acids were prepared from the Rosen- 
thaler Fractions A, B, and C (1, 5).  These fractions were obtained 
by extracting the air-dried, coarsely powdered roots of L. ulternifolia 
L. successively with petroleum ether (Fraction A), diethyl ether 
(Fraction B), and chloroform (Fraction C). The crude plant mate- 
rial was extracted with the aid of a soxhlet extractor for 48 hr. with 
each solvent, the marc being dried prior to the addition of the 
succeeding solvent. Each extract was then dried at room tempera- 
tureand under reduced pressure, resulting semisolid masses being re- 
served for fatty acid analyses. 


The prepared methyl esters were gas chromatographed at 150" 
using a polar column. The modified method of Goldfine and Block 
(6), involving preparation of the mercuric acetate adducts of the 
unsaturated acids and separation of these adducts from the methyl 
esters of the saturated acids by column chromatography, was 
employed and the collected eluates were analyzed. The latter pro- 


~~~~~~~ ~ ~~ 


1 Identified by John D. Freeman, Assistant Professor of Botany and 
Curator, Auburn University Herbarium (AUA Nos. 21,495 and 21,496), 
and George M. Hocking, Professor of Pharmacognosy and Curator, 
Medicinal Plant Collection (No. lolo), School of Pharmacy, Auburn 
University. 


Table I-Retention Times and Separation Factors at 180 
and 150°, Using Polar Column GLC, of Components of 
Plant Extract 


Retention Time, 
Peak -min.- ---Separation Factor"--. 


Number 180" 150" 180" 150" 


I 16.8 18.2 
I1 30.1 33.9 
IV 53.4 62.8 
V 61 0 -c 


VI 72.0 85.9 
VII 81.9 98.5 
VIII 95.6 118.0 
IX 110.0 135.5 x 127.6 157.0 
XI 146.1 175.5 
XI1 172.6 214.2 
XI11 201.8 249.5 
XIV 233.0 289.0 


1 .  35b 
1. 366 
1 . 3 8  
1.14 
1.35 
1.15 
1.33 
1.15 
I .34 
1.14(1.52)d 
1.35 
1.17 
1.35 


~ 


1.36b 
1 .  36b 
1 . 366 
-C 


1.37 
1.15 
1.35 
1.15 
1.36 
1.12 (1.49)d 
1.36 
1.16 
1.37 


X V  257.5 315.5  1.11 (1.49)d 1.09 (1.47)d 


XVII 343.6 426.5 l.lO(1.99)d 1.06(1.99)d 
XVI 312.2 402.5 1.34 I .  37 


XVIII 413.8 545.0 1.33 1.35 


Calculated to two decimal places. *,Calculated with aid of graph 
values (Figs. 1 and 2). c No value. d Modified separation factor. 


cedure was useful in distinguishing the saturated and unsaturated 
fatty acids. Quantitation as percent of total recovered amounts was 
achieved by measuring the Disc integration recordings (7). 


Formation of Methyl Esters of Fatty Acids-The test material 
(15 mg.) was placed in a Pyrex tube (16 X 150 mm.) with a Teflon- 
sealed screw cap, and 5 ml. of 2 z  sulfuric acid in methanol was 
added. The tube was sealed tightly and placed in a heating block at 
105" for 12 hr. The tube was then cooled to room temperature, 5 ml. 
of distilled water was added, and this mixture was extracted with 2 
ml. of redistilled hexane. The hexane extract was removed with the 
aid of a pasteur pipet and placed in a test tube (15 X 75 mm.). 
The extracting process was repeated three times with 2 ml. of hexane 
each time. A small amount of anhydrous sodium sulfate was added 
to the collected hexane fraction to remove moisture, the supernatant 
hexane portion was then decanted, and the remaining sodium sul- 
fate was washed with 1 ml. hexane. All hexane fractions were pooled 
and partially evaporated under nitrogen. The resulting hexane solu- 
tions of the methyl esters each were placed in individual airtight 
containers and stored in the refrigerator for future use. 


Separation of Methyl Esters of Saturated and Unsaturated Fatty 
Acids-A sample (0.5-3.0 mg.) of dry methyl esters of the fatty 
acids and a portion (l(r15 mg.) of mercuric acetate were placed in 
a culture tube (16 X 150 mm.) equipped with a Teflon-lined screw 
top, and 1 ml. of a solution containing 5 
glacial acetic acid in methanol was added. The resulting tightly 
sealed tubes were heated in a water bath at 60" for approximately 
3 min. to ensure solution of the mercuric acetate; the tubes then 
were stored in the dark at room temperature for 24 hr. The solvents 
and excess acetic acid were removed, and the residue was dried by 
evaporation under nitrogen gas at room temperature. The dry 
residue was shaken three times with 2 ml. benzene at 50-60", and 
the extracts were filtered through glass wool onto a column of silicic 
acid (1W3OO mesh). 


The silicic acid column was prepared from a slurry in benzene 
which was poured into a pasteur pipet (50 mm. in height) whose tip 
was first packed with a small quantity of glass wool. The column 
was eluted with the benzene to a total volume of 20 ml. This eluate 
contained the methyl esters of the saturated fatty acids, with the 


distilled water and 0.3 
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Figure 1-Retention times of methyl esters of fatty acids derived 
.from L. alternifolia L. plottedort alog scale against their carbon num- 
bers. Results obrainedat 150" on a polar column. 


methyl esters of the unsaturated fatty acid mercuric acetate adduct 
remaining at the top of the column as indicated by a yellow band. 
The benzene eluate was evaporated to dryness under nitrogen gas 
and stored under refrigeration as previously described. 


The mercuric acetate adducts were eluted with 10 ml. of 5 %  
glacial acetic acid in absolute ethanol. To recover the methyl esters 
of the unsaturated fatty acids, this eluate was treated with 1 ml. of 
6 N hydrochloric acid and 5 ml. of water in a culture tube (25 X 
150 nim.) with a Teflon-lined cap. After 5 min., this mixture was 
diluted with 10 ml. water and extracted with 2 ml. of hexane. The 
hexane layer was removed with the aid of a pasteur pipet. This 
extraction was repeated three times, using 1 ml. hexane each time. 
All hexane solutions were combined in a culture tube (16 X 150 
mm.) with a Teflon-lined cap and washed twice with 2 ml. water. 
The resulting hexane fractions were dried with anhydrous sodium 
sulfate as previously described. The total hexane solution was placed 
in a test tube (13 X 100 mm.), evaporated under nitrogen gas, and 
stored. 


The chromatographic assay was carried out with the aid of a gas 
chromatograph2, equipped with a flame-ionization detector, and a 
recorder3 with Disc chart integrator. A polar column [15 % EGSS-X 
on Chromosorb W (AW) 80-100] and a nonpolar column (5% SE-30 
on Chromoport SO-loo), each using a 1.5-m. (5-ft.) by 0.63-cm. 
(0.25-in.) glass U-shaped column, was used with heliumas thecarrier 
gas. The retention time (R.T.) for each peak on the recorded chro- 
matograph was measured to the nearest 0.1 mm. from the origin of 
the solvent peak to the maximum of the respective peak. 


The separation factor (S.F.) was calculated for each component 
relative to the preceding saturated component, as described by 
Landowne and Lipsky (8), according to the respective retention 
time for each component used: 


(Eq. 1 )  
R.T. of component 


R.T. of preceding saturated component S.F. = ~- 


Fand M model 402, Hewlett Packard. 
Honeywell, model 227. 
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Figure 2-Retention times of methyl esters of fatty acids derived 
from L. alternifolia L. plotted on a log scale against their carbon 
numbers. Results obtainedat 180' on a polar column. 


The separation factor increases as separation temperature in- 
creases for the methyl esters of the unsaturated straight chain fatty 
acids, but decreases as separation temperature increases for the 
saturated straight and branched chain components (8). 


The semilog plot of the log of the retention time uersus the carbon 
number of a homologous series was constructed for the identifica- 
tion of various components as previously described by Ruseva- 
Atanasona and Janak (9), Murray (lo), and James and Webb (1 1). 


RESULTS AND DISCUSSION 


The retention times and separation factors of the methyl esters of 
the fatty acids of L. alternifolia L. at 150 and 180", using a polar 
column in GC analysis, are listed in Table I. The semilog graphs of 
the retention time versus carbon number for the methyl esters are 
shown in Figs. 1 and 2. The standard mixtures of methyl esters of 
fatty acids used in this study are listed in Table 11. The retention 
times, separation factors, and graphic analyses for the methyl esters 
of the saturated and unsaturated fatty acids of L. alternifolia L., 
which were separated by the mercuric acetate method, were in 
agreement with similar experiments carried out with the standard 
mixtures. The identification of the respective methyl ester of the 
fatty acid and the average percent composition recovered for each 
component are listed in Table 111. 


Landowne and Lipsky (8) showed that the separation factor for 
the methyl ester of a saturated fatty acid is inversely proportional 
to the temperature, whereas the reverse is true for the unsaturated 
acid esters. This observation was confirmed in this analysis (Tables 
1 and 111). 


A modified separation factor was used as a means of identifying 
the di- and triunsaturated fatty acid esters: 


(Eq. 2) 
R.T. of unsaturated acid ester 


R.T. of parent-saturated acid ester S.F. (modified) = -________------ 


These values are listed in Table I and agree with similar calculations 
with a standard mixture(K108) (Table 11). 
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Table 11-Contents of Standard Mixtures of Methyl Esters of 
Fatty Acidsa 


Methyl Branched 
Esters ofb KE EF K108 MixL P O & O  


n8 :O 
n10:O 
n12:O 
i14:O 


n14 :O 
a15:O 
n15:O 
i16:O 
n16:O 
n16:l 
a17:O 
n18:O 
n18:l 
n18:2 
n18:3 
n20:O 
n22:O 
n24 : 0 


X 
X 
X 


X X 


X X 


X X 


X 
X 
X 


X 
X 
X 
X 
X 


X X 


X 
X 
X 
X 
X 


X 


X 


The standard mixtures used were obtained from Applied Science 
Labs, Inc., State College, PA 16801. b Shorthand designation of thefatty 
acids represented: n8:O is normal octanoic acid and n + normal 
straight chain, i = iso-branched chain, and a = anteiso-branched chain. 
The unsaturation is indicated by the unit to the right of colon, i.e., 
x : 1 is a monoene. 


There is indication that peak VII is a combination of i16:O and 
n15: 1. This hypothesis was supported by the chromatogram of the 
unsaturated and saturated esters after separation by the use of 
mercuric acetate. The semilog plots of the homologous series also 
support this conclusion. 


Thereweremany verysniall peaks,representingnot morethan0.1 
of the total percentage composition, which were not positively 
identified. The following components were tentatively estimated: 
i8:0, n8:0, n9:0, ilO:O, n10:0, and a17:O; they are not listed in 
Table 111. 


The peak estimated to be a17:O was, for the most part, masked by 
n16:1, peak IX. There was difficulty in separating these saturated 
and unsaturated esters using mercuric acetate because of the relative 
minute quantity of a17:O. However, by comparison with the stan- 
dard, Branched Mix L, the calculated separation factors, and the 
semilog graphics, peaks of this nature could be estimated. 


The other minor peaks mentioned appeared early on the chroma- 
tograph where resolution was not as discrete or was masked by the 
solvent peak. In several cases, there was good resolution, but the 
peak was too minor to be considered. 


The use of a nonpolar column provided confirmation for the 
qualitative aspect of this study. A reversal of the unsaturated fatty 
acid peaks was observed. The unsaturated fatty acid methyl esters 
were eluted from the column before the saturated components. 
However, in many cases the peaks of the unsaturated esters will 
mask those of the branched chain’saturated esters. In addition, the 
mono-, di-, and trienes are grouped under one peak, rather than 
under separate peaks, as was observed with the polar column. This 
nonpolar column was not considered necessary for the quantitative 
studies of this sample. 


The quantitative results are listed in Table 111. The average per- 
centage composition of the recovered sample is listed for each 
component present in quantities greater than 1%. These results 
involved only the polar column chromatographs. 


No attempt was made to explain the differences observed in the 
fatty acids and their respective concentrations found in the Rosen- 
thaler Fractions A, B, and C from the roots of L. alternifolia L. 


SUMMARY AND CONCLUSIONS 


The identification of the respective methyl esters of the fatty 
acids of L. ulfernifolia L. and the average percent composition 


Table 111-Identification of Respective Methyl Esters of Fatty 
Acids and Average Percent Composition Recovered 
from Each Fraction 


Fatty Acid -Percent Compositiona- 
Number Identification A B C 


Peak 


I 
I1 


IV 
V 


VI 
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
XIV 


n10:O -b 
n12:O -b 


n14:I -b 
n14:O 2.3 


n15:O 1.9 
n15:l and i16:O 2.3 


n16:O 27.1 
n16:l 5.4 
n17:O 2.2 
n16:2 4.2 
n18:O 9.4 
n18:l 20.9 
n19:O 1.5 


xv 
XVI 


XVII 
XVIII 


XIX xx 


n18:2 16:l 
n20 : 0 5.5 
n18:3 2.3 
n21 :O 1.42 


n24 : 0 -c 


n22:O 4 


-b 4 
-b -b 


-b -a 
2.7 2.6 


1.9 3.2 
1 .8  3.0 


29.0 25.7 
5.4 8.3  
2.6 2.1 
8 . 3  14.6 
6.1 5 . 1  


10.4 9.1 
1 .2  -b 


20.4 20.0 
2.6 2.4 
2.6 2.6 
1.7 -b 
4 -b 
4 -a 


a A = petroleum ether fraction, B = diethyl ether fraction, and C 
= chloroform fraction. b Less than 1 % of total. c Average of three de- 
terminations. 


recovered from each fraction (A, B, and C) are listed (Table 111). 
Although the fatty acids determined are predominately the common 
C-16 and C-18 saturated and unsaturated ones, small percentages of 
the less common C-15, (2-17, and C-19 acids were identified. Those 
acids found in significant proportions could be expected in higher 
plants and could not be expected to possess antitumor activity nor 
to be responsible for the antimicrobial activity demonstrated to be 
present in L. alternifolia L. 
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Decomposition of Benzoic Acid Derivatives in Solid State 


J. THURg CARSTENSEN’ and MAHMOUD N. MUSA 


~ 


Abstract 0 A series of solid, substituted benzoic acids (p-XC&- 
COOH), which decompose into a liquid (xC6I-h) and carbon diox- 
ide, were studied. For decomposition to take place below the melt- 
ing point, the u value must be less than -0.35; the decomposition 
then follows Bawn-type kinetics. Neither solid (ks)  nor liquid (kz) 
decomposition constants show isokinetic relations at their melting 
points. However, log k ,  is proportional to l/Tm, where T,  is the 
absolute melting temperature, much as was found for vitamin A 
esters. 
Key phrases Decomposition rates of solid compounds-p-sub- 
stituted benzoic acid derivatives 0 Solid-state decomposition- 
p-substituted benzoic acid derivatives 0 Benzoic acid derivatives- 
solid-state decomposition, rate constants 


~ 


Many studies have been conducted related to decom- 
position rates of solid compounds. A great majority 
of these have concerned inorganic salt decompositions 
[carbonates (1-9), oxalates (1&17), and permanganates 
(18-21)], and several general patterns have been pro- 
posed as primary mechanisms in the decompositions; 
most notable of these are the Prout-Tompkins model 
(21) and the power laws (22-25). Some studies have 
been reported in the pharmaceutical literature, notably 
the ones by Leeson and Mattocks (26), by Kornblum 


and Sciarrone (27), by Garrett et al. (28), and by 
Guillory and Higuchi (29). 


Attempts to correlate decompositions in the solid 
state with usual substituent parameters in homologous 
series have not met with success. Dorko et a2. (30) 
found no such correlation in a study of substituted 
tosylates, and Meyers et al. (31) found that in the re- 
action R’COONa + R”C0OH + R’COOH + 
R”COONa, substituent u values were the governing 
parameters in that u’ would have to be larger than u” 
for the reaction to occur; this, in essence, is paramount 
to the time-tested rule that “the stronger acid drives 
out the weaker acid.” The latter two studies aimed at  the 
importance of the chemical factors involved in reactivity 
in the solid state; whereas, in general, physical pa- 
rameters (active sites, dislocations, efc.) have been the 
bases for proposed hypotheses. 


The pharmaceutical literature has partially touched 
upon the importance of liquid layers as mediators of 
the actual decompositions (26, 29), whereas the re- 
maining great majority of the cases cited dealt with re- 
actions of the type solid + solid + gas. The work deal- 
ing with aspirin anhydride (28), as well as the work 
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Table I-Data Relating to Physical and Chemical Characteristics of para-Substituted Benzoic Acids, XCaHEOOH 


Molecular Density, Melting 
X Weight g . / ~ m . ~  Crystal System u Value Reactivity Point 


- 122.12 1.2659 Monoclinic 
137.13 - Monoclinic 


CHINH 151.15 - - 
NHz 


(CHa)zNH 165.17 - - 
OH 138.12 1.443 Monoclinic 
c1 156.57 1.541 Triclinic 
NO2 167.12 1.550 Monoclinic 


140.11 1.479 Monoclinic 
152.14 I .  385 Monoclinic 
166.17 - - 
194.22 - - 
136.14 - - 


~ 


.o 
-0.66 
-0.59 
-0.83 
-0.36 
+0.23 
+0.78 


+0.06 
-0.27 
-0.25 
-0.32 
-0.17 


+ + + + 
- (secondary 


reactions) 


- 


- 


122" 
188" 
163" 
241 O 


215" 
243" 
242 


182" 
184" 
195" 
148 O 


180" 


dealing with vitamin A esters (29), pointed to the im- 
portance of liquid phases in pharmaceutically im- 
portant substances. In the study reported here, reac- 
tions of the type solid + liquid + gas were selected. 
For instance, most acetylated compounds forming 
acetic acid would fall in such a category and, therefore, 
an insight into such a class of reactions would be 
valuable. 


It is obvious from literature reports that crystal 
size, polymorphic forms, and lattice perfection are 
parameters of importance; in studying a series of com- 
pounds to elucidate chemical parameters, it is of im- 
portance to select a series that minimizes these non- 
chemical factors. For this reason, this report deals with 
substituted benzoic acids. These all crystallize in iden- 
tical or very closely related morphological systems; 
particulars are given in Table I. All the reactive acids 
in the series decompose to a liquid and a gas; e.g., 
p-aminobenzoic acid decomposes to carbon dioxide 
and aniline. 
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Figure I-Decomposition curves of p-uminobenzoic acid. 


EXPERIMENTAL AND RESULTS 


All raw materials were used as received from the supplier'. The 
surface areas calculated from particle-size distribution of the com- 
pounds were close; e.g., p-aminobenzoic, p-hydroxybenzoic, p- 
methylaminobenzoic, and p-dimethylaminobenzoic acids had sur- 
faceareas of 0.55,0.42,0.36, and 0.41 m.l/g., respectively. 


Conventional apparatus, such as those described by Prout and 
Herley (33) and Galwey (19), as well as thermal methods cannot be 
used in the series described here because of the sublimation ten- 
dency. For this reason, decompositions were conducted in the fol- 
lowing manner: 10/30 joints were fused onto both ends of 8-mm. 
i.d. (10-mm. 0.d.) breakseal tubesz. Then 250 mg. of the solid to be 
tested was weighed into the back end of the tube; this was narrowed 
down over a 2-cm. length and was then attached to a high vacuum 
rack and degassed thoroughly at less than 0.5 mTorr pressure. The 
back end of the breakseal tube was then sealed off at the constriction, 
leaving the solid in the hermetically sealed vacuum of the back end 
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Figure 2-Decompositiotz curves of p-dimethylaminohenzoic acid. 


1 Aldrich Chemical Co., Inc., Milwaukee, WI 53233 
2 Catalog No. 6001, Eck and Krebs Scientific Laboratory Glass 


ApparatusInc., Long Island City, NY 11101 
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Figure 3-- Decompositiotr crirces of p-Iiydroxyberrzoic acid. 


of the tube. This was then exposed to the desired temperature for 
the desired length of time in thermostatically controlled ovens3; 
these ovens maintain a temperature within =k0.5". A piece of iron 
metal was placed in the front (open) end of the breakseal tube, which 
was then attached a t  the 10/30 joint to the vacuum rack, and the 
system was thoroughly degassed. By manipulating a magnet ex- 
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Figure 4-Decomposition ciirces of p-mi~tlrylamirrobetrzoic acid. 


3 Model 1302, Hotpack Corp.. Philadelphia, PA 19135 
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Table II-Decomposition Rate Constants for Gas Phase 
Decomposition at  Saturation Pressure of Some 
Substituted Benzoic Acids 


Rate Con- 
Compound Temperature stant, hr.-l 


pAminobenzoic acid 145" 0.017 
p-Hydroxybenzoic acid 185" 0.007 
p-Methylaminobenzoic acid 133" 0.018 
p-Dimethylaminobenzoic acid 195" 0.022 


ternally to the tube, the capillary of the breakseal tube was broken 
and the evolved gas was allowed to  escape into a space of known 
volume. 


Subsequent to the experiment and disassembly, the volume of the 
breakseal tube was determined with water calibration; these vol- 
umes were always between 7 and 8 cm. a. The pressure was measured 
with the standard manometer of the rack or with a high compression 
ratio McLeod gauge (341, and the number of moles of gas evolved 
was calculated by the gas law. A cold finger in the setup was cooled 
with liquid nitrogen; the manometric pressure would return to 
zero, indicating that only carbon dioxide (not oxygen, nitrogen, 
nitric oxide, or carbon monoxide) was evolved. The decomposition 
was checked a t  one temperature for each compound cia titration 
of the remaining solid; the number of moles of carbon dioxide 
evolved, found by gas analysis, was found to correspond to loss in 
titer. Several experiments were conducted for each compound where 
a removable cold finger was cooled with liquid nitrogen after gas 
analysis. Cooling was continued for 5-10 hr., and the condensate 
(after evaporation of carbon dioxide), usually only a drop, was 
checked spectrophotometrically. In each case, the spectrum matched 
the spectrum of the expected decomposition product. 


Typical decomposition curves are shown in Figs. 1-4. The ac- 
curacy of the points, as determined by triplicate determinations, 
in several instances, is 3 ~ 2 2 .  Of the 12 compounds tested (Table 
I), only four were reactive. 
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Figure 6-Apprrratus for derermiiiiiig vapor pressure of para-sub- 
stiiirted beiizoic acids. The marrometer AEF is made by plucitig 
mercury in the U-tube AEF, attaching both 10130 joints to a vacuum 
rack, evcrcrrutirig, mid seuliiig off a i  A as sliowii. D is tlie sample bulb. 


At longer decomposition times, the tubes were observed hourly 
and the point a t  which the sample was completely liquid was ob- 
served. The extent of decomposition was determined experimentally 
as already described, allowing calculation of the solubility of the 
substituted benzoic acid in its degradation product (substituted 
benzene). In this case, the accuracy was dependent on the fact that 
complete liquefaction was determined timewise, with an accuracy 
of 1 hr. From a knowledge of the slope of the decomposition-time 
curve, the accuracy can be determined. For example, the decomposi- 
tion of p-aminobenzoic acid a t  145" caused liquefaction a t  a time 
higher than 99 hr. and less than 100 hr., at which times the mole 
percents decomposed were, respectively, 56.2 and 57.2. The solu- 
bilities in moles of p-aminobenzoic acid per mole of aniline corre- 
sponding to these figures were 43.8156.2 = 0.779 and 42.8157.2 = 
0.748; these two figures differ by 4%, so the accuracy of the solu- 
bility is of this order of magnitude. Solubilities of four acids in their 
decomposition products are shown in Fig. 5. 


It shall become apparent in the following discussion that the 
possibility of gas phase-mediated decomposition cannot be dis- 
carded u prior; as a route of decomposition. To test the extent to 
which decomposition in the gas phase plays a role, gas phase de- 
compositions were conducted. Samples of the acids in vapor phase 
at  saturation pressure were prepared in breakseal bulbs4 by using 
essentially the same procedure as already described. By knowledge 
of the bulk volume and the saturated vapor pressure, exactly the 
amount of solid required to fill the space in the bulb was introduced 
into it. Since these amounts are small, the acid was introduced as a 
1 methanol solution; the methanol was evaporated by degassing 
at  25" for 15 min. Model experiments showed that this length of 
time sufficed to evaporate the methanol and yet was not sufficient 
for substantial amounts of the acid to sublime of€ (as determined by 


4 Catalog No. 6010, Eck and Krebs Scientific Laboratory Glass 
Apparatus Inc., Long Island City, NY 11 101 
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p-Aminobenzoic acid 135" 0.030 0.023 
140" 0,039 0.050 
145 O 0.064 0.076 


titration). The bulb was then placed a t  the higher temperatures 
(allowing evaporation of the solid into the now closed bulb), and 
decomposition was determined after suitable lengths of time. The 
results are shown in Table 11. The preceding experiment requires 
knowledge of the saturation vapor pressure of the acids at  various 
temperatures. This information was obtained by attaching a side- 
arm with a 10/30 joint and a small sample bulb to a closed manom- 
eter, as shown in Fig. 6. The acid was placed in the sample bulb, 
and the tube leading to  the 10130 joint was narrowed down over a 
2-cm. area. The assembly was then attached at  the joint to the 
vacuum rack, degassed, and sealed off under vacuum. The entire 
assembly was submerged in mineral oil, which was then heated to 
various temperatures; the pressure differences were recorded by 
means of a precision cathetometers. The difference in mercury 
height was then converted to  difference a t  25" by adjustment ac- 
cording to  the density of mercury a t  the two temperatures (35). 
The vapor pressures adhere to a Clausius-Clapeyron relationship, 
within experimental error as shown in Fig. 7. The data imply that 
there is no phase transition in the studied temperature interval. 


It has been pointed out that there is a particular point of com- 
plete liquefaction; beyond this point the substituted benzoic acid 
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Figure 7- Vapor pressure of u series of para-subsiituied benzoic 
acids (Torr). Key: A (€I), aniiitobciizoic acid: B (a), dimeihylamino- 
benzoic acid; C (@), hydroxybetizoic acid; and D (O), methylumino- 
benzoic acid. Arrows denote scale to wliich liiie refers. 
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remaining intact is in solution, and further decomposition takes 
place uia simple solution kinetics. Plots of points beyond the lique- 
faction point show that the decomposition is pseudo-first order; 
the liquid decomposition rate constant, kl, can be evaluated from 
such data. The ki values estimated in this fashion are shown in 
Table 111. Employing this approach in evaluating kl is not gratifying, 
particularly since the pressure buildup in the reaction tubes becomes 
prohibitive; complete decomposition of 250 mg. of p-aminobenzoic 
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Figure 9-Plot of the solid-state decomposition constant, k,, as a 
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Figure 10-Pior of the decomposirion rate consrant, kl, of a series 
of para-substituted benzoic acids in solution in their decomposition 
product; log kl is plotted versus 1000 T. Key: A (a), aminobenzoic 
acid; B (Q), dimethylaminobenzoic acid; C (O),  hydroxybenzoic acid; 
and D (0), methylaminobenzoic acid. Arrows denote scale to which 
line refers. 


acid in a 7-ml. tube at 145" yields a pressure of 0.250.82.41817. 
137 = 9 atm. Experiments in which solid acid and a liquid decom- 
position product were introduced into tubes were not successful; 
the initial degassing is difficult, and sealing the sample of f  by drawing 
the glass a t  the constriction almost invariably causes leaks in the 
breakseal tube. 


DISCUSSION 


During the decomposition of the solids in this study, there will 
be (after an initial lag time) liquid decomposition products present; 
the lag time is, of course, dependent on the vapor pressure of the 
decomposition product and the volume of the vessel (about 7 ml.); 
once decomposition exceeds the number of moles necessary to 
saturate the space above the solid, the liquid decomposition product 
will appear on the solid. Let k ,  be the rate constant of the solid de- 
composition, and let ki be the rate constant of the decomposition 
of the solid when in solution in its liquid decomposition product. 
At time t ,  a mole fraction x is decomposed so that there are x moles 
of liquid decomposition product and (1 -- x)  moles of intact acid 
left; of these, S . x  moles are in solution, where S is the solubility of 
the substituted benzoic acid in its decomposition product (in moles 
per mole). The amount left in the solid phase is, therefore, (1 - x - 
S . x )  and the amount in solution is S . X .  Therefore, by assuming 
first-order decomposition (36) : 


* = k , . [ l  - x - S.x ]  + k r . S . x  = k .  + C Y . X  (Eq. 1) dt 


where: 


CY = S*k i  - S . k ,  -. ka 03. 2) 


Integration and application of initial conditions to  Eq. 1 lead to: 


log (1 + . x )  = 23 (1 . t 


By inserting a series of arbitrary values for A = a / k ,  and plotting 
log [l + A . x ]  uersus I ,  traces will result which, at high time values, 
will appear linear and have positive or negative y-intercepts. By 
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Figure 11-Logarithm of the solid-state decomposition constant for 
a series of benzoic acids as a fun~tion of the reciprocal of their ab- 
solute melting temperatures. 


methodical series of choices, a value for A can be found that pro- 
duces a line with zero intercept. This is exemplified in Fig. 8. The 
value of A yielding linearity ( A  = 426.5) and a zero y-intercept was 
found by computers; only the one value of A yielding a zero y- 
intercept actually imparts linearity to the data; this is exemplified 
by insertion of the dotted lines in Fig. 8. 


The value of a can now be obtained from the slope and, because 
A is known, k, can be found ( k ,  = a /A) .  Insertion of the values of 
k ,  and S (in moles per mole) into Eq. 2 then yields the value for ki. 
Both k ,  and kr adhere to an Arrhenius relation, and these plots are 
shown in Figs. 9 and 10. 


It should be noted at this point the reactions cannot be explained 
by vapor phase reactions, partly because of the magnitudes of the 
figures in Table 11 and partly because such a scheme would dictate 
a strict zero-order relationship which is contrary to  the findings. 
For example, it is seen (Fig. 7) that at 145" the saturation pressure 
for p-aminobenzoic acid is about 10 Torr = 1/76 atm. The vapor 
phase decomposition rate is given by dC/dt = klCo, where kl is the 
first-order rate constant listed in Table I1 (kl = 0.017 hr.-l) and 
where Co is the number of moles in the gas phase; i.e., dC/dt = 
0.017.7/(76.82.418) = 4.6.10-a mole/hr. This assumes that de- 
composing molecules in the gas phase are immediately replaced by 
sublimation from the solid phase. After 100 hr., 4.6.10+ mmole 
would, therefore, be expected to have decomposed in the gas phase, 
as opposed to a total of 0.5.250/137 = 0.9 mmole found to de- 
compose experimentally (Fig. 1). The order of magnitude of the gas 
phase decomposition is, therefore, at about two orders of magnitude 
less than that in solid and solution in the system. 


Some kr values found from a values are listed in Table 111, along 
with values found from decomposition determinations beyond the 
liquefaction point. There is agreement to within 20% of the values 
found one way as opposed to those found the other way; such order 
of magnitude of agreement is support for the views of the general 
decomposition scheme voiced here. 


It would, therefore, appear from the data that the decomposition 
takes place via two paths: (a)  a solid decomposition with reaction 
rate k,, and (b)  a liquid decomposition with reaction rate ki. The 
original question as to whether chemical factors are of importance 
in a homologous series such as the one studied here can be answered 
directly by making reference to Table I. It is quite obvious that 
o d y  the derivatives in fhe betzzoic acid series with u 7 -0.36 undergo 


6 Univac model 1108. 


decurboxylution at temperatures below their melting point. Although 
this is not the type of quantitative relationship usually encountered 
in Hammett linear free energy plots, it is a distinct qualitative con- 
clusion, somewhat akin to the nature of the conclusions by Meyers 
et al. (31). 


There is, however, an interesting conclusion to be drawn from 
the data, similar to the findings of Guillory and Higuchi (29). 
These authors found that for a series of vitamin A esters, the de- 
composition (isomerization) at 50" proceeded with a rate, k ,  that 
was related to the melting point of the compound by the equation 
log k = 0 + Q/T,,,, where T,  was the absolute melting tempera- 
ture. Although the hypothesis put forth by these authors involved a 
liquid layer and (in the framework of this study) would relate k to 
kl, and hence cannot apply to the k ,  values here, it is seen from the 
lines in Fig. 11 that the same type of. relation holds for k ,  in this 
series. 
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Opium Alkaloids XII: Quantitative Determination of 
Morphine in Opium by Isotope Dilution 


EINAR BROCHMANN-HANSSEN 


Abstract A method was developed for quantitative determination 
of morphine in opium based on the isotope dilution technique. 
M0rphine-2-~H and morphine-N-14CH3 are used as radioactive 
standards. A mixture of opium and the radioactive morphine 
standard is triturated with dimethyl sulfoxide, dispersed on di- 
atomaceous earth and acidic aluminum oxide, and suspended in 
water. The aqueous suspension is transferred to a chromatographic 
column of acidic aluminum oxide, and the alkaloids are eluted 
with water. Alternatively, the mixture of opium and radioactive mor- 
phine is triturated with a little water and dispersed on diatomaceous 
earth, and the alkaloid bases are liberated with ammonia. The 
powder mixture is transferred to a column of neutral aluminum 
oxide and eluted with chloroform-isopropyl alcohol (3 : 1). Phenolic 
and nonphenolic alkaloids are separated by extraction at pH 13, 
and morphine crystallizes from the aqueous phase after adjust- 
ment of pH to 9. The crystals are collected and recrystallized to  
constant radioactivity. Both extraction methods gave the same re- 
sults. No loss of tritium occurred during the assay, and morphine- 
2-3H and morphine-N-%H3 were equally satisfactory as radio- 
active standards. The method is specific for morphine, has good 
precision (0.473, and requires no elaborate technique. 


Keyphrases Opium alkaloids --analysis of morphine in opium 
by isotope dilution 0 Morphine, in opium-analysis, isotope 
dilution method Isotope dilution method-analysis, morphine 
in opium 


The lime method for assay of opium has remained 
relatively unchanged through several revisions of the 
USP (1). Nevertheless, i t  is well recognized that this 
method leaves much to  be desired and does not give an 
accurate estimate of the morphine content of opium 
(2-4). In recent years, many attempts have been made 
to overcome the problems associated with the lime 
method and to devclop assay procedures with better 
precision and accuracy. 


DISCUSSION 


Many modern pharmacopeias have adopted modifications of the 
method proposed by Mannich ( 5 )  in 1935, in which an aqueous 
solution of morphine is reacted with I-chloro-(or fluoro)2,4- 
dinitrobenzene in the presence of base. The slightly soluble dinitro- 
phenyl ether of morphine crystallizes and can be determined 
gravimetrically or volumetrically. The extraction of morphine from 


opium is usually achieved with water or alcohol, and a partial puri- 
fication is obtained by means of a chromatographic column of 
aluminum oxide. The many modifications of this technique were re- 
viewed by Schultz and Schneckenburger (6). Loss of morphine may 
result from a slight solubility of the dinitrophenyl ether (3, 6). At 
the same time, the crystalline precipitate is often contaminated with 
minor opium alkaloids, with aluminum hydroxide, and with excess 
reagent or the corresponding phenol or ainine (2, 3, 6, 7). 


Othermethodsproposed fortheassay of opium make useof liquid- 
liquid extraction techniques (%I]),  ion-exchange resins (12-14), 
partition or adsorption chromatography ( 1  5-18), paper chromatog- 
raphy (19-21), TLC (22). GC (23), UV and IR spectrophotometry 
(17, 18, 22, 24, 25), colorimetry (11-13, 19, 20, 26, 27), and polarog- 
raphy ( I  1,28,29). Although some of these methods may be superior 
to the USP lime method, no assay procedure reported to date is 
specific for morphine. 


It is extremely difficult t o  obtain a coniplete separation of mor- 
phine from the complex mixture of alkiloids and nonalkaloidal 
matter associated with it  without losing morphine in the process. 
Therefore, specificity can probably be achieved only by using a se- 
lective method for the quantitative estimation. The isotope dilution 
technique is such a method of exceptional selectivity. The principle 
of this method is t o  add a known amount of radioactive morphine 
standard to  a sample of opium and then to  isolate morphine and 
purify it to constant radioactivity. The difference in specific activity 
of the isolated morphine as compared t o  that of the radioactive 
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RESEARCH ARTICLES 


Effects of Therapeutic Agents on 
Cyclic AMP Metabolism In Vitro 


I. WEINRYB, M. CHASLN, C. A. FREE, D. N. HARRIS, H. GOLDENBERG, I. M. MICHEL, 
V. S. PAIK, M. PHILLIPS, S. SAMANIEGO, and S. M. HESSA 


Abstract One hundred and fifty-eight compounds representing 49 
classes of therapeutic agents were examined for their effects on 
steroidogenesis in isolated rat adrenal cells, on lipolysis in isolated 
rat lipocytes, on the activity of guinea pig lung adenylate cyclase, 
and on the activity of rat brain and cat heart cyclic nucleotide phos- 
phodiesterase preparations. Classes of drugs active in the CNS ap- 
peared particularly active in the in citro systems investigated, as did 
antiparasitic agents. Experience with general screening of com- 
pounds for effects on phosphodiesterase activity, along with data 
reported here, indicated a correlation between compounds with 
pharmacological activity ; / I  riro and inhibition of phosphodies- 
terase activity iir citro. This is not to  say that the pharmacological 
activities of the compounds necessarily arise from alterations of 
adenosine-3 ' , 5  '-monophosphate (cyclic AMP) metabolism. 


Keyphrases 0 Cyclic AMP metabolism. ill citro-effects of 158 
compounds (49 classes of therapeutic agents) 0 Adenosine-3',5'- 
monophosphate metabolism, i/r z*;tro-eRects of 158 compounds 
(49 classes of therapeutic agents) 0 Phosphodiesterase activity-49 
classes of therapeutic agents Cyclase activity-49 classes of ther- 
apeutic agents Lipolysis activity--49 classes of therapeutic agents 
0 Steroidogenesis activity-49 classes of therapeutic agents 


The role of adenosine-3 ' , 5  '-monophosphate (cyclic 
AMP) as a "second messenger" in various biological 
processes was the subject of several recent reviews (1-5). 
These reviews amply documented the wide range of 
cellular responses to hormone stimulation mediated by 
this nucleotide. The large variety of processes mediated 
by cyclic AMP raised the possibility that some com- 
pounds which have demonstrated pharmacological 
effectiveness might act via effects on these processes. In 
this study, members of a variety of drug classes were 
examined in an effort to identify those agents capable 
of interacting with cyclic AMP-related systems and/or 
enzymes. 


Forty-nine therapeutic classes were chosen for ex- 
amination. The agents representing each class were 
chosen arbitrarily; an effort was made, however, to  
include as wide a range of chemical structures as possi- 
ble. All of the drug classes have shown activity in  
humans, although several experimental compounds that 
possess pharmacological activities in animals but have 
not yet been administered to  man were included in this 
survey. 


Drugs were evaluated for their effects on the follow- 
ing systems: (a) epinephrine-activated lipolysis in fat 
cells isolated from rat epididymal fat pads, (b)  ACTH- 
activated steroidogenesis in cells isolated from the rat 
adrenal gland, ( c )  cyclic AMP degradation by partially 


purified preparations of cyclic nucleotide phosphodi- 
esterase from rat brain and cat heart, and (d) cyclic 
AMP synthesis by a particulate fraction from guinea 
pig lung containing adenylate cyclase activity. 


The systems chosen represent an effort to  include a 
spectrum of cellular and subcellular preparations and 
tissues that would provide an indication of interaction 
between the drugs of interest and cyclic AMP metabo- 
lism in animals. Thus, phosphodiesterase preparations 
were chosen from CNS and peripheral tissues. The two 
cell systems utilized are unrelated in function and ex- 
hibit widely different characteristics. The hormonally 
induced responses of both cell types have been shown 
to be cyclic AMP mediated (6-10). The examination of 
the effects of drugs on these cells introduces, in addition 
to influences upon the enzymes that synthesize and de- 
grade cyclic AMP, the factors of plasma membrane 
permeability, possible cellular compartmentalization of 
cyclic AMP synthesis and degradation, and interactions 
of cyclic AMP with intracellular macromolecules. 


EXPERIMENTAL' 


Epinephrine-Stimulated Lipolysis-Li pocytes were prepared from 
distal segments of rat epididymal fat pads by the method of Rod- 
bell (12), using 2% albumin rather than 4:4; glucose wa5 eliminated 
from all steps in the procedure. Five milligrams of collagenase/g. of 
fat was used in the digestion of the minced fat. Male Sprague- 
Dawley rats (125-225 g.), allowed free access t o  both food and water 
prior t o  sacrifice by decapitation, served as the source of the fat. 
Following three washes, the cells were suspended in seven times the 
packed cell volume of Krebs-Ringer phosphate- albumin buffer 
(12). One-milliliter aliquots of this cell suspension were added t o  
plastic scintillation vials containing the buffer, epinephrine (as 
described later), and the drug t o  be tested, bringing the final in- 
cubation volume t o  2.5 ml. After gentle mixing, the vials were 
capped and incubated at  37" for 1 hr. in a water bath2, a t  a shaking 
rate of approximately 160 c.p.m. 


1 L-Epinephrine bitartrate was purchased from Calbiochem and was 
dissolved together with an equal weight of ascorbic acid (Calbiochem) 
to retard oxidation. ACTH was obtained from Sigma, and its potency 
was estimated to be 112 I.U./mg. by comparison with an international 
standard, as described previously (1 I ) .  Isoproterenol (isopropyl arter- 
enol) was a product of Schwartz/Mann. ATP and N A D  were products of 
Calbiocheni. a-3'P-ATP was obtained from International Chemjcal and 
Nuclear Corp. or from New England Nuclear Corp. 8-3H-Cychc AMP 
and unlabeled nucleotide were from Schwartz/Mann. Snake venom 
(Ophiophagus hanmh)  was from Slgma, and glycerolkinase and a-glyc- 
erol phosphate dehydrogenase were from Boehr~nger Mannhelm. 
Collagenase (Code CLS) was obtained from Worthington. Therapeutic 
agents were obtained from the chemical collection of the Squibb In- 
stitute. Buffer constituents and other reagents were of the highest 
quality generally available. 


2 New Brunswick Scientific Gyrotory shaker. 
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Following incubation, the reaction was terminated by the addi- 
tion of 0.5 ml. of 3 M HCIOa. The vials were shaken with a Vortex 
mixer and centrifuged3 for 15 min. at  2000 r.p.m. and room tem- 
perature. The supernatant fractions were then decanted into sample 
cups of an AutoAnalyzer and assayed for glycerol enzymatically by 
the method of KO and Royer (13). Briefly, this method measures 
conversion of oxidized NAD during the concomitant conversion of 
glycerol to dihydroxyacetone phosphate, using glycerolkinase, 
ATP. and a-glycerol phosphate dehydrogenase. The NADH pro- 
duced was measured fluorometrically wth a spectrophotofluorom- 
eter4. This method allows quantitation of glycerol in subnano- 
mole amounts. 


Each drug was tested a t  10, 50, and 100 p M  in the presence of 
sufficient epinephrine (usually about 1 X lo-' M )  to activate 
lipolysis t o  about 30% of maximum (200-600 nmoles glycercl re- 
leasedihr.). In this way, both stimulatory and inhibitory compounds 
could be detected. Stimulatory compounds were compared each 
day to theophylline, a potent lipolytic agent (14), and these results 
were calculated as percent activity of equimolar theophylline. The 
data for inhibitory compounds are presented as percent inhibition 
of the epinephrine-activated lipolysis. For compounds that in- 
hibited epinephrine-activated lipolysis by 50% or more at  100 p M ,  
the concentration inhibiting lipolysis 50% (Iso) was interpolated 
from dose-response curves obtained for these compounds. 


Every agent was tested for its effect on the fluorometric assay 
of glycerol, both for intrinsic fluorescence and for quenching of 
fluorescence. Those compound? that inteifered are so indicated in 
Table I .  Water-insoluble compounds were dissolved in dimethyl 
sulfoxide; solvent controls revealed no effect on lipolysis at  the 
levels added. 


ACTH-Stimulated Steroidogenesis-The preparation and incuba- 
tion of suspensions of isolated rat adrenal cells were performed as 
described previously (1 I). Decapsulated adrenal quarters from male 
Sprague-Dawley rats were suspended in a buffer of Krebs-Ringer 
bicarbonate-albumin-glucose, pH 7.4, containing bovine albumin 
(3 g./100 ml.) and glucose (0.2 g./100 ml.). Collagenase ( 5  mg./ml.) 
was added to  quarters of 32 adrenals in I0 ml. of buffer. The tissue 
was digested for I hr. a t  35", under 9 5 2  oxygen-5% carbon di- 
oxide, in a water bath* oscillating a t  120 c.p.m. After digestion, the 
tissue was gently dispersed by repeated passage through a Pasteur 
pipet. The suspended cells were collected by centrifugation at 4" 
for 10 min. at  480Xg, followed by two cycles of washing and re- 
centrifugation in the original volume of buffer. The washed-cell 
pellet was then resuspended in buffer (1 adrenalid.)  and filtered 
through a stainless steel sieve with perforations of 0.2 mm. to re- 
move any large particles of undigested tissue. 


Control and drug incubations were conducted in buffer, including 
I ml. of adrenal cell suspension and 0.05-0.10 m u .  ACTH/nil. 
(1-2 X l0-Io M), a concentration of the hormone sufficient t o  
produce 20-50% of the maximum steroidogenic response of the 
cells. Final drug concentrations of up to  200 p M  were attained by 
the inclusion of up to  0.1 ml. of aqueous drug solutions in the in- 
cubation mixtures. Drugs insoluble in water were prepared as con- 
centrated solutions in dimethyl sulfoxide and were added in volumes 
of up to  0.01 ml. to the incubation mixtures. Final volumes of the 
incubation mixtures were adjusted to  2.5 ml. by addition of ap- 
propriate volumes of buffer. Cells were incubated for 2 hr. at  35" 
under 95 % oxygen-5 % carbon dioxide. 


Determinations of corticosterone, by fluorescence in sulfuric 
acid-ethanol, were performed on 2-ml. aliquots of the incubation 
mixtures as previously described (11, 15). The possibility of direct 
interference of the drugs in the corticosterone determinations was 
ruled out by parallel determination of the effect of analogous drug 
concentrations on fluorescence of corticosterone standards. Those 
drugs that significantly raised or lowered the fluorescence of corti- 
costerone standards were considered to interfere with the test and 
are so indicated. 


Cyclic Nucleotide Phosphodiesterase Assay-Cyclic 3 ' , 5  '-nu- 
cleotide phosphodiesterase from rat brain and cat heart was par- 
tially purified by a modification of the procedure of Brooker er d. 
(16). A 1--2-kg. mongrel cat or 10-12 male Sprague-Dawley rats 
(150-200 g.) were sacrificed by cervical dislocation or decapitation, 
respectively. The cat heart and rat brains were immediately placed 


on cracked ice, and the following steps were carried out at  0-4". 
The organs were minced and homogenized in 5-10 volumes of 0.05 M 
imidazole buffer (pH 7 . 9 ,  also containing 5 m M  dithiothreitol in 
the case of the heart preparations. The homogenates were im- 
mediately centrifuged for 15-20 min. at 39,000 Xg. The supernatant 
fractions were adjusted to 50% saturation with ammonium sulfate, 
the pH was adjusted to  7.5 with 1 N NaOH, and the mixture was 
allowed to stand for 1 hr. The solutions were again centrifuged as 
before, and then the precipitates were taken up in the smallest 
possible volume of the imidazole buffer and dialyzed against 20 
volumes of the buffer. Protein concentration was fuom 5 to 7 mg./ 
ml. for cat heart phosphodiesterase by the micromodification (17) 
of the biuret method (18), and it was 15-20 mg./ml. for rat brain 
phosphodiesterase as determined by the method of Lowry et a/. 
(19). Both enzyme preparations were stored at  0-4" until used. In 
the case of the rat brain enzyme, pieparations were stable for up to 
6 months. The cat heart enzyme was less stable and was freshly 
prepared each month. 


The hydrolysis of cyclic AMP at near physiological concentra- 
tions was measured, in at  least duplicate assays, by a modification 
of the radioactive assay described by Brooker er ai. (16). Thiz pro- 
cedure was adapted so that phosphodiesterase activity could be 
monitored in the presence of potential inhibitors. Briefly, 50 PI. 
of a solution of 3H-cyclic AMP (0.16 p M )  as substrate. 50 PI. c;f an 
aqueous solution of inhibitor, and 50 rl. of phosphodiesterase 
solution containing human serum albumin ( I  mg./ml.) and an ex- 
cess of snake venom nucleotidase (1 mg./ml.) were incubated with 
shaking in a plastic liquid scintillation vial for 10 min. at  37". The 
3H-cyclic AMP was converted to  3H-5'-AMP by phosphodiesterase. 
The 3H-5'-AMP, in turn, was converted to 3H-adenosine by the 
nucleotidase. The reaction was stopped by the addition of Dowex 
AG 1-X2 resin, which adsorbed unchanged 3H-cyclic AMP and 
left 3H-adenosine in solution. Only 3H-adenosine was counted 
after the addition of scintillation fluid due to quenching by the 
resin of the radiation from adsorbed 3H-cyclic AMP. Potency was 
measured by determining the micromolar concentrat ion of in- 
hibitor that caused a 50% inhibition of the enzymatic activity 
(150). 


Adenylate Cyclase Assay-Lung alveolar tissue was obtained 
from normal guinea pigs sacrificed by decapitation. The tissue was 
minced and a tissue grinder5 was used to prepare 207; hornogenates 
in chilled buffer containing 1 m M  MgCI:! and 2 m M  glycqlylycine, 
pH 7.5 (20). The homogenate was strained through four layers of 
gauze and centrifuged a t  l000Xg for 15 niin. at 4". The pellet was 
resuspended in the original volume of buffer and recentrifuged. 
The pellet was again resuspended in buffer, and 0.5- I.0-ml. ali- 
quots were sealed in ampuls and stored under liquid nitrogen for 
future assay of adenylate cqclase activity. Samples storcd i n  this 
manner exhibited undiminished activity for as long as 3 months. 
Protein was determined by the method of Lowry el rd. (19) with 
crystalline bovine serum albumin as standard. 


Adenylate cyclase activity was assayed in duplicate by a modifica- 
tion of previously published methods (21, 22). The total assay 
volume was 0.59 ml. and contained 1.8 m M  MgCI,, 0.8 m M  glyc)l- 
glycine, 32 m M  tromethamine (pH 7.8), 1.2 m M  ATP, ?-5 X lo6 
c.p.m. ~ u - ~ ~ P - A T P ,  and particulate enzyme fraction (100-200 mcg. 
lung protein). The presence of 6-10 m M  theophylline rfecrerisrri lung 
cyclase activity, however, and was omitted from assays of the lung 
enzyme (23). In some assays, 0.01 m M  isoproterenol was included. 
Activities in the presence of isoproterenol were about 60:; higher 
than basal values. 


The incubation mixture was reacted for 15 min. at  37" with 
shaking and then boiled for 3 min. t o  inactivate the cyclase. One 
hundred microliters of a solution containing 4 pmoles ATP. 1.25 
pmoles cyclic AMP, and 0.15 pc. 3H-cyclic AMP was added to the 
reaction mixture. The denatured protein was sedimented by cen- 
trifugation, and the supernate was applied to a Dowex 50W-X8 
(100-200-mesh) column of approximately I-cm.3 bed volume. The 
column was eluted with water, and the first 3 ml. collected was dis- 
carded except for the blank (no enzyme) assays, foi which this 
fraction provided an accurate measure of the (radioactive) ATP 
added. The next 4 ml. eluted contained S5.-700< of the total cyclic 
AMP present. This fraction was treated with 0.5 ml. of 0.18 M 
ZnS04 followed by 0.5 ml. of an equivalent barium hydroxide solu- 


International model 5 centrifuge. 
4 Aminco-Bowman. Duall. 
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Table I-Effects of Various Drugs on Cyclic AMP Metabolism 01 V i m =  
~~~ 


Effect on 
Rat Effect oh Effect on Guinea Pig 


Inhibition of Phosphodiesterase Epididymal Rat Adrenal Lung Adenylate Cyclase 
-----Activity from- Fat Cell Cell Steroido- -Activitye- 


Drug Class and Drugs Rat Brainb Cat Heartb Lipolysisc genesisd S B 


Adrenal corticosteroids 
1. Betamethasone 
2. Hydrocortisone 


3. Iodochlorhydroxyquin 


4. Picrotoxin 
5. Pentylenetetrazol 
6. Dextroamphetamine sulfate 
7. Methylphenidate 


8. Morphine sulfate 
9. Meperidine hydrochloride 


Amebicides 


Analeptics 


Analgesics 


10. Propoxyphene 
11. Codeine sulfate 
12. Pentazocine 
13. Aspirin 
14. Acetophenetidin 
15. Aminopyrine 
16. Phenylbutazone 


17. Testosterone 
18. Testolactone 


19. Dextroamphetamine sulfate 
20. Chlorphentermine 


21. Bunamidine 
22. Pyrvinium pamoate 


Antianxiety drugs 
23. Meprobamate 
24. Chlordiazepoxide 
25. Diazepam 
26. Hydroxyzine 


Antibacterial drugs 
27. Chloramphenicol 
2%. Erythromycin 
29. Ampicillin 
30. Tetracycline 
31. Furazolidone 
32. Sulfanilamide 
33. Isoniazid 


Anticoagulants 
34. Heparin 
35. Acenocoumarol 
36. Anisindione 


37. Phenobarbital 
38. Diphenylhydantoin 
39. Phenacemide 


40. Amitriptyline 
41, Imjpramine 
42. Tranylcypromine 


43. Scopolamine hydrobromide 
44. Buclizine 
45. Cyclizine 
46. Meclizine 


Antifungal agents 
47. Amphotericin B 
48. Tolnaftate 


Antihistaminics 
49. Cyproheptadine 
50. Diphenhydramine 
51. Chlorpheniramine 
52. Pheniramine 


Androgens 


Anorexiants 


Anthelmintics 


Anticonvulsants 


Antidepressives 


Antiemetics 


> 100 
170 


1 50 


> 100 
> 1000 
> 1000 
> 1000 


> lo00 
> lo00 


780 
> 1000 


200 
> lo00 
> 1000 


580 
110 


190 
270 


> 1000 
> 1000 


44 
8 


> 1000 
110 


33 
>loo 


30 
> 100 


> 1000 
340 


> 1000 
> 100 


>lo00 


> 1000 
120 


>loo 


> lo00 
480 
300 


460 
700 


> 1000 


> 1000 
>loo 
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240 


58 
250 


> 100 
> 100 
> 100 


>loo0 


>loo 
> 100 


>lo0 


>I00 
> 100 
> 100 
> 100 


> 100 
> lo00 
>loo 
> 100 


180 
> 100 
> 100 
>loo 
> 100 


28 
>loo 
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>loo 


80 
100 


>loo 
>loo0 


60 
>loo 


70 
> 100 
>loo 
> 100 
>loo 
> 100 
>loo 


> 100 
> 100 
> 100 


>lo0 
> 100 


> 1000 


>loo 
>lo0 


> lo00 


>loo0 
> 1000 
> 100 
>loo 


>loo 
> 100 


> 100 
>I00 
> 100 
> 100 
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Drug Class and Drugs 


Effect on 
Rat Effect on Effect on Guinea Pig 


Inhibition of Phosphodiesterase Epididymal Rat Adrenal Lung Adenylate Cyclase 
----Activity from- Fat Cell Cell Steroido- --- Activitye- 


Rat Brainb Cat Heartb Lipolysisc genesisd S B 


Antihypertensive drugs 
53. Promethazine 
54. Reserpine 
55 .  Guanethidine 
56. Methyldopa 
57. Hydralazine 
58. Pargyline 
59. Jmipramine 
60. Phenoxybenzarnine 
61. Phentolamine 
62. Protoveratrine A 


63. Chloroquine 
64. Flufenamic acid 
65. Triamcinolone 
66. Triamcinolone acetonide 
67. Benzydamine 
68. Mefenamic acid 
69. Ibufenac 
70. Azathioprine 
71. Aurothioglucose 
72. N-(2,6-Dichloro-m-tolyl)- 


anthranilic acidh 


Anti-inflammatory agents 


73. Niflumic-acid - 
74. 9a-Fluoro-1 Ip,21-dihydroxy-2’,2’- 


dimethvl-16a.17a-dioxolano-1.4- 
pregnadiene-3,20-dione 21-ester with 
phosphoric acid’ 


Antimalarials 
75. Hydroxychloroquine analog; 
76. Quinacrine hydrochloride 


An tineoplastics 
77. Busulfan 
78. Cyclophosphamide 
79. Methotrexate 
80. 6-Mercaptopurine 
81. 5-Fluorouracil 
82. Actinomycin F, 
83. Vincristine 
84. Vinblastine 
85. Prednisone 
86. Floxuridine 


87. Benztropine mesylate 
88. Biperiden 


Antipsychotics 
89. Chlorpromazine 
90. Triflupromazine 
91. Fluphenazine 
92. Thioridazine 


Antiserotonin drugs 
93. Cinanserin hydrochloridei 


Antitussives 
94. Codeine sulfate 
95. Pipazethate 
96. Benzonatate 


Bronchodilators 
97. Ephedrine 
98. Isoproterenol 
99. Methoxyphenamine 


Cardioactive agents 
100. 4-(3,4-Dimethoxybenzyl)-2- 


101. Papaverine 
102. Bradykinin 
Chelating agents 
103. Dimercaprol 


Antiparkinsonism drugs 


imidazolidinone’ 


360 
170 


> lo00 
> lo00 


620 
> loo0 


700 
>lo0 


>lo00 
110 


> 100 
>lo0 
> 100 
> 100 
> 100 
> 100 
> 100 
> 100 
>loo 
> 100 


> 100 
> 100 


25 
130 


> lo00 
>loo 
> 100 


28 
> 100 
> 100 
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160 


>I00 
> 100 
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370 


230 
300 
48 
180 
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>loo0 
> 1000 
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>I000 
7 20 


>loo 


140 
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> 50 


> 100 


> 100 
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> 100 
> 100 


> loo0 
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> 100 
> 100 
>I00 
> 100 


> 100 
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> 100 
> 100 
> 100 
> 100 
> 100 
> 100 
N T  
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> 100 


> 100 
> 100 


> 100 
> 100 
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> 100 
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> 100 
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Table I-(Continued) 


Effect on 
Rat Effect on Effect on Guinea Pig 


Inhibition of Phosphodiesterase Epididymal Rat Adrenal Lung Adenylate Cyclase 
-Activity from- Fat Cell Cell Steroido- -Activity"- 


Drug Class and Drugs Rat Brain* Cat Heartb Lipolysisc genesisd S B 


104. Penicillamine 
Coronary vasodilators 
105. Nitroglycerin 
106. Dipyridamole 
Deficiency anemia drugs 
107. Folic acid 
108. Vitamin BI2 
Diuretics 
109. Furosemide 
110. Acetazolamide 
11 1. Bendroflumethiazide 
Estrogens, progestogens 
112. Ethinyl estradiol 
11 3. Norethindrone 
Expectorants 
114. Acetylcysteine 
GI  agents 
11 5. Methantheline bromide 
116. Atropine sulfate 
11 7. Isopropamide 
1 18. Magaldrate 
119. Carboxymethylcellulose, sodium 
120. Castor oil 
121. Phenolphthalein 
122. Bisacodyl 
123. Diphenoxylate 
General anesthetics 
124. Thiopental, sodium 
125. Hydroxydione, sodium 
Glaucoma drugs 
126. Neostigmine methylsulfate 
127. Pilocarpine hydrochloride 
128. Dichlorophenamide 
Gout drugs 
129. Colchicine 
130. Indomethacin 
131. Allopurinol 
Hypocholesterolemics 
132. 10 
133. 2-Methyl-2-( 1-naphthy1oxy)propionic 


acidp 
134. 2-[(5,8-Dihydro-l-naphthyl)oxy]-2- 


methylpropionic acid9 
135. Triparanol 
136. Clofibrate 
Hy poglycemics 
137. Phenformin 
138. Tolbutamide 
Local anesthetics 
139. Dibucaine hydrochloride 
140. Lidocaine hydrochloride 
141. Procaine hydrochloride 
Migraine drugs 
142. Methysergide 
Myasthenia gravis drugs 
143. Neostigmine methylsulfate 
144. Edrophonium bromide 
Narcotic antagonists 
145. Nalorphine 
Oxytocics 
146. Oxytocin 
Peripheral vasodilators 
147. Isoxsuprine 


> lo00 


>lo0 
4 


> 100 
> 100 


350 
> lo00 


130 


30 
38 


>lo0 


700 
>lo00 
> 100 


390 
>1" 
> 1" 


> 100 
78 


> lo00 
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> 100 


> lo00 
> 100 
> 100 


260 
92 


460 
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> 100 
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> 100 


> lo00 
610 


260 
>I00 


> lo00 


250 


> 1000 
900 
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> 1000 


> lo00 


>loo 
25 


>loo 
>lo0 
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> 100 
> 100 
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> 100 
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> 100 
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Table I-( Continued) 


Effect on 
Rat Effect on Eflect on Guinea Pig 


Inhibition of Phosphodiesterase Epididymal Rat Adrenal Lung Adenylate Cyclase 
-Activity from- Fat Cell Cell Steroido- -- Activitye- 


Drug Class and Drugs Rat Brainh Cat Heartb Lipolysisc genesisd S B 


Radiopaque media 
148. Diatrizoate, sodium > lo00 >loo 0 0 0 
Sedative-hypnotics 
149. Phenobarbital > lo00 >100 
150. Secobarbital, sodium >100 >100 0 0 
151. Thiopental, sodium 3 70 > 100 0 0 
152. Chloral hydrate > lo00 > 100 0 0 


- - 0 
0 
0 


NT 
Skeletal muscle relaxants 
153. Mephenesin 
154. Succinylcholine chloride 
155. Chlorzoxazone 


N T  
- N T  
- > lo00 > 100 0 


> 100 > 100 0 
310 660 ++ 0 0 


Thyroid hormones and antithyroid agents 
156. Levothyroxine, sodium > 100 210 + 0 
157. 2-Thiouracil 400 > 100 0 0 
Topical nasal decongestants 
158. Phenylephrine hydrochloride 
159. Oxymetazoline 
160. Xylometazoline 
Vasopressors 
161. Angiotensin I1 amide, S-valine 
162. Methoxamine hydrochloride 
163. Metaraminol 
164. Phenylephrine hydrochloride 
165. Mephentermine 


- - 
- >loo > 100 


>100 > 100 + 
>loo > 100 + - 


NT 
NT 


NT 
NT 
NT 


> 100 >loo + 0 N T  
> lo00 >loo - inter NT 


0 0 
- NT 


>loo 
> lo00 > 100 - 0 NT 
> 100 


> 100 ++ 
>loo - 


~~ ~~ 


a Index of agents appended to paper (see text). b The concentration of compound (micromolar) that inhibits phosphodiesterase activity by 50% (160, 
&). Iso for theophylline is 120 r M  against rat brain phosphodiesterase and 50 p M  against cat heart phosphodiesterase. The experimental uncertainty 
i n  the 1 5 0  values is *15 %. c Effect of compound on lipolysis denoted as follows: - -, inhibition with Isa <I00 p M ;  -, inhibition with Isa > 100 p M ;  
0 no effect at LOO r M  (less than f 1 5  % change); +, stimulation up to 40% that of equimolar theophylline; and + +, stimulation >40% that of 
ehuimolar theophylline at 10, 50, and 100 p M .  d Effect of compound on steroidogenesis: - -, inhibition of > 50 % at 100 p M ;  -, inhibition of 11-49 Z 
at 100 p M ;  0, no effect (less than + l o %  change); +, stimulation by 200 p M  compound of 11-49% that of equimolar l-ethyl-4-(isopropylidenehy- 
drazino)-lH-pyrazolo[3,4b]pyridine-5-carboxylic acid ethyl ester (SQ 20,009, see Refereyce 56); and + +, stimulation by 200 p M compound of 2 50 % 
that of the equimolar pyrazolopyridine. e Effect of compound on adenylate cyclase activity in the presence (S) and absence (B) of 10 p M  isoproterenol: -- inhibition of >SO% at 100 & M ;  -, inhibition of 16-49 % at 100 p M ;  0, no effect (less than + 15 % change); +, 16-49 Yc stimulation at 100 p M ;  
and ;+, >SO% stimulatjon at I00 p M .  I Not tested. I Interferes with assay. h SQ 20,196. i SQ 15,935. i 7-Chloro-2-(2-chlorostyryl)-4-[ [4-(diethyl- 
amino)-1-methylbutyl]aminoJ quinoline. k SQ 10,643. 1 Ro 7-2956. m Compound tested was 6-glycylbradgkinin. * I a a  expressed as milligrams per 
milliliter, 0 2,2~”-[(1-Methyl-4,4-diphenylbutylidene)]bis(p-phenyleneoxy)bistriethylamine. P SQ 11,355. a SQ 11,354. 


tion. The resulting precipitate was sedimented, and the zinc sulfate- 
barium hydroxide treatment was repeated without disturbing the 
first precipitate. After centrifugation, 1 ml. of supernate containing 
32P-cyclic AMP and 3H-cyclic AMP was mixed with 15 ml. of 
scintillator (100 g. naphthalene, 14 g. 2,5-diphenyloxazole, and 0.1 g. 
dimethyl 1 ,Cbis-2-(4-methyl-5-phenyloxazolyl)benzene/2 1. dioxane) 
and counted. The amount of 32P-cyclic AMP formed in each assay 
was corrected for recovery losses subsequent to the incubation with 
the aid of the 3H-cyclic AMP found in each case. Activities were 
computed as picomoles cyclic AMP formed per milligram protein 
per 15-min. incubation period. Relative activities were determined 
by comparisons of assays with drug present to those without drug. 


RESULTS AND DISCUSSION 


The data collected for 158 compounds representing 49 therapeutic 
classes are displayed in Table I. With the exception of the results 
on inhibition of phosphodiesterase activity, which are entered 
explicitly, the large number of data included led to  the adoption 
of a semiquantitative format for the table, which is explained in the 
accompanying legend. The location of specific compounds in Table I 
may be facilitated by the use of an alphabetic list of agents indexed 
to the consecutive numbering employed in the table; such an index 
is appended to this paper. More detailed results for selected com- 
pounds of interest are discussed in this section. 


Since many of these drugs possess multiple pharmacological 
activities, an agent may appear under more than one therapeutic 
heading; e.g., phenobarbital is entered under “anticonvulsants” and 
“sedative-hypnotics.” On the other hand, the necessarily arbitrary 
method of selection and classification of these compounds has led 
to situations where a drug is entered under only one of its possible 


activities; e.g., cyproheptadine is entered under “antihistaminics” 
but not under “antiserotonin drugs.” These difficulties are probably 
inevitable and, hopefully, will not prove excessively troublesome. 


The sources of the assay systems in which the agents were ex- 
amined represent different mammalian tissues and species. Strictly 
speaking, the diversity of these sources limits the confidence with 
which one can correlate effects on cyclase or phosphodiesterase 
activity with cellular responses in the systems employed in this 
study. Experience with inhibitors of phosphodiesterase activity (24), 
however, has prompted the conclusion that differences in inhibitory 
potency from tissue to tissue and from specic:s to species are quanti- 
tative rather than qualitative; i.e., a compound inhibiting phospho- 
diesterase activity from one tissue will inhibit the phosphodiesterase 
activity more or less from any other tissue, with a variation in 
potency of within one or, rarely, two orders of magnitude. More- 
over, this variation will tend to be larger from tissue to tissue from 
the same species than from species to species for the same tissue. 
This kind of generalization would also be expected to hold for in- 
hibitors of the activity of the adenylate cyclase catalytic moiety but 
might not apply to tissue-specific hormone receptors on the cyclase 
complex. 


Cyclic Nucleotide Phosphodiesterase Activity-Compounds were 
tested for their inhibitory effects on phosphodiesterases from rat 
brain and cat heart. Most of the compounds were tested for activity 
at  concentrations of up to  100 p M ,  although several were tested at 
concentrations as high as 1 mM. Of the 158 compounds examined, 
14 compounds inhibited rat brain phosphodiesterase activity with 
1 5 0  values <lo0 p M ;  12 of the drugs lowered phosphodiesterase 
activity of the cat heart enzyme equally as well. Eleven agents (7 %) 
inhibited the rat brain enzyme activity by 50% or more at  50 p M ;  
six compounds (4%) were similarly effective against catalysis by cat 
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Table 11-Effects upon Lipolysis of Drugs that Inhibit Phosphodiesterase (PDE) Activity 


-------Im, pM- 
Rat Brain Cat Heart 


Drug Class PDE PDE 


Dipyridamole Coronary vasodilator 4 25 
Papaverine Cardioactive 6 2 
Pyrvinium pamoate Anthelmintic 8 100 
Hydroxychloroquine analoga Antimalarial 25 > 100 
6-Mercaptopurine Antineoplastic 28 > 100 


Norethindrone Progestogen 38 > 100 


Amphotericin B Antifungal 58 > 100 
Bisacodyl GI 78 210 


Anisindione Anticoagulant 100 > 100 


Chloramphenicol Antibacterial 30 70 
Ethinyl estradiol Estrogen 30 29 
Diazepam Antianxiety 33 60 


Bunamidme Anthelmintic 44 80 
Fluphenazine Antipsychotic 48 40 


Indomethacin Gout 92 90 


Thioridazine Antipsychotic 180 90 
Testosterone Androgen 190 28 
Phenolphthalein GI >loo 32 
N-(2,6-Dichloro-m-tolyl)anthranilic acid0 Anti-inflammatory >loo 78 


Lipolytic Effect as 
Percent of Equimolar 
-Theophylline at- 
5 0 p M  100pM 


Interferes 
44 38 


Inhi bitsb 
Inhibitsc 
Inactive 
Inactive 


77 49 
57 43 
71 39 


Inhi bi t s d  
Inhibits' 
Interferes 


56 26 
Inactive 
Inactive 
Inhibitsf 


32 24 
Inactive 
Inactive 


7-Chloro-2-(2-chlorostyryl)-4- ([4-(diethylamino)-l-methylbutyl]aminoJ quinoline. Inhibited lipolysis 100% at  50 and 100 p M .  c Inhibited 94% 
at 100 p M  and 78% at 50 p M .  dInhibited 100% at 100 p M  and 99% at 50 p M .  .Inhibited 62% at  100 r M  and 20% at 50 p M .  f Inhibited 30% 
at 100 pM. SQ 20,196. 


heart phosphodiesterase preparations. These numbers of active 
agents are significant in light of experience with runciom testing 
of large numbers of compounds for inhibition of phosphodiesterase 
activity. Under those conditions, 1 %  or less of the compounds 
tested show inhibition of 50Oj, or more at 50 p M .  Accordingly, in- 
hibitors of phosphodiesterase activity in uitro seem especially likely 
to possess pharmacological activities. 


Table I1 shows the effects of potent phosphodiesterase inhibitors 
(160 5 100 p M  against the enzyme from either brain or heart) on 
lipolysis in the isolated fat cell. Inhibitors are arranged in order of 
decreasing potency against the rat brain enzyme. Of the 19 agents 
listed in Table 11, six show lipolytic properties. These include the 
steroid hormones (ethinyl estradiol, norethindrone, and testoster- 
one), bisacodyl, papaverine, and diazepam. The effects of these 
drugs on the isolated lipocytes appear consistent with their ability 
to inhibit phosphodiesterase activity in other tissues, since agents 
capable of inhibiting phosphodiesterase activity might be expected 
to stimulate lipolytic activity in the presence of submaximally 
activating amounts of ecinephrine (14). Five compounds inhibit 


Table 111-Effects on Phosphodiesterase and Adenylate Cyclase 
Activity of Drugs that Stimulate Lipolysis 


Percent 
Change 


in 
Phosphodi- Cyclase 


esterase Basal 
Inhibition, Activity 


Rat Cat 1 0 0 p M  
--150, pM-- by 


Drug Class Brain Heart Drug 


Isoproterenol Bronchodilator 720 >lo00 +60 
4-(3,4-Dimethoxy- Cardioactive 140 170 +21 


benzy1)-2- 
irnidazolidi- 
none" 


Metaraminol Vasopressor > I 0 0  >lo0 +15 
Chlorzoxazone Muscle relaxant 310 660 +I4 
Hydralazine Antihypertensive 620 > lo00 +10 
Ethinyl Estrogen 30 29 +10 


estradiol 
Isoxsuprine Vasodilator >lo00 > I 0 0  +6 
Tolbutamide Hvuoalvcemic 610 >lo00 1 4  I _  - _  
Methyldopa Antihypertensive > 1000 > 100 +3 
Methotrexate Antineoplastic > 100 480 - 1 
Phenacemide Anticonvulsant 300 >lo00 -8 
Vinblastine Antineoplastic 160 >lo00 -31 


(pyrvinium pamoate, bunamidine, and 7-chloro-2-(2-chlorostyryl)- 
4-/ [4-(diethylamino)-l-methylbutyl]amino} quinoline9 an analog of 
hydroxychloroquine, inhibit strongly), six are inactive, and two 
interfere with the assay. The compounds that inhibit lipolysis may 
be acting oia effects on systems other than lipocyte phosphodiester- 
ase and it is of interest that three of the five possess clinical anti- 
parasitic activity. 


Table I1 also points out broad therapeutic areas in which more 
than one representative drug is a good phosphodiesterase inhibitor. 
The steroid hormones and antiparasitic agents were already men- 
tioned. Several drugs active in the CNS also inhibit phosphodiester- 
ase activity substantially. The phenothiazines, fluphenazine and thio- 
ridazine, and the benzodiazepine anxiolytic, diazepam, are examples 
selected from Table 11. Findings on the inhibition of phosphodiester- 
ase activity by phenothiazines are in agreement with an earlier 
report (25). Another anxiolytic agent, chlordiazepoxide, is very 
nearly as potent an inhibitor (ISo = 110 p M )  of rat brain phospho- 
diesterase activity as the compounds listed in Table 11. A correlation 
between antianxiety activity and inhibition of rat brain phospho- 
diesterase activity was recently noted (26). 


Chlordiazepoxide is also of interest because it is much more active 
against rat brain phosphodiesterase than against the cat heart 
enzyme. Other potent phosphodiesterase inhibitors that display 
a clear tissue specificity (>threefold difference in 15a  values) are the 
hydroxychloroquine analog, 6-mercaptopurine, testosterone, and 
phenolphthalein (Table 11). Of this group, phenolphthalein and testo- 
sterone are more active against the cat heart phosphodiesterase. 


Of the drugs that have been tested as phosphodiesterase inhibi- 
tors in the 100-1000-pM concentration range, 51 showed ISo values 
in this range against either or both enzyme preparations. Many of 
the remaining agents active in the CNS inhibited in this range: anti- 
convulsants (diphenylhydantoin and phenacemide), antidepressants 
(amitriptyline and imipramine), antipsychotics (chlorpromazine 
and triflupromazine), sedative-hypnotics (thiopental), and anal- 
gesics (propoxyphene, pentazocine, aminopyrine, and phenylbuta- 
zone). The relatively weak inhibition of phosphodiesterase activity 
(less than theophylline) observed here for amitriptyline, imipramine, 
and promethazine contrasts with the finding of Muschek and Mc- 
Neil1 (27) that these compounds were approximately 15 times as 
active as theophylline against rat brain phosphodiesterase. 


The antiparasitic drugs (iodochlorhydroxyquin and quinacrine) 
remaining from Table I were active, with 1 6 0  values of 150 p M  or 
less. Similarly, two of the three remaining steroids that were tested 
(testolactone and hydrocortisone) inhibited phosphodiesterase with 
Iao values < 300 p M .  Some of the other drug classes contained 
several representatives that inhibited phosphodiesterase activity 


0 RO 7-2956. 6 SQ 18,057. 
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Table IV-Potent Inhibitors of Lipolysis and Their Effects on Adenylate Cyclase Activity 


Drug 


Percent 
Inhibition 


(at 100 p M )  of 
Cyclase 


Stimulation by Inhibition of 
Inhibition of 10 p M  Cyclase Basal 


Class Lipolysis, Iso, r M  Isoproterenol Activity, La, p M  


Pyrvinium pamoate 
Bunamidine 
Iodochlorhydroxyquin 
Hydroxychloroquine analogb 
Chlorphentermine 
Ephedrine 
I C  


Benzydamine 
Fluphenazine 
Tranylcypromine 
Methoxyphenamine 
Dextroamphetamine sulfate 


Anthelmintic 0.023 49 
Anthelmintic 4 100 
Amebicide 20 100 
Antimalarial 30 100 
Anorexiant 30 20 
Bronchodilator 35 24 
Hypocholesterolemic 40 100 
Anti-inflammatory 60 27 
Antipsychotic 65 93 
Antidepressive 70 0e 
Bronchodilator 100 9 
Anorexiant 100 26 


I* 
23 


> lo00 
90 


1 
NTd 


> 100 
I 


230 
NT 
NT 


I 
~ ~~ ~ ~~~ ~ 


0 No significant inhibition at 100 p M .  * 7-Chloro-2-(2-chlorostyryl)-4- ([4-(diethylarnino)-l-methylbutyl]aminoJ quinoline. c 2.2"'-[( l-Methyl-4,4-di- 
phenylbutylidene)bis(p-phenyleneoxy)]bistriethylatnine. d Not tested. e Insignificant stimulation (< 15 %) observed. 


between 100 and loo0 p M  or were small groupings in which every 
remaining entry inhibited in this range. These were: antihyper- 
tensives (reserpine, hydralazine, protoveratrine A, and imipramine), 
antiparkinsonism drugs (benztropine and biperiden), gout drugs 
(colchicine and allopurinol), thyroid hormones and antithyroid 
agents (levothyroxine and 2-thiouracil), and antineoplastics (actino- 
mycin FI, vincristine, vinblastine, and methotrexate). 


The ability of antineoplastic agents to inhibit phosphodiesterase 
activity should be considered along with the recent report that 
exogenous dibutyryl cyclic AMP or cyclic AMP plus the phospho- 
diesterase inhibitor. theophylline can restore normal morphology 
to cultured sarcoma cells (28). It is at  least conceivable that the anti- 
neoplastic properties of the drugs discussed arise in part from their 
phosphodiesterase activity. Such a hypothesis, though highly specu- 
lative, may deserve further examination. 


Lipolysis no twelve drugs stimulated lipolysis to at  least 40% of the 
levels reached with equimolar theophylline, at each of three con- 
centrations: 10, 50, and 100 p M .  As mentioned previously, stimu- 
lation of lipolysis tnight reflect an inhibition of phosphodiesterase 
activity by the agent; it might also arise from stimulation of 
the adenylate cyclase complex consisting of hormone receptor and 
catalytic moiety. These compounds are collected in Table 111, to- 
gether with their effects on the phosphodiesterase and basal cyclase 
activities of the preparations employed. 


Of the lipolytic agents listed in Table 111, isoproterenol stimulated 
as expected from its activity as a potent fi-adrenergic agonist; it 
was active in the absence of epinephrine and a t  concentrations as 
low as 0.1 p M .  The actions of ethinyl estradiol and 4-(3,4-dime- 
thoxybenzyl)-2-imidazolidinone7 are consistent with their inhibition 
of activity of phosphodiesterase preparations from other tissues. 
The remaining compounds may stimulate lipolysis via effects on 
cellular metabolism subsequent to the synthesis and/or degradation 
of cyclic AMP. These compounds might possibly be lipolytic due to 
inhibition of lipocyte phosphodiesterase activity, but this appears 
unlikely, except in extreme and unusual circumstances, because of 
the weak activity these compounds show against the enzymes from 
brain and heart. 


The inhibition of phosphodiesterase activity by certain of these 
lipolytic agents deserves some comment. 4-(3,4-Dimethoxybenzyl)- 
2-imidazolidinone is 12-14 times as potent an inhibitor of rat 
erythrocyte phosphodiesterase activity (29)as of rat brain or cat heart 
phosphodiesterase activity (Table I). This is an illustration of the 
quantitative ditYerences in inhibition of enzymes from different 
mammalian tissues and species that may be observed for a particu- 
lar compound. The weak phosphodiesterase inhibition seen for 
tolbutamide is qualitatively consistent with the findings of Brooker 
and Fichman (30), who found a very weak inhibition of rat kidney 
phosphodiesterase activity by this sulfonylurea derivative. 


Of the drugs in Table 111, only isoproterenol clearly stimulated 
basal adenylate cyclase activity significantly at  100 p M .  This was 


7 RO 7-2956. 


expected, since isoproterenol was the catecholamine used to gen- 
erate hormone-stimulated cyclase activity. Vinblastine was a potent 
lipolytic agent which, nonetheless, inhibited lung cyclase basal 
activity significantly at  100 p M .  This antineoplastic agent also 
strongly inhibited adrenal cell steroidogenesis and isoproterenol- 
stimulated cyclase activity. Concentrations of tolbutamide above 
1 m M  were previously shown to inhibit either hormone-stimulated 
or cyclic AMP-stimulated lipolysis (31-36). It is now shown that, at  
lower concentrations, tolbutamide stimulated hormone-stimulated 
lipolysis in isolated lipocytes (Table I). For instance, at 50 p M ,  i t  was 
65% as active as equimolar theophylline in stimulating lipolysis. 
Tolbutamide at  100 p M  neither inhibited nor stimulated guinea pig 
lung cyclase activity. Levey et cil. (37) recently reported the stimula- 
tion of rabbit and human heart cyclase activity by tolbutamide. 
This stimulation is likely to be tissue specific, inasmuch as we con- 
firmed (unpublished experiments) the stimulation of heart cyclase 
activity by histamine demonstrated previously (38) but did not detect 
an effect of histamine upon the lung enzyme of similar magnitude 
(unpublished results). 


Thirteen agents stimulated lipolysis well enough relative to theo- 
phylline at  concentrations of 10 and 50 p M  to be rated (+ + ) in 
Table I, but they were not sufficiently stimulatory relative to theo- 
phylline at 100 p M .  These drugs are worthy of mention because 
of their potency at  the lower concentrations. The group includes 
steroids (hydrocortisone, testolactone, and norethindrone). GI 
agents (atropine, magaldrate, and bisacodyl), and antineoplastics 
(busulfan and 5-fluorouracil) as well as furazolidone, guanethidine, 
papaverine, lidocaine, and edrophonium bromide. Of these, pa- 
paverine, norethindrone, and bisacodyl are good inhibitors of phos- 
phodiesterase activity (150  < 100 p M  versiis either preparation). 


Twelve therapeutic agents inhibited lipolysis with 1:" values 5 100 
F M ;  they are given in Table IV together with their effects on cyclase 
activity. The four most potent inhibitors of lipolysis tested are all 
antiparasitic agents. Both of the antimalarial agents tested, the 
hydroxychloroquine analog and quinacrine, inhibited lipolysis in 
isolated fat cells in the presence of epinephrine. The hydroxychloro- 
quine analog (Table IV) was more potent than quinacrine (Table I). 
Antimalarial drugs were reported (39) to inhibit lipolysis in adipose 
tissue. Ephedrine, methoxyphenamine, and amphetamine sulfate all 
possess sympathomimetic properties and might inhibit lipolysis by 
competing with epinephrine for the P-adrenergic receptor site. 


The site of action of several of these inhibitors of lipolysis was 
clarified by further studies in which the effects of these compounds 
(excluding benzydamine) on ACTH-activated and cyclic AMP- 
activated lipolysis were compared with the effects given in Table IV 
for epinephrine-activated lipolysis (Table V). These experiments 
confirmed that ephedrine, inethoxyphenamine, and amphetamine 
inhibited only epinephrine-activated lipolysis. Iodochlorhydroxy- 
quin behaved similarly. 2,2"'-[( l-Methyl-4,4-diphenyIbutylidene)- 
bis(gphenyleneoxy)]bistriethylamines (I), the hydroxychloroquine 


8 SQ 10,591. 
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Table V-Effects of Potent Inhibitors on Activation of 
Lipolysis by Epinephrine, ACTH. and Cyclic AMP 


~ ~ ~~ 


-I,,, p M  uersiis Activation" by- 


Epi- 10 m M  
neph- 10 mU./ml. Cyclic 


Compound rine ACTH AMP 


0.14 p M  


Pyrvinium pamoate 
Bunamidine 
Fluphenazine 
I* 
Tranylcypromine 
Hydroxychloroquine 


analog" 
Chlorphentermine 
Ephedrine 
Dextroamphetamine 


sulfate 
Iodochlorhydroxyquin 
Methoxyphenamine 


0.023 
9 


65 
417 . _  
70 
25 


30 
35 


100 


100 
100 


I 
6 


40 
40 
37 
17 


75 
Inactive 
Inactive 


Inactive 
Inactive 


0 .1  
35 
60 


Inactive" 
Inactive 


Inactive 
Inactive 
Inactive 


Inactive 
Inactive 


100 


Hormones and cyclic A41P present at concentrations giving ap- 
proximately 50 of maximal activation. * 2,2"'-[(1-Methyl-4,4-di- 
phenylhutylidene)bis(p-ph~~iyleneoxy)]bistriethylamine. c Less than 
2OZ inhibition at 100 p M .  d 7-Chloro-2-(2-chlorostyryl)-4- 1 [4-(diethyl- 
amino)-1-methylhutyl]amino) quinoline. 


analog, tranylcypromine, and chlorphentermine inhibited epineph- 
rine- and ACTH-activated lipolysis but not cyclic AMP-induced 
lipolysis. These drugs may act at the locus of the hormone receptors, 
upon the cyclase catalytic moiety, or through interference with the 
receptor-catalytic unit relationship. Bunamidine, pyrvinium pam- 
oate, and fluphenazine inhibited all three stimulations by 50% or 
more at  100 p M ,  behavior consistent with inhibition, at  least, at  a 
metabolic point subsequent t o  formation of cyclic AMP. For this 
latter group of compounds, however, the data of Table V do not 
rule out inhibition also of adenylate cyclase. 


The effects of the lipolysis inhibitors on lung adenylate cyclase 
activity were generally consistent with the considerations of the 
preceding paragraph. Five compounds (bunamidine, iodochlor- 
hydroxyquin, the hydroxychloroquine analog, I, and fluphenazine) 
inhibited isoproterenol-stimulated cyclase activity by more than 
50% at 100 p M  (Table IV). In addition, pyrvinium pamoate in- 
hibited hormone-stimulated cyclase activity by approximately 50% 
at 100 p M .  Of these six cyclase inhibitors, only bunamidine in- 
hibited basal cyclase activity about as strongly as hormone-stimu- 
lated activity and, hence, would appear to act on cyclase primarily 
at the catalytic subunit. The hydroxychloroquine analog, iodochlor- 
hydroxyquin, and I inhibited hormone-stimulated activity more 


Table VI-Relative Potency of Selected Inhibitors of 
Adrenal Steroidogenesis 


Inhibition of Activation 
Inhibition -by 3 m M  Cyclic AMP- 
of ACTH Percent 


Activation, Concentration, Inhibi- 
Compound Iso, p M  P M  tion 


Pyrvinium pamoate 0.1 5 0.20 87 
Hydroxychloroquine 2 2 . 5  8 


Promethazine 2.5 2 . 0  0 
Cyproheptadine 3 20 0 
Thioridazine 5 10 0 
1" 7 10 38 


analog" 


Chlorpromazine 11  
Vin blas t ine 12 
lmipramine 13 
Amitriptyline 15 
Bun am id ine 16 
Phenoxybenzamine 30 
Diphenhydramine 35 
TriHupromazine 40 


Chlorpheniramine 80 
Fluphenazine 70 


15 
20 
20 
20 
20 
40 
50 
50 


100 
100 


5 
71 


6 
0 


84 
30 
0 
3 


10 
30 


'1 7 - Chloro - 2 - (2  - chlorostyryl) - 4 - "4 - (diethylamino) - 1 - mrth- 
ylbutyl]amino] quinoline. '1 2 ,2" ' - [ (  1 -Methyl-4,4-diphenylbutylidene)bis- 
(p-phenyleneoxy)]histrietbylamine. 


strongly than basal cyclase activity, an indication that they affect 
both the catalytic moiety and the P-adrenergic receptor system. 
Fluphenazine and pyrvinium pamoate inhibited basal activity rela- 
tively weakly or not at all at  100 p M ;  therefore, at  the level of cyclic 
AMP synthesis, they inhibit primarily the hormone stimulation. 
Two of the three sympathomimetics (amphetamine and ephedrine) 
inhibited catecholamine-stimulated cyclase activity significantly, 
while the third, methoxyphenamine, did not inhibit significantly at 
100 p M .  Chlorphentermine showed some inhibition of hormone- 
stimulated, but not basal, cyclase activity. 


Steroidogenesis-Thirty-two of the drugs listed in Table I in- 
hibited ACTH-activated steroidogenesis in isolated adrenal cells 
by at  least 50% at 100 p M .  A number of these agents were examined 
at lower concentrations to assess their relative potencies. The 15, 
values for these strong inhibitors are summarized in Table VI, 
in order of decreasing inhibitory potency. In an  effort to identify 
potential inhibitors of adrenal adenylate cyclase among the com- 
pounds in Table VI, effects of the compounds on cyclic AMP-acti- 
vated steroidogenesis were also measured. Inhibitor concentrations 
approximating the 150 levels for ACTH-activated steroidogenesis 
were included in adrenal cell incubations containing 3 m M  cyclic 
AMP, a nucleotide concentration approximating the half-maximal 
activation level for isolated cells prepared by collagenase treatment 
(1 1). Among the drugs that inhibited both cyclic AMP-activated and 
ACTH-activated steroidogenesis were pyrvinium pamoate, vinblast- 
ine, and bunamidine. Pyrvinium and bunamidine thus behaved 
similarly in the lipocyte and adrenal cell and, therefore, appear to 
inhibit cellular metabolism at points subsequent to cyclic AMP 
formation in both cell types. A second group of compounds, in 
contrast, including the hydroxychloroquine analog, promethazine, 
cyproheptadine, thioridazine, chlorpromazine, imipramine, ami- 
triptyline, diphenhydramine, triflupromazine, and fluphenazine, 
was characterized by failure to inhibit cyclic AMP-activated ste- 
roidogenesis. It was concluded that compounds in the latter group 
inhibited steroidogenesis in the intact adrenal cell at  a point pre- 
ceding the appearance of intracellular cyclic AMP, i .e.,  at the level of 
adenylate cyclase. It is of interest that eight of the compounds in 
this group are tricyclic in structure and include five phenothiazines. 
The activity of the phenothiazines was consistent with recent reports 
indicating that chlorpromazine inhibits adenylate cyclases from 
adrenal, thyroid, and brain tissue (40-43). 


Moreover, Wolff and Jones (40) demonstrated that trifluoper- 
azine and prochlorperazine inhibit the hormonal stimulation of 
thyroid adenylate cyclase, while Uzunov and Weiss (43) implicated 
trifluoperazine, in addition to chlorpromazine, as an inhibitor of 
norepinephrine-stimulated brain cyclase. In a report that contra- 
dicts our findings, Haksar and Peron (44) recently observed that 
chlorpromazine inhibits the steroidogenic response of rat adrenal 
quarters to cyclic AMP as well as to ACTH. One possible reason for 
this difference may lie in inhibitor concentration levels; chlor- 
promazine concentrations between 100 and 250 p M  were required 
for 50% inhibition of steroidogenesis in the adrenal quarters, 
whereas our experiments were performed using concentrations of 15 
p M  or lower. 


The 32 strong inhibitors of steroidogenesis were tested for effects 
on cyclase activity (Table VII). Of the 10 compounds identified as 
probable adenylate cyclase inhibitors in the adrenal cell, only ami- 
triptyline and imipramine failed to demonstrate at  least moderate 
inhibition of lung cyclase activity, Twelve of the drugs in Table 
VII inhibited stimulation by isoproterenol by approximately 50 % 
or more when tested at 100 p M .  This group included all five of the 
compounds that were strong inhibitors of both lipolysis and ste- 
roidogenesis (bunamidine, the hydroxychloroquine analog, I, flu- 
phenazine, and pyrvinium pamoate). All four of the antipsychotic 
phenothiazines tested (thioridazine, triflupromazine, chlorprom- 
azine, and fluphenazine) were also strong cyclase inhibitors. Hence 
fluphenazine, thioridazine, and tri flupromazine represent additional 
phenothiazines capable of inhibiting hormone-stimulated cyclase 
activity. Promethazine also inhibited lung cyclase activity, though 
more weakly than the other phenothiazines. 


The compounds in Table VII that inhibited isoproterenol-stimu- 
lated cyclase activity by W% or more at 100 p M  may well have 1 5 0  
values of 10gM or less. Thus, they would appear to inhibit hormone- 
stimulated activity more strongly than basal activity. This is particu- 
larly true for agents with 1 5 0  values against basal activity >I00  p M ,  
such as triflupromazine, chlorpromazine, and fluphenazine. Four 
other potent inhibitors of steroidogenesis inhibited hormone stimu- 
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Table VII-Effects on Adenylate Cyclase Activity of 
Inhibitors of Steroidogenesis 


Percent 
Inhibi- 
tion (at 


100 
p M )  of Inhibi- 
Stimu- tion of 


lation by Basal 
10 p M  Actlvlty, 
Isopro- Is,,, 


Compound Drug Class terenol p M  


Bunamidine 
Thioridazine 
Hydroxychloroquine 


analog. 
Triflupromazine 
I b  
Chlorpromazine 
Fluphenazine 
Amphotericin B 
Cyproheptadine 
Actinomycin F1 
Vinblagtine 
Pyrvinium pamoate 
Isoxsuprine 
Diphenhydramine 
Hydroxyzine 
Phenoxybenzamine 
Promethazine 
Diphenoxylate 


Vincristine 
Benzydamine 
Pentazocine 
Amitriptyline 
Imipramine 
Benztropine 
Lidocaine 
Pipazethate 
Propoxyphene 
Cyclizine 
Benzonatate 
Chlorpheniramine 
Furazolidone 
Dibucaine 


Anthelmintic 
Antipsychotic 
Antimalarial 


Antipsychotic 
Hypocholes terolemic 
Antipsychotic 
Antipsychotic 
Anti fungal 
Antihistaminic 
Antineoplastic 
Antineoplastic 
Anthelmintic 
Vasodilator 
Antihistaminic 
Antianxiety 
Antihypertensive 
Antihistaminic 
GI 


agent 
Antineoplastic 
Anti-inflammatory 
Analgesic 
Antidepressive 
Antidepressive 
Antiparkinsonism 
Local anesthetic 
Antitussive 
Analgesic 
Antiemetic 
Antitussive 
Antihistaminic 
Antibacterial 
Local anesthetic 


100 
100 
100 


100 
100 
96 
93 
84 
82 
50 
49 
49 
40 
39 
38 
36 
34 
31 


29 
27 
22 
16 
16 
10 
8 
7 
7 
0 e  
0" 
0' 
O C  


0' 


23 
80 
90 


250 
>100 


270 
230 


I C  


I 
I 


420 
I 
I 
I 


> 100 
> 100 


I 
I 


I 
I 
I 


NTd 
NT 
NT 
NT 
NT 
NT 
NT 
N T  
NT 
NT 
NT 


a 7 - Chloro - 2 - (2 - chlorostyryl) - 4 - ([4 - (diethylamino) - 1 - meth- 
ylbutyllamino 1 quinoline. b 2,2"'-[( I-Methyl-4,4-diphenylbutylidene)bis- 
(p-phenyleneoxy)]bistriethylamine. c No significant inhibition at  100 
r M .  d Not tested. Insignificant stimulations (< 15 %) were observed. 


A stimulation of 22Z was observed. 


lation, but not basal activity, at  100 p M ;  these were amphotericin B, 
cyproheptadine, actinomycin F1, and pyrvinium pamoate. The 
effect of amphotericin B is understandable, since its mechanism of 
action is thought t o  involve perturbation of membranes (45). Cypro- 
heptadine is a histamine and serotonin antagonist that could also 
antagonize stimulation by isoproterenol. Of the remaining steroido- 
genesis inhibitors, diphenhydramine, an antihistamine, and phe- 
noxybenzamine, an a-adrenergic antagonist, produced, at  the rela- 
tively high concentration of 100 p M ,  lesser but still significant de- 
creases in the b-adrenergic stimulation generated by isoproterenol. 


None of the drugs tested was a potent stimulator of steroido- 
genesis, although four compounds (folic acid, penicillamine, dimer- 
caprol, and aurothioglucose) stimulated somewhat. 


Miscellaneous Adenylate Cyclase Effectors-Several drugs which 
were not potent effectors of lipolysis or steroidogenesis were, none- 
theless, investigated for effects on adenylate cyclase activity. Two 
of the compounds were strongly inhibitory: heparin (Iao = 2 p M )  
and aurothioglucose (Iso = 10 p M ) .  The apparently very potent 
inhibition by heparin is based on a molecular weight of 20,000, so 
that the concentration of heparin causing 50% inhibition is 40 mcg./ 
ml. Even with these qualifying remarks, it is perhaps surprising 
that this anticoagulant inhibits adenylate cyclase, because the in- 
hibition of platelet aggregation is associated with a stimulation of 
platelet cyclase (46-48). On the other hand, the inhibition by auro- 
thioglucose is not surprising. Aurothioglucose is a heavy metal- 
containing compound which probably interacts with the sulfhydryl 
group(s) of adenylate cyclase in a manner similar t o  that of organic 


mercurials (49-55). 6-Mercaptopurine was a weaker cyclase inhibi- 
tor (160 = 420 p M ) .  It is clearly related structurally to  the natural 
substrate for the enzyme (ATP), in addition to possessing a reactive 
sulfhydryl function. 


CONCLUSIONS 


A large number of drugs were examined for their effects upon 
several in vitro systems related to cyclic AMP metabolism, including 
the isolated lipocyte and adrenal cell as well as adenylate cyclase 
and cyclic nucleotide phosphodiesterase enzyme preparations. Many 
of the drugs showed some activity in these systems, and a fraction 
of these were potent inhibitors or stimulators of the enzymic or 
cellular response. Of the broad therapeutic classes represented, 
agents effective in the CNS appeared to be especially active in the 
in vitro systems examined. Antiparasitic drugs were also quite active 
and were generally inhibitory. Inasmuch as the representatives of 
the therapeutic classes were assigned arbitrarily and without con- 
scious bias, there is reason to believe the general results would be 
similar with other agents representing the drug classes selected. 
Despite the large number of therapeutic agents that show activity 
in the test systems utilized, the data presented here do not provide 
adequate evidence to decide whether or not the pharmacological 
properties of any particular drug in man or other animals can be 
related to an effect on cyclic AMP metabolism as evidenced in these 
in vitro systems. The determination of cyclic AMP levels in tissues 
after administration of the agent in viuo would be helpful, although 
not definitive, in arriving at  a conclusion for a given agent. 


APPENDIX : ALPHABETIC INDEX OF AGENTS APPEARING 
I N  TABLE I 


Agent - -- 
Acenocoumarol 
Acetazolamide 
Acetophenetidin 
Acetylcysteine 
Aspirin 
Actinomycin FI 
Allopurinol 
Aminopyrine 
Amitript yline 
Amphotericin B 
Ampicillin 
Angiotensin I1 amide, h a l i n e  
Anisindione 
Atropine sulfate 
Aurothioglucose 
Azathioprine 
Bendroflumethiazide 
Benzonatate 
Benztropine mesylate 
Benzy damine 
Betamethasone 
Biperiden 
Bisacodyl 
Bradykinin 
Buclizine 
Bunamidine 
Busulfan 
Carboxymethylcellulose, sodium 
Castor oil 
Chloral hydrate 
Chloramphenicol 
Chlordiazepoxide 
Chloroquine 
Chlorpheniramine 
Chlorphentermine 
Chlorpromazine 
Chlorzoxazone 
Cinanserin hydrochloride 
Clofi brate 
Codeine sulfate 
Colchicine 
Cyclizine 
Cyclophosphamide 
Cypr ohept adine 
Dextroamphetamine sulfate 


Number 
of 


Table 
I 


35 
I10 
14 


I14 
1 3  
82 


131 
15 
40 
47 
29 


161 
36 


116 
71 
70 


111 
96 
87 
67 


1 
88 


122 
102 
44 
21 
77 


119 
120 
152 
27 
24 
63 
51 
20 
89 


IS5 
93 


136 
I I ,94 


129 
45 
78 
49 


6.19 
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Diatrizoate, sodium 
Diazepam 
Dibucaine hydrochloride 
N-(2,6-Dichloro-m-tolyl)anthranilic acid 
Dichlorohenamide 
2-[(5,8-Dihydro-1 -naphthyl)oxyl-2-methylpropion~c acld 
Dimercaprol 
4-(3,4-D1methoxybenz~l~-2-1m1dazolidinone 
Diphenhydramine 
Diphenoxylate 
Diphenylhydantoin 
Dipyridamole 
Edrophonium bromide 
Ephedrine 
Erythromycin 
Ethinyl estradiol 
Floxuridine 
Flufenamic acid 
9a-Fluoro-1 I ~,21-dihydroxy-2’,2’-dimethyl-l6a,l7a- 
dioxolano-l,4-pregnadiene-3,20-dione 21-ester with 
ohosDhoric acid 


5-F1uo;oiracii 
Fluphenazine 
Folic acjd 
Furazolidone 
Furosemide 
Guanethidine 
Heparin 
Hydralazine 
Hydrocortisone 
Hydroxychloroquine analog 
Hydroxydione, sodium 
Hydroxyzine 
Ibufenac 
I mipramine 
Indomethacin 
Iodochlorhydroxyquin 
Isoniazid 
Isopropamide 
lsoproterenol 
Isoxsuprine 
Levothyroxine, sodium 
Lidocaine hydrochloride 
Magaldrate 
Meclizine 
Mefenamic acid 
Meperidine hydrochloride 
Mephenesin 
Mephent er mine 
Meprobamate 
6-Mercap topuri ne 
Metaraminol 
Methantheline bromide 
Methotrexate 
Methoxamine hydrochloride 
Methoxyphenamine 
2.2” ’-[( l-Methyl-4,4-diphenyIbutylidene)bis- 


(p-phenyleiieoxy)]bistriethylamine ( I )  
Methyldopa 
2-Methyl-24 I-naphthy1oxy)propionic acid 
Methy lphenidate 
Methysergide 
Morphine sulfate 
Nalorphine 
Neostigmine methylsulfate 
Niflumic acid 
Nitroglycerin 
Noret hindrone 
Oxymetazoline 
Oxytocin 
Papaverine 
Pargyline 
Penicillamine 
Pentazocine 
Pentylenetetrazol 
Phenacemide 
Phenforniin 
Pheniramine 
Pheno barbi ta I 
Phenolphthalein 
Phenoxybenzamine 
Phentolamine 
Phenylbutazone 
Phenylephrine hydrochloride 


148 
25 
139 
72 
128 
134 
103 
100 
50 
123 
38 
106 
144 
97 
28 
112 
86 
64 
74 


81 
91 
107 
31 


109 
55 
34 
57 


/ 


7; 
125 
26 
69 


41,59 
130 
3 


33 
117 
98 
147 
156 
140 
118 
46 
68 


9 
153 
165 
23 
80 
163 
I15 
79 
162 
99 
132 


56 
133 
7 


142 
8 


145 
126,143 


73 
105 
113 
159 
146 
101 
58 
104 
12 
5 
39 
137 
52 


37.149 
121 
60 
61 
16 


158,164 


Picrotoxin 
Pilocarpine hydrochloride 
Pipazethate 
Prednisone 
Procaine hydrochloride 
Promethazine 
Propoxyphene 
Protoveratrine A 
Pyrvinium pamoate 
Quinacrine hydrochloride 
Reserpine 
Scopolamine hydrobromide 
Secobarbital, sodium 
Succinylcholine chloride 
Sulfanilamide 
Testolactone 
Testosterone 
Tetracycline 
Thiopental, sodium 
Thioridazine 
2-Thiouracil 
Tolbutamide 
Tolnaftate 
Tran ylcypromine 
Triamcinolone 
Triamcinolone acetonide 
Trifluprornazine 
Triparanol 
Vinblastine 
Vincristine 
Vitamin B,? 
Xylometazoline 
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Influence of Power on Quality of Emulsions 
Prepared by Ultrasound 


DONALD M. HIGGINS* and DONALD M. SKAUEN’ 


Abstract The effect of ultrasonic power on a mineral oil-sur- 
factant- water emulsion system was demonstrated. An optimum 
amount of energy was required to produce the best emulsion. Ex- 
ceeding the optimum requirements produced coalescence phe- 
nomena. The best emulsions resulted with optimal surfactant con- 
centrations, at optimal HLB values, and at  highest power levels. 
In  the eniulsions studied, the HLB and surfactant parameters were 
more important than the power parameters. 


Keyphrases [I Emulsions, mineral oil-surfactant-water-effect of 
ultrasound, HLB, surfactant, and power parameters 0 Ultrasound 
-etfect on mineral oil-surfactant-water emulsions, HLB, sur- 
factant, and power parameters 


In recent years, many workers have utilized various 
types of ultrasonic generators t o  form emulsions. Beal 
and Skauen ( I )  investigated the effect of exposure time 
and sample geometry on the quality of the emulsion 
system. Haavisto and Hagner (2) studied the efficiency 
of emulsification with ultrasound with and without 
emulsifiers. Myers and Goodman (3), Singiser and Beal 


(4), Marshall (3, and McCarthy ( 6 )  all described experi- 
ments using a liquid whistle generator. I n  these studies, 
the main parameters considered were the emulsion 
systems themselves and the length of insonation. Kann 
and Tester (7) utilized a step-horn transducer with fixed 
frequency and variable power. However, they concerned 
themselves with the emulsion rather than instrument 
parameters. 


Since little attention has been focused upon the effect 
of power on the quality of emulsions manufactured by 
step-horn ultrasonic generators, this study was designed 
to determine what effects changes in  ultrasonic power 
might have upon an  emulsion system. 


EXPERIMENTAL 


Sonifier-The ultrasonic instrument’ used in this study utilizes 
a power supply, a sonic converter, and a step-horn transducer. I t  


1 Branson Sonifier model J-17V. Branson Sonic Power Co.. Danbury. 
Conn. 
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Column Chromatographic Determination of' 
Polymyxin B Sulfate 


A. HAEMERS' and P. De MOERLOOSE 


T 


. TVGON 
1.D: 0.89MM 


Abstract U A column chromatographic method for the quantita- 
tive determination of polymyxin B sulfate in bulk samples and 
pharmaceutical formulations is presented. The method is based 
on the absorption of polymyxin B on a weak cation-exchange 
resin and elution with an ionic strength gradient. Polyrnyxin B is 
determined in the eluate with ninhydrin by means of an Auto- 
Analyzer. The results are in good agreement with those obtained 
by the microbiological method. 


Keyphrases 0 Polymyxin B sulfate-analysis, column chromatog- 
raphy and ninhydrin, compared to microbiological method 0 
Column chromatography-analysis, polymyxin B sulfate 0 
Ninhydrin-analysis, polymyxin B sulfate after column chroma- 
tograp hy 


Polymyxin B sulfate is a cyclic heteropeptide anti- 
biotic, valuable in the treatment of infections caused 
by Gram-negative bacteria. It is frequently combined 
with other antibiotics to  extend the antimicrobial 
spectrum. 


The microbiological diffusion method (1 )  is the 
common method for assaying polymyxin B sulfate 
bulk samples and pharmaceutical formulations. Several 
attempts have been made to  develop chemical assay 
methods. The procedures that can be used include: 
colorimetric determination with ninhydrin reagent ( 2 ) ,  
biuret reagent (3) ,  and Folin reagent (4); gravimetric 
determination with phosphotungstic acid ( 5 ) ;  UV 
spectrophotometric determination (6); amino acid (7) 
or fatty acid (8) analyses; and methods based on optical 
rotation (9). 


Assay methods used in the pharmaceutical control 
of drugs must be specific and stability indicating. In 
the case of antibiotics, a chemical method is valueless 
if the results differ from those obtained by the micro- 
biological method. The above-mentioned chemical 
assay methods were tested (10). Results from these 
methods were found to  be in poor agreement with 
microbiological data, especially with samples con- 
taining relatively large amounts of degraded polymyxin 
B. 


Polymyxin B with low potency was prepared by 
heating active samples. A decrease in  activity of up to  
30x was obtained by heating polymyxin B sulfate 
powder i n  a closed bottle at 100" for 3-21 days. A 


DTD 


BUBBLER t" 
JACKETED 
COOLING COIL 


GRADIENT 


COLUMN 


NlNHVDRlN 
50LVAFLEX Z G O N  


PROPIP_R?ONING 


WMP 


Figure 1-Flow diagram qf apparatus for  automatic deferrninafioti 
ofpolymyxin B sulfare. 


stronger fall in activity (up to  80%) was obtained by 
heating a 2% aqueous solution of polymyxin B sulfate 
in a sealed tube at 100" for from 6 hr. to  7 days. 


Only optical rotation methods had a certain degree 
of stability-indicating value. The Cotton-curve obtained 
with polymyxin B as a nickel complex showed a change 
in shape if degraded polymyxin B was present. Never- 
theless, this method could not be used as an assay 
method. Ivashkiv (1 1) described a chromatographic 
method based on the separation of polymyxin B and 
impurities by means of a cation exchanger. The anti- 
biotic was eluted with a sodium chloride, methanol, 
and water mixture and determined with ninhydrin. 
Although in some samples this method appeared 
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0.1 0.2 0.3 
POLYMYXIN B SULFATE, rng. 


Figure 2 --Plot showitig the linear relationship between peak area 
arid arnoiiiit ofpolymyxin B sulfare. 


stability indicating, no agreement was obtained be- 
tween biological and chemical results in many cases. 
Moreover, the accuracy and the reproducibility of 
this method were very poor. 


A specific identification method of polymyxin B, 
developed in this laboratory, was published previously 
(8). This report presents a column chromatographic 
assay. Polymyxin B is taken u p  by a weakly acid poly- 
saccharide ion-exchange resin with carboxyl groups I 


in citrate buffer, pH 6 .2 ,  and eluted by a continuous 
ionic strength gradient at the same pH. The antibiotic 
is determined in the eluate with ninhydrin by means of 
an AutoAnalyzcr?. The ninhydrin reaction was chosen 
because it  is the most sensitive color reaction for 
polymyxin B sulfate. 


EXPERIMENTAL 


Instrumentation-An AutoAnalyzerZ consisting of an autograd, a 
proportioning pump, a heating bath, a colorimeter (with a 570-nm. 
interference filter and 15-mm. flow cell), and a recorder was 
used. The column (Pharmacia) was 60 cm. in length and 0.9 cm. in 
internal diameter. This system is illustrated in Fig. 1 ,  


Materials -Cation-exchange resin' was used. All chemicals used 
were reagent grade. 


The ninhydrin reagent consisted of: ninhydrin, 4 g.; hydrindantin, 
0.3 g.; methoxyethanol (peroxide free), 280 ml.; 4.0 N sodium 
:icetate buffer, pH 5.51, 70 nil.; and distilled water, 150 ml. This 
reagent is made with the following precautions (12). Ninhydrin and 
hydrindantin are dissolved in 130 ml. rnethoxyethanol in a dark 
hottle, and the air is displaced by bubbling oxygen-free nitrogen 
through it for 15 min. Then 70 ml. of 4 N acetate buffer are added 
and bubbling of nitrogen is continued for 30 min. The solution is 
then diluted with 300 ml. of a 50% (v/v) aqueous solution of 


2.4 
HOURS 


Figure 3---Clrromutogruin of polymyxiri R srdfote (0.25 mg.). Key: 
_ _  , 8400 I .U./mg.; and . . . ,5700 I .  CJ./mg. 


1 Sephatlex CM-C 25. Phamacin Fine Chemicals. 
2 Technicon Chromatography Corp. 


Table I-Polymyxin B Sulfate (Bulk Samples) 


Assay, % 
-Potency against Standard- 


Chemical Microbiological 
Sample Number Method Method 


Standard 100 1QO 
1 91 90 
2 86 88 
3 97 97 
4 93 94 
5 
6 
7 
8 
9 


10 


_ _  
104 
79 
71 
54 
35 


< 20 


_ .  
104 
80 
70 
57 
33 


< 20 


methoxyethanol. Nitrogen is bubbled through for about 30 rnin. 
more. This reagent is always kept under nitrogen. 


Buffer Solutions--4.0 N Acetate Bufler, pH 5.5f-This consisted 
of sodium acetate (164 g.) and glacial ac.etic acid (50 ml.) diluted 
to 500 ml. with distilled water. 


Citrute Bufler, p H  6.2- -Four citrate buffer solutions were used: 
A (0.05 M sodium chloride), B (0.75 M sodium chloride), C (1 M 
sodium chloride), and D (1.25 M sodium chloride). They consisted 
of 7.2 ml. of 0. I M citric acid, 42.8 ml. of I). I M sodium citrate, and 
0.292, 4.383, 5.845, or 7.307 g. sodium chloride, respectively, 
diluted to 100 ml. with distilled water. 


Sample Preparation --The sample must contain 0.2-0.3 rng. 
polymyxin B sulfate in a maximum volume of 10 ml. 


For the determination of polymyxin B sulhte bulk samples, 1 .O ml. 
of a 0.02% aqueous solution is transferred on the column. If 
polymyxin B sulfate occurs in solution (e.g., ear drops). a suitable 
volume of the solution is transferred on the column without further 
treatment. For the determination in tablets, hydrophilic ointments, 
or aerosol powders, the antibiotic is exlrdcted with water. Oint- 
ments with a paraffin base are dissolved in chloroform. The chloro- 
form is transferred into a separator, and the polymyxin B sulfate is 
extracted with water. 


Column Preparation-The cation-exchange resin (acid form) is 
slurried in citrate buffer A, heated on a waterbath for 2 hr., and 
washed with citrate buffer A until the pH of the ion exchanger is 
6.2. The column is packed with the slurry until a height of 55 cm. is 
obtained. Then 50 ml. of citrate buffer A is run through the column. 
Excess buffer is withdrawn from the column to about 0.2 cm. above 
the gel. 


Determination---The sample solution is transferred on the column 
without disturbing the surface. When all of the sample has entered 
the ion exchanger, the top of the column is washed with small 
aliquots of citrate buffer A. About 5 crn. of this buffer is left above 
the bed surface. The column is connected with the autograd; three 
chambers are used. The first is filled with 50 ml. of citrate buffer B, 
the second with 50 ml. of citrate buffer C ,  and the third with 50 ml. 
of citrate buffer D. The eluate is mixed by means of a proportioning 
pump with oxygen-free nitrogen and ninhydrin reagent. The color 


Table 11-Polymyxin B Sulfate (Pharmacmtical Formulations) 


-Assay, 5; of  Theoretical Value- 
Chemical Microbiological 


Sample Numbera Method Method 


1 
2A 
2B 
2c 
2D 
2E 
2F 
2G 
3 
4A 
4 B  
4 c  
4D 


105 
110 
94 


110 
112 
80 


102 
37 
99 


I 00 
59 


100 
110 


102 
106 
90 


105 
113 
78 


101 
37 


102 
I03 


5 5  
98 


115 
~ 


0 1 = aerosol, 2 = solutions, 3 = tablet, m d  4 = ointments. 
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1 2 3 6 
HOURS 


Figure 4-Cliromatograrn a/. -, polyniyviri B milfate (0.2 mg.). 
- - -, neotnycitr siilfute (0.2 riig.); arid . , bacitrrrciri (2.0 mg.). 


is developed in a heating bath at  95”. The speed of the pump is 
adjusted to allow a color development time of 15 min. After cooling 
and removal of the nitrogen, the liquid finally passes through the 
colorimeter and the ninhydrin color value is recorded. After the 
run, the ion exchanger can be regenerated by washing with 0.1 N 
hydrochloric acid and water. 


Calculation-The concentration can be determined by an area 
calculation. The area obtained with the sample to be analyzed is 
compared with the area obtained with a standard sample. The 
standard and the unknown must be determined after each other 
with the same ninhydrin reagent. The concentration of polymyxin 
B sulfate plotted against the peak area shows a straight line going 
through the origin (Fig. 2). 


RESULTS AND DISCUSSION 


Chromatography of polymyxin B sulfate under the experimental 
conditions yields the chromatogram showed in Fig. 3.  Chromato- 
gram 1 was obtained with polymyxin B sulfate international stan- 
dard (potency 8400 I.U./mg.); chromatogram 2 was obtained with 
a sample of polymyxin B sulfate (potency 5700 I.U./mg.). For each 
chromatogram, 0.25 mg. antibiotic was analyzed. The approximate 
retention time was 2.4 hr. Assay values of polymyxin B sulfate 
bulk samples and of polymyxin B sulfate in pharmaceutical formu- 
lations were determined, and the results were compared with those 
obtained by the microbiological methods (Table I). Good agree- 
ment was obtained also with the samples containing a large amount 
of degraded polymyxin 6. The samples were determined against 
the Belgian National Standard (relative potency 100z) .  In the 
formulations, polymyxin B was combined with other antibiotics 
(neomycin, bacitracin, oxytetracycline, virgimycine, and tyro- 
thricin), antiseptics, local anesthetics, steroids, etc. The method is 


very specific. Other antibiotics (neomycnn, bacitracin, and oxy- 
tetracycline) that interfere with the ninhydrin reaction do not in- 
terfere with the assay. Figure 4 shows the separation of bacitracin, 
polymyxin B, and neomycin. Polymyxin E, however, yields the 
same chromatographic pattern as polymyxin B. Table I1 shows the 
good correlation between chemical and biological results in prepa- 
rations where polymyxin B was partially degraded. 


This column chromatographic method can be considered as a 
specific and stability-indicating assay for polymyxin B sulfate and 
accepted as a valuable substitute for the micrabiologcal method. 
The procedure presented offers greater accuracy and reproducibility 
(standard deviation 2.8 %)than the microbiological method. 
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C O M M U N I C A T I O N S  


Ghosting of Ethylene Glycol in GC 


Keyphrases 0 Ethylene glycol-GC analysis, reversible adsorption 
on column, ghosting 0 Ghosting of ethylene glycol-GC analysis, 
reversible adsorption on column 0 GC-analysis, ethylene glycol, 
reversible adsorption on column, ghosting 


Sir: 


The phenomenon of ghosting (1-9, also known as the 
repeater or memory effect, is now becoming recognized 
as a potential source of error in the qualitative and 
quantitative GC analyses of various types of polar 
solutes. 


Ghosting may be considered as a desorption process 
whereby a small amount of the solute, which was pre- 
viously injected onto the GC column, is removed from 
the column by subsequent injections of a solvent that 
does not contain the solute in question. 


Spitz and Weinberger (6) observed ghosting of ethyl- 
ene glycol on a column containing 3 %  polyethylene 
glycol coated on a styrene-divinylbenzene copolymer 
resin. The purpose of this paper is to introduce new 
experimental data employing their procedure and col- 
umn to provide some insight into the mechanism of the 
reversible adsorption process and at  the same time alert 
the reader to possible sources of error which could occur 
during the GC analysis of ethylene glycol. 


The experimental data were obtained from 1-pl. in- 
jections of several different concentrations of an aqueous 
glycol solution, the order of injection being the most 
dilute to the most concentrated. After each sample in- 
jection, there was at least one injection of 1 p1. of water 
to see if any ghosting would occur at  that particular 


Table I-Ghosting of Ethylene Glycol 


., 
0 20 60 100 140 180 220 260 300 340 400 


ETHYLENE GLYCOL INJECTED, ng. 


Figure I-Desorption curve of ethylene glycol based on the data.from 
Table I .  


level of ethylene glycol previously injected. This 1-pl. 
water injection procedure was carried out until there 
was no evidence of ethylene glycol appearing as a ghost 
peak. 


The data, as listed in Table I, reveal that the higher 
concentrations of ethylene glycol show this ghosting 
effect even after two 1-pl. injections of water. The ap- 
proximate concentrations of ethylene glycol that were 
desorbed were calculated, using the two lowest con- 
centrations of ethylene glycol as reference standards. 
This mathematical approach seems reasonable because 
these two concentration levels exhibit a linear response 
within the concentration range studied and they do not 
indicate any ghosting. 


The sum of the desorbed ethylene glycol at  each con- 
centration level originally injected was plotted versux 
the original amount of solute injected at  that level. 
These data are graphically presented in Fig. 1. 


The ghost peak has the same characteristics as an 
ethylene glycol standard, namely, the same peak shape 


~~ ~~ ~ ~ - Number of Water Injections (1 PI.)-. 


-NO. 1- -NO. 2- -NO. 3- Sum of 
Ethylene Ethylene Ethylene Ethylene -No. 4- Desorbed 
Glycol Glycol Glycol Glycol Peak Ethylene 


Injected, Peak Heighta, Peak Height", Found, Peak Height", Found, Peak Heighta, Found, Heighta, Glycol, 
ng. att.b att.b ng. att.b ng. att.b ng. att.b ng. 


2.5 1 .9  
(1 x 2) 


12.4 10.0 
(1 x 2) 


24.7 17.9 
(1 x 2) 


49.5 18.8 
(1 x 4) 


99.0 23.1 
(1 X 8) 


198.0 12.2 
(1 X 32) 


396.0 14.3 
(1 X 64) 


~ ~~ ~ ~ 


a Peak height measured in centimeters. b Refers to attenuation range used on the gas chromatograph. 
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and retention time. Evidently, the adsorption takes 
place at  the beginning of the column in order to meet 
the criteria of obtaining the same peak shape and re- 
tention time as the standard glycol solution. 


We found that as long as an ethylene glycol standard 
is employed in the same concentration range as is found 
in the sample, the results are quantitative and no signif- 
icant error is obtained even upon duplicate injections. 
Again, it is important to keepin mind that this phenome- 
non does exist, and it should be considered in the quanti- 
tative as well as the qualitative analysis of ethylene 
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Use of Confidence Intervals in Analysis of 
Comparative Bioavailability Trials 


Keyphrases 0 Bioavailability trials, comparative-analysis, use 
of confidence intervals Confidence intervals-analysis of com- 
parative bioavailability trials 0 Drug formulations, comparison- 
use of confidence intervals in analysis of comparative bioavail- 
ability trials 0 Clinical equivalence of drug formulations-use of 
confidence intervals in analysis of comparative bioavailability 
trials 


Sir : 


The current emphasis on the comparative bioavail- 
ability trial, in which a new formulation of a drug is 
compared against a standard formulation in human sub- 
jects, is attracting considerable attention. Today such a 
trial is a key element in the submission of an abbrevi- 
ated New Drug Application, in which the object is to  
show that the in uiuo characteristics of the new formu- 
lation are essentially identical to those of an already 
approved, standard formulation. Typically, a crossover 
trial is employed, and blood levels of the drug at vari- 
ous times after administration and/or amounts of drug 
excreted i n  the urine are determined. Results are often 
analyzed using the classical statistical theory of hypothe- 
sis testing, in  which the null hypothesis of no difference 
between the formulations is tested with respect to  some 
characteristics of the blood or urine levels of the drug. 
Presumably, if the difference between the formulations 
turns out to be significant at  the 0.05 or 0.01 level, one 


rejects the null hypothesis and concludes that the new 
formulation does not match the standard. 


The purposes of this communication are to suggest 
that classical hypothesis testing techniques may not be 
particularly relevant to this problem and to propose, 
as an alternative, an approach based on confidence 
intervals. To bring the problem into focus, it is assumed 
that the new and standard formulations are to be com- 
pared with respect to total amount of drug excreted in 
the urine for some specified period following adminis- 
tration. If the trial is then run under tightly controlled 
conditions (resulting in small error variance in the 
analysis) with a large number of subjects, it could 
happen that the formulation would give a urinary re- 
covery only 1% different from the standard but that 
this difference would still be significant statistically. 
It should be kept in mind that however small the differ- 
ence between the formulations, it will be detected as 
significant if the trial is sufficiently well controlled and 
the number of subjects employed is large enough. In 
such a situation, the reviewing clinical pharmacologist 
or physician might well feel that a 1 % difference in 
absorption is of no clinical significance, but he might 
also be concerned that this difference is termed signifi- 
cant in the statistical sense. The dilemma is occasioned 
by use of an inappropriate tool-hypothesis testing. 
What he may need is not a test of whether the two 
formulations are identical but rather some degree of 
assurance that the mean amount of drug excreted using 
the new formulation is sufficiently close to the amount 
excreted using the standard. The usual hypothesis 
testing approach does not give this assurance; never- 
theless, the analysis can easily be modified to  provide 
it in a manner that will be meaningful and that can 
provide the basis for a rational decision by the clinical 
pharmacologist. The proposed approach is based on 
the use of confidence intervals and is described here. 


Suppose, to fix ideas, that the total urinary excretion 
of the drug (or the mean drug blood level over a num- 
ber of sampling times) is to be analyzed in a crossover 
trial in 12 subjects, with both formulations-new and 
standard-administered to  each subject. With the 
usual analysis of variance, which is based on the pres- 
ence of additive effects due to subject (11 degrees of 
freedom), day of administration (1 degree of freedom), 
and formulation (1 degree of freedom), one can easily 
verify that the error mean square, s2, is based on the 
remaining 10 degrees of freedom. If pS and p,, are the 
true population means of the mean total urinary ex- 
cretion of drug for the standard and new formulations, 
respectively, and 2, and i,, are the corresponding 
sample means obtained from the trial, then with the 
usual normality assumptions, ( ( 2 ,  - in) - (p,  - p,J] /  


( s /dG has the t-distribution with 10 degrees of free- 
dom. Two constants, kl and k2, can be chosen so that 
the integral of the t-distribution from kz to kl is 0.95. 
Then with 95 probability, the inequality: 


k*S/d6  2 ((2. - En) - (pa - M ~ I  2 k d d 6  (Eq. 1) 


holds. This inequality can be rearranged to give: 


(pa + k?s/d/6 - (2, - % ) I  I fin I 
{pa + kls/.\/6 - (2. - %)I  (Eq. 2) 
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Opium Alkaloids XII: Quantitative Determination of 
Morphine in Opium by Isotope Dilution 


EINAR BROCHMANN-HANSSEN 


Abstract A method was developed for quantitative determination 
of morphine in opium based on the isotope dilution technique. 
M0rphine-2-~H and morphine-N-14CH3 are used as radioactive 
standards. A mixture of opium and the radioactive morphine 
standard is triturated with dimethyl sulfoxide, dispersed on di- 
atomaceous earth and acidic aluminum oxide, and suspended in 
water. The aqueous suspension is transferred to a chromatographic 
column of acidic aluminum oxide, and the alkaloids are eluted 
with water. Alternatively, the mixture of opium and radioactive mor- 
phine is triturated with a little water and dispersed on diatomaceous 
earth, and the alkaloid bases are liberated with ammonia. The 
powder mixture is transferred to a column of neutral aluminum 
oxide and eluted with chloroform-isopropyl alcohol (3 : 1). Phenolic 
and nonphenolic alkaloids are separated by extraction at pH 13, 
and morphine crystallizes from the aqueous phase after adjust- 
ment of pH to 9. The crystals are collected and recrystallized to  
constant radioactivity. Both extraction methods gave the same re- 
sults. No loss of tritium occurred during the assay, and morphine- 
2-3H and morphine-N-%H3 were equally satisfactory as radio- 
active standards. The method is specific for morphine, has good 
precision (0.473, and requires no elaborate technique. 


Keyphrases Opium alkaloids --analysis of morphine in opium 
by isotope dilution 0 Morphine, in opium-analysis, isotope 
dilution method Isotope dilution method-analysis, morphine 
in opium 


The lime method for assay of opium has remained 
relatively unchanged through several revisions of the 
USP (1). Nevertheless, i t  is well recognized that this 
method leaves much to  be desired and does not give an 
accurate estimate of the morphine content of opium 
(2-4). In recent years, many attempts have been made 
to overcome the problems associated with the lime 
method and to devclop assay procedures with better 
precision and accuracy. 


DISCUSSION 


Many modern pharmacopeias have adopted modifications of the 
method proposed by Mannich ( 5 )  in 1935, in which an aqueous 
solution of morphine is reacted with I-chloro-(or fluoro)2,4- 
dinitrobenzene in the presence of base. The slightly soluble dinitro- 
phenyl ether of morphine crystallizes and can be determined 
gravimetrically or volumetrically. The extraction of morphine from 


opium is usually achieved with water or alcohol, and a partial puri- 
fication is obtained by means of a chromatographic column of 
aluminum oxide. The many modifications of this technique were re- 
viewed by Schultz and Schneckenburger (6). Loss of morphine may 
result from a slight solubility of the dinitrophenyl ether (3, 6). At 
the same time, the crystalline precipitate is often contaminated with 
minor opium alkaloids, with aluminum hydroxide, and with excess 
reagent or the corresponding phenol or ainine (2, 3, 6, 7). 


Othermethodsproposed fortheassay of opium make useof liquid- 
liquid extraction techniques (%I]),  ion-exchange resins (12-14), 
partition or adsorption chromatography ( 1  5-18), paper chromatog- 
raphy (19-21), TLC (22). GC (23), UV and IR spectrophotometry 
(17, 18, 22, 24, 25), colorimetry (11-13, 19, 20, 26, 27), and polarog- 
raphy ( I  1,28,29). Although some of these methods may be superior 
to the USP lime method, no assay procedure reported to date is 
specific for morphine. 


It is extremely difficult t o  obtain a coniplete separation of mor- 
phine from the complex mixture of alkiloids and nonalkaloidal 
matter associated with it  without losing morphine in the process. 
Therefore, specificity can probably be achieved only by using a se- 
lective method for the quantitative estimation. The isotope dilution 
technique is such a method of exceptional selectivity. The principle 
of this method is t o  add a known amount of radioactive morphine 
standard to  a sample of opium and then to  isolate morphine and 
purify it to constant radioactivity. The difference in specific activity 
of the isolated morphine as compared t o  that of the radioactive 


HokRl 


T 


T T 


Scheme I -- Base-cuiulyzed rritium labeling of morphbre 
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Table I-Influence of Certain Variables on the Isotope Dilution Assay of Morphine by the Neutral Alumina Method 


--Content of Morphine in Opium, %" P 


Radioactive Standard Added before Extraction Radioactive Standard Added after Extraction 
Volume of Eluate, -Number of Recrystallizations- -----Number of Recrystallizations- 


ml. 1 2 3 1 2 3 


50 11.56 11.54 11.49 11.49 11.44 11.46 
75 11.61 11.49 - 11.64 11.51 - 


100 11.42 11.47 11.45 11.46 11.54 11.48 
125 11.43 11.53 11.48 11.43 11.50 11.46 
150 11.36 11.42 11.44 11.52 11.49 11.47 


a Results expressed in percent based on at least two determinations. 


standard is proportional to the amount of morphine in the sample. 
This technique is particularly suitable for the determination of mor- 
phine because this alkaloid can be readily purified by crystallization. 
When a homogeneous mixture of radioactive and nonradioactive 
morphine has been obtained, any losses due to  oxidation, purifica- 
tion, or spillage will not affect the result, provided the radioactive 
label is stable and its presence does not alter the physical or chemical 
properties of the molecule (isotope effect). 


The simplest method for preparation of radioactive morphine of 
high specific activity and purity is by tritium exchange in position 2 
(30, 31). Morphine dissolved in dimethylformamide is sufficiently 
ionized at the phenol group to permit exchange with tritiated water 
according to Scheme I. The tritiation is carried out in a sealed tube 
at about 100". An equilibrium condition is reached which depends 
on the specific activity of the tritiated water, The exchange reaction 
is reversible, and the tritium label may be removed by prolonged 
heating with aqueous dimethylformamide or with an aqueous 
methanol solution of potassium carbonate or other weak bases (31). 
Treatment with a strong base, such as 1 N NaOH, has little effect 
on the tritium label even at high temperatures, because the con- 
centration of hydrogen ions is negligible. The labeling is exclusively 
in the 2-position. This has been confirmed by deuterium exchange 
under similar conditions and NMR spectroscopy (30). When it is 
pure, m0rphine-2-~H may be crystallized from aqueous methanol 
or extracted with dilute acid or alkali without loss of activity. 
Another potential standard1 is m~rphine-N-*~CH~, which may also 
be easily synthesized (32) or prepared biosynthetically (33, 34). 
It was decided to  try both these compounds and to compare their 
suitability as radioactive standards in the isotope dilution procedure. 


The extraction of opium has always been a major problem in the 
assay. Extraction can be facilitated by dissolving the opium sample 
in dimethyl sulfoxide (18) and dispersing the solution on di- 
atomaceous earth. A partial purification of the alkaloids may be 
achieved by means of a chromatographic column of aluminum 
oxide(4,6,15,35,36). 


The isotope dilution technique was adapted for both acidic and 
neutral aluminum oxide. When acidic aluminum oxide was used, 
the opium sample and radioactive morphine standard were mixed 
and triturated with dimethyl sulfoxide, dispersed on diatomaceous 
earth and acidic alumina, and suspended in water. The suspension 
was transferred to a column of acidic alumina, and the alkaloids 
were eluted with water. Practically all radioactivity was contained 
in the first 50 ml. of eluate; the next 0.5 ml. displayed a number of 
counts equal to or slightly above background. The eluate was made 
strongly basic with sodium hydroxide and the minor alkaloids were 
extracted, first with a mixture of chloroform-isopropyl alcohol 
(4:l) and then with ether. Adjustment of pH to 9.0 with am- 
monium chloride and vigorous shaking with ether promoted crystal- 
lization of morphine. 
In the neutral alumina method, opium and radioactive morphine 


standard were mixed and triturated with water and diatomaceous 
earth to a uniform powder. Ammonia was added to  liberate the 
alkaloid bases, the mixture was transferred to a chromatographic 
column containing neutral aluminum oxide, and the alkaloids were 
eluted with a mixture of chloroform-isopropyl alcohol (3: 1). The 
elution appeared to be quantitative with as little as 50 ml. of organic 
solvent (Table I). For routine analyses, 100 ml. of solvent mixture 
was generally used because this gave an eluate that was lighter in 
color and showed less tendency to cause emulsion problems when 


1 Available from Arnersham/Searle Corp. 


shaken with alkali. Morphine was extracted from the organic eluate 
with 0.1 N NaOH solution. The alkaline extract was adjusted to 
pH 9.0 with ammonium chloride and shaken with ether to  remove 
minor alkaloids and promote crystallization of morphine. The re- 
sults were the same whether the radioactive morphine standard was 
added to  the opium sample prior to  extraction or to  the eluate from 
the column (Table I). However, it was considered best to  carry the 
radioactive morphine through the entire procedure to  eliminate any 
potential errors caused by oxidation or irreversible adsorption of 
morphine. 


With either method, the crystals of morphine were filtered, 
washed, and recrystallized from aqueous methanol to constant 
radioactivity. No opium sample required more than two recrystal- 
lizations. The crystals were dried in vacuo to  remove the solvent of 
crystallization, and the radioactivity was measured in a liquid 
scintillation spectrometer. No quenching was observed with any of 
the samples, and the use of an internal standard can be eliminated 
for routine analyses. The specific activities of the morphine samples 
were sufficiently high to yield a large number of counts (>25,000) 
in a few minutes. This reduced the random error of counting and the 
possibility of errors induced by drift of the instrument. 


RESULTS 


Table I1 gives the results of analyses of two samples of opium 
USP and four authenticated samples2. For comparison, the re- 
sults reported in the literature for the same samples analyzed by 
other procedures are also given. It would appear, as has been stated 
by others, that the values of the USP method are about l0-15% 
too low. 


There was no significant difference in the results whether mor- 
~hine-2-~H or morphine-N-14CH, was used as the radioactive 
standard. This indicated that the tritium label was stable under the 
experimental conditions. Furthermore, both extraction methods 
gave identical results. The acidic alumina method is very simple 
and gives an aqueous eluate with only a light, yellowish-brown color. 
However, it is somewhat more time consuming because the elution 
with water is very slow unless pressure is applied. Also, because of 
the larger volume of water from which morphine crystallizes, it is 
often difficult to obtain a sufficient amount of crystals if the mor- 
phine content in opium is low (<8%). For the maximum yield of 
morphine, pH must be adjusted carefully to the isoelectric point of 
morphine. 


It is of crucial importance in the isotope dilution method that 
morphine from the opium sample and the radioactive standard form 
a homogeneous mixture. Since the radioactive standard is used in the 
form of a base while morphine is present in opium as a salt, attempts 
were made to increase the homogeneity of the mixture by: (a) 
addition of a small amount of acid to  the dimethyl sulfoxide (1 drop 
of concentrated sulfuric acid in 5 ml. of dimethyl sulfoxide), or (b )  
use of concentrated acetic acid instead of dimethyl sulfoxide. 
Neither modification gave results which were different from those 
of the original procedure. 


When known amounts of anhydrous morphine were added to 
opium samples prior to  extraction, the recoveries were 99.5-100.5% 
based on the average assay values obtained without added mor- 
phine. Recoveries of 99.6-100.2% were obtained when anhydrous 


*From the collection of the United Nations Division of Narcotic 
Drugs. 
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Table 11-Determination of Morphine in Opium (Percent)a 
~ ~ ~ ~~~ 


Isotope Dilution Method- 
-Neutral Alumina- -Acidic Alumina- 


Opium Sample 3H "C 3H 1 4c Other Methods 


USP Dowder 11.47 - 11.52 - 9 l o b  
USP granular 
U N 2 A  
1JN 15 - -  
UN 25 A 
UN 38 G 


11.69 
13.37 
16.24 
18.53 
17.54 


11.69 
13.43 
16.22 
18.50 
17.58 


~~ .~ 


11.71 
13.33 
16.23 
18.39 
17.50 


11.71 


16.26 
18.40 
17.46 


- 
10150b, 11.4" 
14.0", 13.95d,13.5" 
16.5". 16.17d 
18.3"; 17.85d, 18.1" 
17.51d, 17.0' 


~~ 


Average values of two or more determinations. b USP XVIII method (1). 0 GC method (23). d TLC (22). e Modified Mannich's method (38). 


morphine was carried through the procedures without opium pres- 
ent. Addition of codeine, thebaine, papaverine, narcotine, and 
narceine in amounts that would double the percentages of these 
alkaloids normally found in opium had no effect on the determina- 
tion of morphine. 


After two recrystallizations, no impurities could be detected in 
the morphine crystals by GLC, TLC, or high-pressure liquid chro- 
matography. 


The precision of the isotope dilution method-both extraction 
procedures-was calculated to be 0.4% (relative standard devia- 
t ion). 


EXPERIMENTAL 


Materials-Acid-washed diatomaceous earth3 and Woelm alu- 
minum oxides' were used for dispersion and partial purification of 
opium. All solvents were reagent grade. The chromatographic 
tube was 25 cm. long. The lower part, about 12-13 cm. in length, 
had an internal diameter of 10 mm.; the upper part, which served 
as a solvent reservoir, had an internal diameter of 22 mm. The tube 
was equipped with a fritted-glass disk of coarse porosity for sup- 
port of the column packing. The scintillator solution was prepared 
by dissolving 5.5 g. of 91 z 2,5-diphenyloxazole-9z dimethyl 
1 ,4-bis-2-(4-methyl-5-phenyloxazolyl)benzenes in enough scintil- 
lation grade toluene to make 1 1. 


Equipment-The radioactive morphine standard for dilution and 
the samples for scintillation counting were dried in a drying pistol 
a t  about 0.025 mm. Hg at a temperature of about 80" (boiling 
benzene) and weighed6. The radioactivity was determined with a 
liquid scintillation spectrometer7. The efficiency, determined with 
internal standards of radioactive toluene, was about 92z for 14C 
and about 46% for 3H. 


Preparation of Labeled Morphine-Anhydrous morphine base 
was labeled by base-catalyzed tritium exchange as described by 
Battersby et a/. (31), and the product was diluted with nonradio- 
active morphine to a specific activity of about 100,OOO counts/min./ 
mg. After five crystallizations from aqueous methanol, the crystals 
were dried in uacuo and stored in a tightly closed vial in a desic- 
cator over Aquasorb* and protected from light. 


Morphine labeled with 14C in the N-methyl group was isolated 
from opium poppies which had been fed (&)-reticuline-N- 14CH3 
(37). After purification and drying, the anhydrous base had a specific 
activity of about 30,000 counts/min./mg. 


Assay Procedures-Acidic Aluminum Oxide Method-Acidic 
aluminum oxide (2 g.) was placed in distilled water, and air bubbles 
were removed by stirring with a glass rod. Very fine particles were 
removed by repeated suspension and decantation, and the remainder 
was transferred to a chromatographic tube and allowed to settle. 
Water was drained off until it was level with the top of the alu- 
minum oxide layer. One gram of opium and 10-20 mg. of radio- 
active morphine, accurately weighed, were placed in a glass mortar 
with a spout, and the mixture was triturated with 2 ml. of dimethyl 
sulfoxide for about 5 min. Diatomaceous earth (2 9.) was added 
gradually, and the trituration continued until a uniform paste was 
obtained. Acidic aluminum oxide, Activity IV (3 g.), was added to 


~~~~~~~~~~~ ~ 


8 Celite 545, Johns Manville Corp. 
4 Distributed by Waters Associates. 
6 Permablend I, Packard Instrument Co., Inc. 
6 On a Cahn Gram Electrobalance. 
7 Packard Tri-Carb, model 3375. 
8 Mallinckrodt Chemical Works. 


the mixture with gentle stirring, followed by 10 ml. of water: the 
mixture was stirred occasionally for 10-15 min. and transferred 
to the chromatographic tube. The stopcock was opened, and the 
eluate was collected in a 150-ml. separator. The mortar and pestle 
were rinsed with 3 X 5 ml. of water, and each washing was trans- 
ferred to the chromatographic tube as the liquid reached the top 
of the column packing. Finally, the elution of alkaloids from the 
column was continued with water until 50 ml. had been collected 
in the separator. 


After addition of 2 ml. of 4 N NaOH, the solution was extracted 
twice with 40 ml. of a mixture of chloroform-isopropyl alcohol 
(4:l) and once with 40 ml. of ether. The aqueous solution was col- 
lected in a 125-ml. conical flask containing 2.0 g. of ammonium 
chloride. When the ammonium chloride had dissolved, 1 ml. of an 
ammonium chloride-ammonium hydroxide buffer solution of pH 
9.0 and 30 ml. of ether were added; the flask was stoppered, shaken 
vigorously, and placed in the refrigerator for crystallization of mor- 
phine. The crystals were collected on a fritted-glass filter of medium 
porosity, washed with ice-cold water, and air-dried with suction for 
a few minutes. The suction was turned off, the crystals dissolved 
on the filter in about 2-3 ml. of warm methanol, and the solution 
was filtered. The filtrate was heated gently, if necessary, to redissolve 
the morphine which had crystallized; then 2-3 drops of water were 
added and the solution was set aside to crystallize. This recrystal- 
lization was repeated twice, and the pure crystalline morphine base 
was dried in uacuo at 80" for 2-3 hr. 


Neutral Aluminum Oxide Method-A small pledget of cotton was 
placed on top of the fritted-glass disk of the chromatographic tube, 
and 12-15 ml. of a mixture of chloroform-isopropyl alcohol (3:l) 
was added. Neutral aluminum oxide, Activity IV (2 g.), was poured 
into the column and allowed t o  settle. One gram of opium and 10-20 
mg. of radioactive morphine standard, accurately weighed, were 
placed in a glass mortar with a spout and triturated with 1 ml. of 
water. Diatomaceous earth (2 9.) was added in small portions, and 
the trituration was continued until a uniform powder mixture was 
obtained. Finally, 0.5 ml. of concentrated ammonia was mixed in 
quickly and the powder was transferred to  the chromatographic 
tube. The mortar and pestle were wiped with cotton moistened with 
chloroform-isopropyl alcohol (3: l), and the cotton was placed on 
top of the column packing. The alkaloids were eluted with 100 ml. 
of the chloroform-isopropyl alcohol mixture; the eluate was col- 
lected in a 250-ml. separator and extracted, first with 10 ml. and 
then with 5 ml. of 0.1 N NaOH. After each extraction the organic 
phase was drained into a flask, and the aqueous extract was trans- 
ferred to  a 50-1111. glass-stoppered flask by means of a 22.8-cm. 
(9-in.) disposable Pasteur pipet. Twenty milliliters of ether, 500 mg. 
of ammonium chloride, and 1 ml. of an ammonium chloride-am- 
monium hydroxide buffer solution of pH 9.0 were added; the flask 
was stoppered and shaken vigorously for about 2 min. and placed 
in a refrigerator. After about 1 hr. the crystalline precipitate was 
collected and purified by recrystallization as already described. 


For determination of radioactivity, 1--1.5-mg. samples of the 
isolated morphine and the labeled morphine standards were 
weighed accurately, placed in separate counting vials, and dissolved 
in 0.2 ml. of methanol. Ten milliliters of scintillator solution was 
added to each vial. A blank of methanol and scintillator solution 
was prepared for determination of background counts. 


The percentage of morphine in opium was calculated as follows: 


($ - 1) = morphine 
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where: 


A = specific activity of radioactive morphine standard (counts/ 


B = specific activity of isolated morphine 
C = amount of radioactive morphine standard added to the 


D = amount of opium used for extraction (mg.) 


min./mg.) 


opium sample(mg.) 
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Migration of Potent Drugs in Wet Granulations 


IMTIAZ A. CHAUDRY* and ROBERT E. KING’ 


Abstract 0 Sodium warfarin tablets prepared by a wet granulation 
method were shown to be unsatisfactory as to content uniformity 
due to the migration of the drug substance during the drying period. 
By using a TLC method, additives were selected which inhibited 
the migration of the drug substance. The use of these additives with 
sodium warfarin gave satisfactory tablets as to content uniformity 
when a wet granulation method was employed. 


Keyphrases IJ Tablets, content uniformity-migration during 


drying of water-soluble drug in wet granulations, evaluation of 
additive inhibitors 0 Content uniformity, tablets-migration 
during drying of water-soluble drug in wet granulations, evaluation 
of additive inhibitors 0 Migration of drugs in wet granulations- 
evaluation of additive inhibitors 0 Sodium warfarin tablets- 
additive inhibition of drug migration in wet granu’ations 0 Wet 
granulations-inhibition of water-soluble drug migration, evalua- 
tion of additives 0 TLC-evaluation of additives for inhibition of 
sodium warfarin migration in wet granulations 


Compressed tablets are one of the most widely used 
dosage forms for the administration of orally effective 
therapeutic agents. Among the requirements for a satis- 
factory tablet, content uniformity is of prime impor- 


tance (1-4). Uniformity of the drug substance is depen- 
dent on the uniform distribution of the active ingredient, 
or ingredients, throughout the tablet, as well as main- 
taining a constant tablet weight (5 ) .  Some compendia 
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Influence of Power on Quality of Emulsions 
Prepared by Ultrasound 


DONALD M. HIGGINS* and DONALD M. SKAUEN’ 


Abstract The effect of ultrasonic power on a mineral oil-sur- 
factant- water emulsion system was demonstrated. An optimum 
amount of energy was required to produce the best emulsion. Ex- 
ceeding the optimum requirements produced coalescence phe- 
nomena. The best emulsions resulted with optimal surfactant con- 
centrations, at optimal HLB values, and at  highest power levels. 
In  the eniulsions studied, the HLB and surfactant parameters were 
more important than the power parameters. 


Keyphrases [I Emulsions, mineral oil-surfactant-water-effect of 
ultrasound, HLB, surfactant, and power parameters 0 Ultrasound 
-etfect on mineral oil-surfactant-water emulsions, HLB, sur- 
factant, and power parameters 


In recent years, many workers have utilized various 
types of ultrasonic generators t o  form emulsions. Beal 
and Skauen ( I )  investigated the effect of exposure time 
and sample geometry on the quality of the emulsion 
system. Haavisto and Hagner (2) studied the efficiency 
of emulsification with ultrasound with and without 
emulsifiers. Myers and Goodman (3), Singiser and Beal 


(4), Marshall (3, and McCarthy ( 6 )  all described experi- 
ments using a liquid whistle generator. I n  these studies, 
the main parameters considered were the emulsion 
systems themselves and the length of insonation. Kann 
and Tester (7) utilized a step-horn transducer with fixed 
frequency and variable power. However, they concerned 
themselves with the emulsion rather than instrument 
parameters. 


Since little attention has been focused upon the effect 
of power on the quality of emulsions manufactured by 
step-horn ultrasonic generators, this study was designed 
to determine what effects changes in  ultrasonic power 
might have upon an  emulsion system. 


EXPERIMENTAL 


Sonifier-The ultrasonic instrument’ used in this study utilizes 
a power supply, a sonic converter, and a step-horn transducer. I t  


1 Branson Sonifier model J-17V. Branson Sonic Power Co.. Danbury. 
Conn. 
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Figure I-Determination of Sonifier power leoels using the colori- 
metric chlorine release method. Key: W, power level 80; 17, power 
level 65; und 0, power leael 55. 


operates at  a frequency of 20 kc. with a normal power output of 
1700 in. Ib./sec. The power supply is equipped with an activity level 
control with a dial marked off, in this instance, in arbitrary units 
from zero through 80. To use these units to estimate activity in the 
treatment vessel, a calibration must be performed. Once this is 
accomplished, the effect of a change in power setting on emulsi- 
fication becomes more meaningful. 


Cavitation--Among the several forces which occur during the 
process of emulsification with ultrasound that of cavitation is most 
pronounced (8, 9). Cavitation was defined by El'piner (10) as: "the 
formation of cavities by the liquid and their subsequent collapse, 
which is accompanied by intense hydraulic shocks. A cavitation 
bubble is formed by a temporary reduction of pressure in a partic- 
ular volume inside the liquid if the pressure falls below the threshold 
of the strength of the liquid." One of the methods used to estimate 
energy delivered to the treatment vessel is a modification of that 
described by Weissler (11). This depends upon the liberation of 
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Figure 2--Determirratioti of SotriJier power levels calorimetrically. 
Key:  W ,  power level 80; 0, power level 65; and 0, power level 55. 
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Figure 3-Specific surface values oJ mitieral oil-in-water emulsions 
prepared at various ultrasonic power levels ut surfactant concentra- 
lions of 0.5% rind an HLB of 10. Key: W, power level 80; 0, power 
level 65; and 0, power level 55. 


chlorine from a saturated solution of carbon tetrachloride in water 
when subjected to sufficient amounts of radiation to cause cavitation. 
The chlorine subsequently reacts with a dye, a-tolidine, to form a 
yellow-colored complex which is measured colorimetrically. This 
technique was used in this study. 


With a calorimeter*, a peak color intensity was observed at  435 
nm. The color was stable for 12 min. The Beer-Lambert law was 
verified by developing the colored solution by irradiation with the 
step-horn for 70 sec. and assigning this the arbitrary concentration 
value of 100%. Various dilutions of this "full strength" color solu- 
tion were made and absorbances were taken, and these were plotted 
against concentration. A straight-line plot passing through the 
origin resulted. 


Since positioning of the step-horn relative to the sample is a 
factor in cavitation (12), the depth of immersion yielding the 
greatest amount of cavitation was determined by exposing test 
solutions of carbon tetrachloride and a-tolidine to insonation at  
different depths of immersion of the horn; the highest absorbance 
was obtained when the step-horn was immersed 1.27 cm. (0.5 in.). 
In all future experiments, this immersion depth was maintained. 


The relative amounts of cavitation produced at activity dial set- 
tings of 55, 65. and 80 at exposure times of 10, 15, 25, 30,35, and 40 
sec. were determined. Results are shown in Fig. 1. 


It was decided later to insonate the various emulsions for as long 
as 300 sec., making it necessary to validate the curves in Fig. 1 for as 
long as 300 sec. Because the absorbances dropped appreciably after 
180 sec. of insonation, it was necessary to utilize another calibration 
technique. The following simple calorimetric method was adopted. 
One hundred-milliliter samples of water at  25" were insonated at  the 
three power settings for 30, 60, 120, 180, 240, and 300 sec. and the 
increase in temperature of the water at each interval was recorded. 
Results are noted in Fig. 2. This method includes within it a number 
of sources of energy including cavitation. It is satisfactory, however, 
for the purpose of repetitive calibration of the instrument and for 
demonstrating that there are differences among the various power 
settings. 


(wjw) light 
mineral oil3 in water. The total weight of the emulsions prepared 
ultrasonically was kept to 100 g., an amount convenient to emulsify 
with the Sonifier. The emulsifying agents were blends of sorbitan 
monostearate4 and polysorbate 605. 


The emulsion ingredients were weighed directly in the container 
[a 120-ml. ( ~ o z . ) ,  amber, polyethylene bottle] in which the emulsion 
was to be made in the following order: water, oil, sorbitan mono- 
stearate, and polysorbate 60. Each emulsion was inverted 20 times 
just prior to being emulsified in order to premix slightly. The power 
supply of the Sonifier was adjusted to the desired level, and the step- 
horn was immersed in the emulsion to a depth of 1.27 cm. (0.5 in.). 
In most instances, it was necessary to use an ice bath to  maintain a 
constant temperature (25 f 2"). After the desired time of irradiation 
elapsed, the power was shut off. Aliquots of each emulsion were 
then removed and examined by a photomicrographic and counting 
technique similar to that described by Singiser (1  3).  


Preparation of Emulsions-The emulsions were 30 


2 Beckman Spectronic 20. 
3 Drakeol No. 9. Penn Refining Co., Butler, Pa. 
4 Arlacel 60, Atlas Chemical Ind., Wilmington, Del. 
5 Tween 60, Atlas Chemical Ind., Wilmington, Del. 
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Figure 6-Specific surface values of mineral oil-in- water emulsions 
prepared with various HLB values at surfactunt concentra/ions of 
1.5% and a power level of’ SO. Key: 1, HLB 11.3; 0,  HLB 10; and 
0, HLB 9 .  
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Figure 4-Specific surfuce values o f  mineral oil-in-water emulsions 
prepared at uarious ultrasonic power levels at surfactant concentra- 
tions of 1.0% and an HLB of 10. Key: 1, power level 80: 0, power 
level 65; and 0, power level55. 
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RESULTS AND DISCUSSION 


In this study, emulsions were made at three different power levels, 
with four distinct times of exposure to ultrasonic waves and with 
three concentrations of surfactant blend: 0.5, 1, and 1.5% by weight. 
This was repeated using three different HLB values, 11.3, 10.0, and 
9.0. The emulsions were evaluated on the basis of their specific 
surfaces (S,) expressed in area per unit volume. The particles were 
divided into categories ranging from 1-2, 2-3, 4-5 p, and so on 
up to and including 10-11 p. All visible particles below 1 p were 
included in the 1-2-p category. Those above 11 p were included in 
the I G l I - p  group. A total of loo0 droplets was counted by the 
photomicrographic technique for each emulsion studied, and the 
data collected were subjected to a size-frequency analysis. 


Specific surface data were determined by the method suggested by 
Singiser (13). The midpoint of the class interval was taken as the 
diameter representative of each class. The best emulsion would be, 
by definition, one in which all of the particles counted were in the 
1-2-p interval. This emulsion would have a specific surface of 4.00. 
The worst emulsion would be one where all of the particles counted 
were in the 10-11-p class interval and the specific surface would be 
0.57. An emulsion midway between these two extremes would be one 
in which the lo00 particles were divided equally among all 10 class 
intervals. This emulsion would have a specific surface of 0.729. 


At all three power levels, the absorbance values decreased after 
180 sec. of insonation during instrument calibration with the carbon 
tetrachloride release method. Several explanations for this phe- 
nomenon including oxygen depletion, hydrochloric acid production, 
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Figure 5-Specific surface values of  mineral oil-in-water eniulsions 
prepured a1 various ultrasonic power levels ut surlactant concentra- 
iiom 01 1.5% tinti an HLB of 10. Key: m, power level 80; 0, power 
lecel65; und 0, power level 55. 


and complex destruction may be offered. This effect will be in- 
vestigated further. 


Figures 3-7 illustrate in a general way the overall results of all of 
the emulsions studied. The emulsions in Figs. 3-5 were all prepared 
at an HLB of 10 and at 0.5, 1, and 1.5% surfactant, respectively. As 
shown in Fig. 3, at  the two lower power levels of 55 and 65, there 
was very little change in specific surface; at  the high power level of 
80, a maximum specific surface seems to have been reached after 180 
sec. Since energy input has a time function, it is possible that an ex- 
tension of time of insonation for the 55 and 65 power levels might 
show a corresponding increase in specific surface. 


As surfactant concentration was increased (Fig. 4), the specific 
surface values increased at power levels 55 and 65. In both Figs. 3 
and 4, the influence of ultrasonic energy is easily observed. At the 
highest power level of 80 in Fig. 4, a linear increase in specific 
surface is seen up to 180 sec. followed by a decrease to 300 sec. This 
latter phenomenon possibly illustrates one important effect of 
ultrasonic energy, namely coalescence. With increased power, 
coagulation effects can become operative and would account for a 
decrease in specific surface. Since the possibility of destruction of the 
surfactant exists, solutions of both sorbitan monostearate and 
polysorbate 60 were subjected to insonation for 300 min. at maxi- 
mum power. A modification of the method of Duncombe (14) was 
used to indicate the presence of free fatty acid as evidence of degra- 
dation of the irradiated solutions. No destruction occurred. 


It is possible that Fig. 5 illustrates the effect of surfactant con- 
centration as much as it does the effect of ultrasonic energy. The 
specific surface values were higher at  the lower power levels, prob- 
ably indicating greater availability of emulsifier at  the initial stages. 
The very high value for the 80 power level after 60 sec. insonation 
tends to support this conclusion. The gradual decline in specific 
surface at  300 sec. may show coalescence effects. The lower power 
emulsions at  300 sec. evidently did not reach the threshold for this 
effect. 


60 120 180 
SECONDS 


300 


Figure 7-Specific surface values of minerul oil-in-water emulsions 
at various power levels and optimal srirfacrant (1.5 %) rind HLB (11.3) 
lecels. Key: 1, power level 80; D, power level 65; and 0, power level 
55. 
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Figure 8-Comparison of specific surface values of mineral oil-in-water 
emulsions prepared irltrusotrically and wirk a Homomixer at surfactant 
concentrations of 0.5% and an HLB of 10. Key: M, power level 80; 
0,powerlerel65; O,powerleuel55; and 0, Homomixer. 


In general, all emulsions at all HLB and surfactant concentrations 
were better at high power levels than at the lower levels until 
coalescence effects became apparent. In most instances, a concentra- 
tion of 1.5% surfactant produced better emulsions at all power 
levels. 


The effect of varying HLB at the optimum concentration of 
surfactant (1.5%) and the highest power (80) is shown in Fig. 6. 
Predictably, the best emulsions are produced at optimal HLB 
conditions. 


It is equally interesting to note (Fig. 7) that for those emulsions 
prepared with optimal HLB (11.3) and surfactant (1.5z) concentra- 
tions, the effect of power is less significant than the other two param- 
eters after 120 sec. exposure. 


As an aid in identifying the quality of the emulsions prepared, an 
Eppenback Homomixer was used to form the same emulsions. The 
comparisons are seen in Fig. 8. It appears that 300 sec. of exposure in 
the Homomixer does not improve the emulsion significantly. The 
specific surfaces of the Homomixer emulsions are lower than those 
of all Sonifier emulsions. 


SUMMARY 


1. When using the Sonifier, there is an optimum amount of energy 
needed to increase specific surface, If this level is not reached, maxi- 


mum specific surface cannot be produced. If this optimum is 
exceeded, the maximum specific surface may not be obtained. 


2. In general, for short insonation periods (180 sec.), the highest 
power settings produce higher specific surfaces than lower power 
settings. 


3. The Sonifier produces oil-in-water emulsions with a very small 
particle size, which are superior to those prepared by the Eppenback 
Homomixer for the system studied. 


4. The best emulsions were those prepared at optimal surfactant 
levels (1.5z), optimal HLB (11.3), and highest power (80). 


5. The effects of HLB and surfactant parameters appear to be 
more important than the power parameter in the emulsions studied. 
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TECHNICAL ARTICLES 


Eutectic Temperature Determination of 
Preformulation Systems and Evaluation by 
Controlled Freeze Drying 


RASHMIKANT M. PATEL. and ARTHUR HURWITZ 


Abstract 0 Differential scanning calorimetry was utilized in the pre- 
formulation screening of three multicomponent drug systems at 
subzero temperatures. The results were demonstrated to  be directly 
comparable to those from differential thermal analysis. The effects 
of formulation additives on differences in melting behavior and 
eutectic temperature were investigated. The effect of added sodium 
chloride varied widely, depending on the nature of the other com- 
ponents. Melting point-composition diagrams were constructed, 
and percent melt values at  a given temperature were calculated. 
Both eutectic temperature and percent melt values were important 
to the evaluation of various compositions. Finally, controlled 
lyophilizations were investigated in an attempt to relate percent 
melt and final product physical appearance. 


Keyphrases 0 Eutectic temperature-effect of additives, preform- 
ulation screening. multicomponent drug systems, differential scan- 
ning calorimetry-differential thermal analysis results compared 0 
Freeze dryittg-definition of lyophilization, preformulation screen- 
ing, rnulticomponent drug systems, differential scanning calorim- 
etry-differential thermal analysis results compared 0 Differential 
scanning calorimetry-preformulation screening, multicomponent 
drug systems, compared to differential thermal analysis 0 Differen- 
tial thermal analysis-ompared to  differential scanning calorim- 
etry, preformulation screening, multicomponent drug systems 0 
Formulations-effect of additives, preformulation screening, mul- 
ticomponent drug systems, determination of eutectic temperature, 
lyophilization conditions defined 


The importance of eutectic temperature to the design 
of an optimum lyophilization cycle has been well docu- 
mented (1-5). Low temperature differential thermal 
analysis (6-14) and electric resistivity have been applied 
(1,4) in detecting eutectic transitions in various systems. 


CHART READING 
38.4 58.4 78.4 98.4 118.4 


I , ,  


0 
0 z 
W r I I I I I I I I I  


-60" -40" -20" 0" f20" 
TEMPERATURE (CORRECTED) 


Figure 1-Differential thermal analysis rhermograms. K e y :  A ,  
water; and B, 2.6z ( W I D )  aqueous sodium chloride. Heating rate = 
IO"/min.. scale = 2O"/in., AT = 2"/in. ,  arrdatmospl~ere = air. 


Since quantitation is possible, differential scanning 
calorimetry has been utilized for the determination of 
purity of organic compounds (15, 16) and freezable 
water in bread dough (17). The application of low tem- 
perature differential scanning calorimetry is not new. 
However, it has not been used in the detailed analysis of 
composition variables affecting pharmaceutical prepara- 
tions to be lyophilized. 


This study demonstrates the utility of differential 
scanning calorimetry and differential thermal analysis in 
the preformulation evaluation of component levels and 
lyophilization conditions. The effccts of added sodium 
chloride on eutectic temperature variation for three 
pharmaceutical systems were determined. From a tem- 
perature--composition diagram, the percent melt at a 
given temperature was calculated. With eutectic tem- 
perature and percent melt values, optimization of com- 
ponent addition was possible and definition of lyophili- 
zation conditions was achieved. 


EXPERIMENTAL' 


Materials-Three preformulation systems were screened: (A) 
drug-sodium citrate-lactose-sodium acetate (10: 5 :  75: lo), (B) 
drug--sodium citrate-lactose (10: 5: 85) ,  and (C) drug-sodium 
citrate (75: 25). Sodium chloride, lactose, and buffer salts were rea- 
gent or USP grade. 


Calibration of Differential Thermal Analysis---No critical evalua- 
tion of reference compounds for subambierit temperature is availahle 
( I  8). Various investigators have used chloroform, anisole, and water. 
For this study, water was selected as  a reference material because of 
convenience, temperature range of intent, and sample character. 
Glass beads were used as the reference. The samples were cooled to  
- 140" with liquid nitrogen and then scanned on a warming cycle a t  
a heating rate of IO"/min. The melting transitions of ice for nine 
samples of distilled water were averaged and corresponded to  a 
chart reading of 98.4 -f 1.2. This value wits assigned 0". The endo- 
therm of water is shown in Fig. 1. 


For 2.2 and 2.6z aqueous sodium chloride solutions, the eutectic 
transition (T,)  was observed a t  the dial reading of 78.0 or -20.4". 
A value of -21.2' (corrected) was reported (7) from differential 
thermal analysis data for 3z aqueous sodium chloride at  a heating 


1 The differential scanning calorimeter (Perkin-Elmer DSC-IB) was 
equipped with a low temperature Dewar flask, a Servo Riter I1 recorder 
(Texas Instrument Inc.). and aluminum pans designed to hold liquid 
samples. The differentla1 thermal analyzer (DuPont model 900) was 
equipped with a low temperature cell, ceramic sleeves for centering the 
chromel--alumel thermocouples in macrotubes and charts (Part 900325). 
A laboratory scale lyophilizer (Hull model 650-4F6) with Honeywell 
recorder, stainless steel baffle, aluminum rnctd block [0.61 m. X 0.31 rn. 
X 2.8 cm. (2 ft. X I f t .  x 1 . I  in.)], and other accessories for lyophiliza- 
tion was used. 
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Figure 2-Differential scanning calorimetry thermograms. Key:  A,  
water; and B, 2 . 6 z  aqueous sodium chloride. Range = I and 8 
mcal./sec. for  A and B, respectively. Heating rate = IO"/min., and 
chart speed = I in./min. 


rate of 20"/min. The accepted value for the aqueous sodium chloride 
eutectic is -21.6' (1). Therefore, calibration of the temperature 
scale based on the endothermic transition of water resulted in a 
variation of 1.2" at the eutectic temperature of aqueous sodium 
chloride. The observed melting transitions ( T m . p , )  of ice for 2.2 and 
2.6% aqueous sodium chloride were -2.9 and +0.1 O,  respectively, 
with a deviation from calculated values of zk1.5". Therefore, the 
observed variation in the differential thermal analysis transition 
temperature for water and aqueous sodium chloride was Z!Z 1.2-1.5". 


Sample Preparation for Differential Thermal Analysis-From 1 to 
40 mg. of triturated samples was weighed into microsample tubes. 
Ten microliters of water was added to obtain samples containing 
20-99z (w/w) water. The contents were carefully mixed with a 
needle, and then the tubes were plugged with a size 000 cork. After 
thorough equilibration, the samples were analyzed. 


Calibration of Differential Scanning Calorimeter-The tempera- 
ture scale was calibrated with water and evaluated with aqueous 
sodium chloride solution. The thermograms are shown in Fig. 2. 
Ten milliliters of test solution was added to the sample pan. The 
pan was capped, properly crimped, and transferred to the sample 
cell. A crimped empty reference pan was placed over the reference 
cell. The cell holder was covered with the flask (Dewar) and cooled 
to - 85' by addition of liquid nitrogen. Samples were warmed under 
identical conditions at lO"/mln. 


The conventional procedure for determining melting points based 
on slope-baseline intercepts of a reference standard was not 
directly applicable. Variation in the inflection point and broad 
endothermic transition occurred in some cases. Therefore, the melt- 
ing points were determined from the peak of each endotherm. 


The endothermic maximum for the melting transition of ice cor- 
responded to a dial reading of 107, and this value was assigned 0". 


I ,  
-60" -50" -40" -30" -20" -10" 0" 


TEMPERATURE 


Figure 4-Differential scanning calorimetry thermogram of System 
B with 9.8% sodium chloride and S6.7Ix  ( w / w )  water. Range = 
4 mcal./sec., heating rate = IO"/min., and chart speed = I in./min. 


A thermogram of dilute aqueous solution of sodium chloride (2.6%) 
showed a melting transition of ice ( T m . p . )  at  - 1.5" and a sharp eu- 
tectic transition ( T e )  at -22". These values determined from the 
endothermic peaks were only 0.24.4" lower than calculated and 
literature values (1, 19). Therefore, calibration of the differential 
scanning calorimeter with water was considered adequate and 
resulted in small variations. 


Thus, the differential scanning calorimetry procedure appeared 
comparable to the differential thermal analysis technique. As a 
result, both methods were used interchangeably throughout this 
study. 


Sample Preparation for Differential Scanning Calorimetry-The 
sample pan and cap were tared on a microbalance. A triturated 
sample, 0.1-4 mg., and 1.0~1. water from a microsyringe were added 
to the sample pan. The sample pan was then capped and crimped. 
Thus, samples containing 2&99z (w/w) water were prepared. 
Samples containing more than 80% (w/w) water were run immedi- 
ately. However, those containing less than 80% water were left 
overnight to ensure equilibration of the contents. The equilibrated 
samples were checked for water loss and were found to retain weight 
within the error of the experiment. The samples were finally opened. 
and inspected for homogeneous wetting. 


Lyophilization Studies-An aluminum block, drilled to hold sam- 
ple vials nearly equidistant, was used to assess heat conduction 
effects. Eight vials were placed directly into the block, while seven 
had the normal air space filled with high vacuum silicone grease2. 
This is shown diagrammatically in Fig. 3. The silicone was used in an 
attempt to improve heat transfer and thus reduce vial-to-vial varia- 
tion. Two additional vials were placed directly onto the top shelf. 
In each vial, System A with 5.35 (w/w) added sodium chloride was 
dissolved in 7 ml. of water. Five thermocouples were placed in the 
silicone-packed vials and one thermocouple in an air-exposed vial. 


The vials were equilibrated overnight to -50" and then brought 
to a higher temperature to obtain a desired percentage melt ( i e . ,  0% 
melt a t  -38" or 14z melt at -25"). Four hours was allowed for 
final sample equilibration prior to the application of vacuum. Dur- 
ing freeze drying, both the product temperature and shelf tempera- 
ture were controlled to =t2" until sample thermocouple readings 
became irregular. The lyophilization was further continued at this 
lower shelf temperature for 24 hr. without attempting to control 
product temperature. Finally, the cycle was completed by heating to 
+SO" at  a rate of 5"/hr. The final products were compared for melt 
phenomena and overall physical appearance. 


A 


0" -I 
Figure 5-Temperature- 
composition diagram of 
System B containing 9 , 8 2  
sodium chloride. 


I C  J 


Figure S-Schematic  diagram of samples in aluminum tray. Key:  A ,  
thermocouple; B ,  vial; C,  aluminum tray: D ,  liquid level; E ,  air 
pocket; and F, vacuum grease. 
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2 Dow Corning. 
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Figure 6-Differential scanning calorimetry thermogram of System 
A with 5.3% sodium cliloride and 66.66% (w/w)  water. Heating 
rate = IO"/min,, range = 4 mcal./sec., and chart speed = I in./min. 


RESULTS 


Thermograms and Construction of Phase Diagrams-A differential 
scanning calorimetry thermogram for System B, containing 9.8 % 
added sodium chloride and 56.71 % (wlw) water is shown in Fig. 4. 
Both eutectic (Te) and melting-point (T,,,.p.) transitions were ob- 
served. The latter endotherm gradually disappeared as the water 
content in the sample reached that of the eutectic composition. 
Finally, only the eutectic transition was observed. A plot of transi- 
tion temperature of ice against corresponding percent (w/w) water 
(Fig. 5 )  defines the melting-point curve and the eutectic tempera- 
ture. 


For several systems, A, B, C, and A with sodium chloride, the 
thermogram contained only one endotherm, the melting-point 
transition. A typical scan for System A with 5.35 % added sodium 
chloride and 66.66% (w/w) water is shown in Fig. 6. It demonstrates 
a distinct endotherm due to the melting of ice (T,,,,p ) and a subtle 
endothermic change at the inflection point (shown by the arrow). 
Similar endothermic transitions were also observed for this system 
containing varying amounts of water. However, with the reduction of 
water content, melting-point transitions shifted toward lower tem- 
peratures and endotherm intensity decreased. Finally, the endotherm 
disappeared for samples containing no freezable water. A plot of 
transition temperature of ice uersus percent (w/w) water defines a 
melting-point curve, as shown in Fig. 7. 


The eutectic and melting transitions were seen to coincide at the 
eutectic temperature for Systems B and C with salt (Figs. 5, 9, and 
10). Therefore, the disappearance point of the endotherm approxi- 
mates the eutectic temperature ( T J )  for Systems A, B, C, and A 
with salt (Fig. 7). This approximation is affected by the amount of 
freezable water present (17) and the detectability of the endotherm 
associated with this water. Furthermore, these experimentally 
determined values appear valid since they were consistent with the 
results obtained under the controlled temperature Iyophilization 
studies described later. 


Percent Melt Calculation-The system described in Fig. 7 would 
have 100% melt above 0" but no melt below the apparent eutectic 
transition (TJ) .  The percent melt at a given temperature would be 
calculated from lOOX/X + Y(12). 


Melting-Point Curves for Various Systems-Data to describe 
melting-point curves were obtained under two experimental condi- 
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Figure 7-Composition- 
temperature diagram for  
System A with 5.36% sod- 
ium chloride. 
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Figure 8-Temperature-composition diagrams for  System A with 
and without added sodium chloride. Key: 0, System A ;  0, A with 
9.6% sodium chloride; and m, A with I3.87; sodium chloride. 


tions. Each system, A, B, and C, was studied directly or with various 
amounts of sodium chloride. The melting-point curves generated 
from these various studies for Systems A, B, and C are shown in 
Figs. 8, 9, and 10, respectively. 


DISCUSSION 


Formulation Variables-Lyophilizatiori is a process used to over- 
come solution instabilities. Therefore, formulation components must 
be selected with reconstitution properties in mind. However, compo- 
nent selection and quantity also affect the acceptabilityof the physical 
properties of the dried mass as well as the time cycle required for ly- 
ophilization. The formulator must have reliable means to assess the 
effects of various additives. Components needed for bulking, buffer- 
ing, or isotonicity also affect eutectic and thawing temperatures and, 
thus, optimum lyophilization conditions. As a result, several formu- 
lation combinations must be evaluated flm a given drug. 


Comparison of Systems without Salt--The melting-point curves 
obtained for Systems A, B, and C with no added sodium chloride 
appear in Figs. 8 ,9 ,  and 10, respectively The apparent eutectic tem- 
perature for System A (TJ - 30") was lower than that for System B 
(TJ -22"). The addition of sodium acetate for buffering and the 
reduced lactose in System A were the probable causes. The eutectic 
temperature ( T J )  of aqueous sodium acetate was found to be -28". 
Sugars, on the other hand, showed uidely varying results in re- 
ported studies (1, 4, 20). These observations on sugars range from 
glass formation with no discrete eutecfic temperature (20) to little 
or no effect (I). In Systems A and B, there was no evidence of glass 


Table I-Calculated Percent Melt Values for Systems A and C 
without Sodium Chloride 


-- Percent Melt-- 
Temperature System A System C 


-20" 
- 220 ~~ 


-25" 
-29" 
-30" 


6 . 7  9 . 5  
4 . 9  6 . 5  
2 .4  2 . 7  
0 . 6  0 . O( T J )  
0 . O( T&) - 
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Figure 9-Temperature-composition diagrams for System B with 
and without added sodium chloride. Key: e, System B; A, B with 
1.8% sodium chloride; m, B with 3.5% sodium chloride; 0, B with 
5.2z sodium chloride; A, B with 9.8% sodium chloride: and D, B 
with I5 % sodium chloride. 


transition and the overall effect of lactose was to raise the eutectic 
temperature. 


While the observed eutectic temperatures for Systems A and C 
were quite similar, significant overall differences were present in 
their melting pointxomposition diagrams shown in Figs. 8 and 10, 
respectively. The lower melting-point temperatures observed for 
System C probably result from the absence of lactose and the higher 
drug-buffer ratio in the composition. The extent of melt a t  tem- 
peratures near the eutectic point must be of concern since vial 
temperature within a freeze dryer may vary under production 
lyophilization conditions. Even though Systems A (- 30") and 
C (-29") haye very similar eutectic temperatures, they differ in 
the percent melt at selected temperatures. The comparison of per- 
cent melt values for these systems calculated from the melting-point 
curves (Fig. 8 and 10) are shown in Table I. The amount of melt at 
temperatures just above the eutectic temperature is greater for C 
than A. Thus, evaluation of proposed formulations should com- 
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Figure 10-Temperature-composition diugrums for System C with 
and without added sodium chloride. Key: 0, System C; e, C with 
7.7% sodium chloride; und A, C with 1 9 . 7 z  sodium chloride, 
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Figure 11-Effect of added sodium chloride on melting points of 
various systems at 2.8% melt. Key: 0, System A ;  m, System B; 
and A,  System C .  


pare percent melt values at a given temperature as well as at the 
eutectic temperatures. 


Comparison of Systems with Sodium ChJoride-Sodium chloride 
was added to Systems A, B, and C to raise the eutectic temperature 
and improve the melt characteristics. The resultant apparent eutec- 
tic, true eutectic, and melting-point temperatures varied with the sys- 
tem and sodium chloride added. These observed effects on the melt- 
ing-point curves are shown in Figs. 8-10. 


For System A, increasing amounts of salt lowered both the appar- 
ent eutectic temperature( T / )  and the meltingpoint temperature along 
the curve (Fig. 8). Addition of up to 15% (w/w) sodium chloride 
in System A triturates resulted in the expected freezing-point 
depressions. However, no true eutectic transition was observed in 
any of these samples. Aqueous lactose solution with low levels of 
added sodium chloride did not show the eutectic transition of 
sodium chloride on differential thermal analysis thermograms. This 
apparent quenching effect was partly attributed to lactose in the 
composition. Masking of the sodium chloride eutectic transition by 
sodium acetate alone or in combination with lactose in System A 
could not be overcome. Therefore, no improvement in freezing- 
point characteristics nor any advantage for lyophilization resulted 
from sodium chloride addition to System A. 


loof----- 90 


Figure 12-Percent melt 
calculated .from liquids for 
System A with 5.35% 
sodium chloride, 
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The addition of 7.7% (w/w) sodium chloride in a triturate of 
System C resulted in the appearance of a true eutectic transition 
on the differential thermal analysis curve. The eutectic temperature 
was slightly higher than that for System C without sodium chloride. 
Also, added sodium chloride decreased the melting points and the 
percent melt a t  a given temperature. At -20”, the percent melt 
values for 0, 7.7, and 19.7% (w/w) added sodium chloride were 
9.5, 5.0, and 4.2%, respectively. Thus, for System C the addition of 
sodium chloride may be expected to  permit lyophilization a t  higher 
temperatures, resulting in a shorter cycle. 


Small amounts of sodium chloride added to  System B triturate 
produced behavior similar to that observed for System A. No true 
eutectic transition was observed. Both the apparent eutectic tem- 
peratures and melting points decreased, while percent melt at  a 
given temperature increased. The apparent eutectic transitions 
(TJ )  for 0, 1.8, 3.5, and 5.2% (w/w) added sodium chloride were 
- 22, - 34, - 35, and - 36”, respectively. However, addition of 9.8 
(w/w) sodium chloride caused the appearance of true eutectic 
transitions similar t o  those observed for System C. These eutectic 
values were slightly lower than those for System B without salt 
(Fig. 9). The percent melt, which had initially increased, now de- 
creased with added sodium chloride. 


The data presented in Fig. 11 serve to summarize the various 
effects of added sodium chloride in these systems. The effects of 
sodium chloride on the melting points of Systems A, B, and C are 
shown a t  a fixed percent melt. Increased amounts of salt decreased 
the melting points for System A, increased those for System C,  and 
initially decreased and then increased those for System B. 


Formulation and Lyophilization Cycle Evaluation -The differential 
scanning calorimetry or differential thermal analysis melting-point 
diagrams supply the data necessary for selection of an  optimum ly- 
ophilization formulation. A high eutectic temperature and low per- 
cent melt at  temperatures near the eutectic are desirable character- 
istics. However, in some cases, a formulation possessing these opti- 
mum properties may not be suitable because of other requirements. 
These might involve solubility, volume of fill, desired final mass, iso- 
tonicity, buffering, or stabilization. A formulation not optimum on 
the basis of its melting-point properties could possibly be selected for 
some of these reasons. A formulation and its potential lyophilization 
cycle can be evaluated considering available eutectic temperature 
and percent melt data. Lyophilization trials can be designed t o  
determine workable temperature ranges above the eutectic. The 
final evaluation of desirable cycle conditions would be based upon 
the physical appearance of the final dried product. 


To  test this procedure, a formulation of System A containing 
5.35% sodium chloride was studied. This mixture did not exhibit 
optimal characteristics desirable for a lyophilization formulation. 
The mixture was a potential combination that might be needed t o  
satisfy several diverse requirements. A melting-point diagram was 
generated (Fig. 7), and percent melt data were calculated from the 
melting-point curve. A plot of percent melt against temperature is 
shown in Fig. 12. 


Separate lyophilization experiments were conducted at  five 
different temperatures above the eutectic (-38 t o  -2O“), repre- 
senting varying amounts of melt (0-22.5%). The results indicated 
that: 


1 .  To maintain temperature control within f 2 ” ,  it was necessary 
to immerse the sample vials in silicone. Vials placed directly into 
the holding block showed temperature variations up to 5-10” 
lower than desired during lyophilization, with the result that these 
vials exhibited much lower drying rates. 


2. Acceptable cakes were obtained a t  - 38 and - 35”. However, 
at  - 35”. evidence of partial melt on the vial walls and some layering 
in the final cake were observed. These results supported the informa- 
tion derived from thermal analytical studies and the associated 
melting-point diagrams. The accuracy of the apparent eutectic 
temperature was substantiated in that n o  melt was observed a t  


3. As expected, with increasing melt, final cakes became less 
acceptable. Samples lyophilized at  -30, -25, and -2O”, repre- 
senting 5.6, 14.1, and 223Z melt, respectwely, gave products with 
decreasing elegance. 


4. It was concluded that this formulation could be lyophilized 
safely only up to 3” above its eutectic temperature. Any greater 
temperature difference would cause serious physical appearance 
deficiencies in the final cake. 


-38”. 
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and retention time. Evidently, the adsorption takes 
place at  the beginning of the column in order to meet 
the criteria of obtaining the same peak shape and re- 
tention time as the standard glycol solution. 


We found that as long as an ethylene glycol standard 
is employed in the same concentration range as is found 
in the sample, the results are quantitative and no signif- 
icant error is obtained even upon duplicate injections. 
Again, it is important to keepin mind that this phenome- 
non does exist, and it should be considered in the quanti- 
tative as well as the qualitative analysis of ethylene 
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Use of Confidence Intervals in Analysis of 
Comparative Bioavailability Trials 


Keyphrases 0 Bioavailability trials, comparative-analysis, use 
of confidence intervals Confidence intervals-analysis of com- 
parative bioavailability trials 0 Drug formulations, comparison- 
use of confidence intervals in analysis of comparative bioavail- 
ability trials 0 Clinical equivalence of drug formulations-use of 
confidence intervals in analysis of comparative bioavailability 
trials 


Sir : 


The current emphasis on the comparative bioavail- 
ability trial, in which a new formulation of a drug is 
compared against a standard formulation in human sub- 
jects, is attracting considerable attention. Today such a 
trial is a key element in the submission of an abbrevi- 
ated New Drug Application, in which the object is to  
show that the in uiuo characteristics of the new formu- 
lation are essentially identical to those of an already 
approved, standard formulation. Typically, a crossover 
trial is employed, and blood levels of the drug at vari- 
ous times after administration and/or amounts of drug 
excreted i n  the urine are determined. Results are often 
analyzed using the classical statistical theory of hypothe- 
sis testing, in  which the null hypothesis of no difference 
between the formulations is tested with respect to  some 
characteristics of the blood or urine levels of the drug. 
Presumably, if the difference between the formulations 
turns out to be significant at  the 0.05 or 0.01 level, one 


rejects the null hypothesis and concludes that the new 
formulation does not match the standard. 


The purposes of this communication are to suggest 
that classical hypothesis testing techniques may not be 
particularly relevant to this problem and to propose, 
as an alternative, an approach based on confidence 
intervals. To bring the problem into focus, it is assumed 
that the new and standard formulations are to be com- 
pared with respect to total amount of drug excreted in 
the urine for some specified period following adminis- 
tration. If the trial is then run under tightly controlled 
conditions (resulting in small error variance in the 
analysis) with a large number of subjects, it could 
happen that the formulation would give a urinary re- 
covery only 1% different from the standard but that 
this difference would still be significant statistically. 
It should be kept in mind that however small the differ- 
ence between the formulations, it will be detected as 
significant if the trial is sufficiently well controlled and 
the number of subjects employed is large enough. In 
such a situation, the reviewing clinical pharmacologist 
or physician might well feel that a 1 % difference in 
absorption is of no clinical significance, but he might 
also be concerned that this difference is termed signifi- 
cant in the statistical sense. The dilemma is occasioned 
by use of an inappropriate tool-hypothesis testing. 
What he may need is not a test of whether the two 
formulations are identical but rather some degree of 
assurance that the mean amount of drug excreted using 
the new formulation is sufficiently close to the amount 
excreted using the standard. The usual hypothesis 
testing approach does not give this assurance; never- 
theless, the analysis can easily be modified to  provide 
it in a manner that will be meaningful and that can 
provide the basis for a rational decision by the clinical 
pharmacologist. The proposed approach is based on 
the use of confidence intervals and is described here. 


Suppose, to fix ideas, that the total urinary excretion 
of the drug (or the mean drug blood level over a num- 
ber of sampling times) is to be analyzed in a crossover 
trial in 12 subjects, with both formulations-new and 
standard-administered to  each subject. With the 
usual analysis of variance, which is based on the pres- 
ence of additive effects due to subject (11 degrees of 
freedom), day of administration (1 degree of freedom), 
and formulation (1 degree of freedom), one can easily 
verify that the error mean square, s2, is based on the 
remaining 10 degrees of freedom. If pS and p,, are the 
true population means of the mean total urinary ex- 
cretion of drug for the standard and new formulations, 
respectively, and 2, and i,, are the corresponding 
sample means obtained from the trial, then with the 
usual normality assumptions, ( ( 2 ,  - in) - (p,  - p,J] /  


( s /dG has the t-distribution with 10 degrees of free- 
dom. Two constants, kl and k2, can be chosen so that 
the integral of the t-distribution from kz to kl is 0.95. 
Then with 95 probability, the inequality: 


k*S/d6  2 ((2. - En) - (pa - M ~ I  2 k d d 6  (Eq. 1) 


holds. This inequality can be rearranged to give: 


(pa + k?s/d/6 - (2, - % ) I  I fin I 
{pa + kls/.\/6 - (2. - %)I  (Eq. 2) 
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In normal statistical practice, kl is chosen to be equal to 
- k2 to give a symmetrical confidence interval for p 9  - 
/I,,. However, in this instance, one is presumably inter- 
ested in a symmetrical confidence interval for pn of the 
type: 


Pa - A 5 ~.rn I 1.r8 + A (Eq. 3) 


where A = { k , s / d 6  - (2 ,  - 2,)]  = - {k2s /& - 
(2, - F,)) .  This relation implies that k ,  and kz must be 
chosen so that the second and third terms in this 
equality are equal. Thus, the confidence interval for 
the mean urinary excretion with the new formulation 
will be given as an interval which is symmetric about 
the corresponding mean for the standard formulation. 
To achieve this end, one must set: 


2[% - R) = (ki + k&/& (Eq. 4) 


and determine kl and k, accordingly. 
For example, suppose in a particular crossover trial 


in 12 subjects that 5, = 11.5,2, = 10.75, and s = 0.75. 
Then substituting in Eq. 4, one finds that kl + kz must 
equal 4.90. By examination of a tabulation of the prob- 
ability integral for the t-distribution with 10 degrees of 
freedom’, it can now be determined that kl and k2 must 
be approximately equal to 6.72 and - 1.82, respec- 
tively. The value of A can then be computed to be 1.3 1. 
With 95% confidence, it can be stated that the confi- 
dence interval p, f 1.31 covers the mean pn or, alter- 
natively, if p y  is approximated by 2, (i.e., 11,5), that 
with 95% confidence the mean total urinary excretion 
of the drug for the new formulation is within 11.4 % 
(Le., 1.31/11.5) of the mean for the standard formula- 
tion. 


The latter statement is now in a form that the clinical 
pharmacologist can use as the basis for a rational de- 
cision as to the clinical equivalence of the two formula- 
tions. For example, he may have decided that if the 
new formulation comes within 15% of the standard, it 
is essentially equivalent. In the numerical example 
given here, he would presumably decide that the new 
formulation is essentially equivalent to the standard 
even though (as one can easily verify from the numbers 
given) the difference between them is significant at the 
0.05 level. To summarize: a final decision as to the 
equivalence of two formulations of a drug must in- 
volve some judgment on the part of the clinical pharma- 
cologist or physician. To this end, it seems appropriate 
that the statistician’s analysis should result in a state- 
ment that the former can use as the basis for his de- 
cision. If classical hypothesis testing techniques are 
used, however, and decisions are made on the basis of 
significance tests, then the decision is essentially made 
by the statistician and the clinical pharmacologist’s 
judgment is bypassed. It is true that his judgment may 
have played an important part in designing the experi- 
ment, based on the available information concerning 
the inherent variability of the data. However, the judg- 
ment may be largely negated if the variability turns out, 


* See, for example, “Biometrika Tables for Statisticians,” Vol. I, 
E. S .  Pearson and H. 0. Hartley. Eds.. Cambridge University Press. 


in the actual trial, to be either much less or much more 
than anticipated. 


One interesting result of the proposed approach is 
that if a manufacturer produces a formulation that is 
almost identical to the standard, a well-controlled 
experiment of adequate size will give small confidence 
intervals and a high probability of demonstrating 
practical equivalence. A poorly controlled experiment 
of inadequate size, on the other hand, will give confi- 
dence intervals so large that practical equivalence can- 
not be demonstrated. In the latter case, with a hypothe- 
sis-testing approach to the analysis, exactly the reverse 
of this situation is true. 
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Determination of Meprobamate in 
Dissolution Studies : Shortcomings of Direct 
GLC and Development of a New Assay 


Keyphrases 0 Meprobamate-analysis in solution cia hydrolysis 
and silylation, compared to direct GLC method GLC-analysis, 
meprobamate in solution oiu hydrolysis and silylation, compared 
to direct GLC method 


Sir. 


USP XVIII introduced dissolution tests for seven 
kinds of tablets and, in the case of meprobamate, a 
GLC procedure was specified for the determination 
of the drug in solution (1). The USP recommendation 
reads: “. . . the amount in solution being determined 
on filtered portions of the Dissolution Medium by means 
of gas chromatography, the internal standard consist- 
ing of a solution of dibutyl phthalate in anhydrous 
ether containing 0.4 mg. per ml.” This approach was 
used in our laboratory and it was found that, under a 
variety of conditions, meprobamate cannot be ac- 
curately quantitated by direct GLC because of break- 
down of the drug in the injection port. The first sup- 
plement to USP XVIII (2) revised this analytical pro- 
cedure and replaced it by a colorimetric assay adapted 
from a method recently described by Poole et al (3). 
The purposes of this report are to point out the short- 
comings of the USP’s GLC method and to propose a 
specific and sensitive assay for the determination of 
meprobamate in solution. 


The GLC method originally recommended by the 
USP is very similar to that proposed by Douglas et al. 
(4) since both utilize direct GLC of meprobamate as 
well as quantitation with dibutyl phthalate as an in- 
ternal standard. Because the USP did not specify any 
GLC operating conditions, it appeared reasonable to 
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where: 


A = specific activity of radioactive morphine standard (counts/ 


B = specific activity of isolated morphine 
C = amount of radioactive morphine standard added to the 


D = amount of opium used for extraction (mg.) 


min./mg.) 


opium sample(mg.) 
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Migration of Potent Drugs in Wet Granulations 


IMTIAZ A. CHAUDRY* and ROBERT E. KING’ 


Abstract 0 Sodium warfarin tablets prepared by a wet granulation 
method were shown to be unsatisfactory as to content uniformity 
due to the migration of the drug substance during the drying period. 
By using a TLC method, additives were selected which inhibited 
the migration of the drug substance. The use of these additives with 
sodium warfarin gave satisfactory tablets as to content uniformity 
when a wet granulation method was employed. 


Keyphrases IJ Tablets, content uniformity-migration during 


drying of water-soluble drug in wet granulations, evaluation of 
additive inhibitors 0 Content uniformity, tablets-migration 
during drying of water-soluble drug in wet granulations, evaluation 
of additive inhibitors 0 Migration of drugs in wet granulations- 
evaluation of additive inhibitors 0 Sodium warfarin tablets- 
additive inhibition of drug migration in wet granu’ations 0 Wet 
granulations-inhibition of water-soluble drug migration, evalua- 
tion of additives 0 TLC-evaluation of additives for inhibition of 
sodium warfarin migration in wet granulations 


Compressed tablets are one of the most widely used 
dosage forms for the administration of orally effective 
therapeutic agents. Among the requirements for a satis- 
factory tablet, content uniformity is of prime impor- 


tance (1-4). Uniformity of the drug substance is depen- 
dent on the uniform distribution of the active ingredient, 
or ingredients, throughout the tablet, as well as main- 
taining a constant tablet weight (5 ) .  Some compendia 
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Table I-Amount of Sodium Warfarin (Milligrams) Found in 
Different Layers of Samples Removed from Dried 
Granulation of Batch A 


Table II-Fraction of Theoretical Sodium Warfarin Content 
Found in Individual Tablet Samples Removed from Successive 
1000-Tablet Lots of Batch A 


Sample Top Layer Middle Layer Bottom Layer 


1 4  


Tablet Tablet 'Tablet Tablet Tablet 
Lot 1 2 3 4 5 


U 1.74 1.03 1.71 
b 1.74 1.04 1.68 


2b 
U 2.32 1.40 2.25 
b 2.25  1.54 2.19 


a Sample taken from center of granulation bed. * Sample taken from 
side of granulation bed. 


assume that uniform drug distribution does exist within 
tablets and employ the criterion of tablet weight varia- 
tion asacontrol for uniformity of drug substance dosage. 
However, undetectable variations in the active ingre- 
dient when combined with variations in tablet weight 
can result in differences in dosage greater or smaller 
than desirable (6). 


The tolerances of potency as stated in the compendia 
should be indicative of the average potency of a batch of 
tablets. As indicated by Train (7), it is realized that the 
content of each tablet is of primary importance and not 
a good estimate of the mean content of a large number 
of tablets. In assaying individual tablets from 12 com- 
mercial products, Moskalyk et al. (5) found that four 
failed to comply with USP tolerance for potency. There 
appeared to  be a general trend for the tablets to  become 
increasingly more uniform as their weight increased. 
They concluded that greater variations would be found 
in lighter tablets, especially in those containing a rela- 
tively small proportion of active ingredient. Since these 
tablets usually contain a potent drug substance, the need 
for more effective control over dosage variability was 
indicated. 


Uniformity of composition in a tablet prepared by 
wet granulation is the same as in the initial powder 
blend unless demixing occurs during handling, prior to  
or during the wet granulation step, or a drug-soluble 
granulating agent is used which may change the uni- 
formity. In the latter case it would be expected that if 
any drug substance migration occurs during wet granu- 
lation, it would be more prominent and of greater im- 
portance in the case of a solvent-soluble, low dosage 
drug. When water-soluble dyesare used in tablet prepara- 
tion in procedures involving wet granulation, the migra- 
tion of the colorant can readily be noted both in the 
granulations and the compressed tablets. The degree to  
which color migration occurs depends on several factors 
such as the water solubility of the colorant, the condi- 
tions under which the granulation is dried, and the excip- 
ients present (8,9). 


To confirm the occurrence of migration of a solvent- 
soluble drug, compressed tablets of sodium warfarin 
were made using a wet granulation method. Sodium 
warfarin was selected as the substance for investigation 
due to  its high water solubility and the importance of 
well-controlled dosage in its therapeutic use (10, 11). 


It is reasonable to expect that the extent of migration 
of a water-soluble drug during drying of the granulation 
is influenced not only by drying conditions but also by 
the additives present in the granulation. By using a 


I 0.93 0.96 0.76 1.23 1 .20  
(1-1000) 


I1 0.84 0.83 0.60 1 . 1 1  1.18 
(1001-2000) 


I11 
(2001-3000) 


0.78 0.81 1.08 1.16 0.57 


IV 0.80 0.83 0.66 0.87 1 . 1 3  
(3001-4000) 


V 0.68 0.57 0.74 0.54 1.02 
(4001-5000) 


VI 1.07 1.00 0.80 1 . 1 3  0 .54  


VII 0.91 0.77 0.88 1 .12  0.81 
(5001-6000) 


(6001-7000) 
VIII 0.79 0.90 0.87 1.04 0.76 


(7001-8000) 
IX 0.77 0.64 0.97 0.73 0.71 


(800 1-9000) 
x 0.77 1.26 0.80 0.95 0.84 


(9001-10,000) 


TLC technique, additives were evaluated for their ability 
to retard the migration of sodium warfarin. In applying 
this technique, plates of the additives were prepared and 
the additives served as the substrates. 


On the basis of results obtained from the TLC studies, 
a group of additives were selected and sodium warfarin 
tablets again were prepared using a wet granulation 
method. The uniformity of drug substance within indi- 
vidual tablets would indicate that migration of solvent- 
soluble drug during drying of a wet granulation can be 
reduced by the proper selection of additives. 


EXPERIMENTAL 


Materials-The materials used were sodium warfarin USP', di- 
basic calcium phosphate NF2, starch USP3, magnesium stearate 
USP3, acacia USP4, and alginic acid food grade5. 


Tablet Preparation-By using wet granulation methods, two 
batches of 10,000 compressed tablets containing2 mg. sodium warfa- 
rin were prepared according to the following formulas: 


Per Tablet Per Batch of 
(mg.) Ingredients 10,oOo (g.1 


2 . 0  
67.0 


4 . 5  
0.25 


0.75 


2 . 0  
67.0 


13.0 
0.25 


0 . 9  


Batch A 
sodium warfarin USP 2 0 . 0  
dibasic calcium phosphate 670.0 


starch USP 45.0 
starch USP 2 . 5  


N F  


(as 10% w/v starch paste) 
magnesium stearate USP 7 . 5  


sodium warfarin USP 20.0 
dibasic calcium phosphate 670.0 


alginic acid 130.0 
acacia USP 2 .5  


magnesium stearate USP 9 . 0  


Batch B 


NF 


(as 10% w/v solution) 


1 Endo Laboratories, Garden City. L.I., N. Y .  
2 Mallinckrodt Chemical Works, St. Louis, Mo. 
3 Amend Drug and Chemical Co.,  New York, N. Y 
4 S. B. Penick & Co., New York, N. Y .  
5 Kelco Co., Clark, N. J .  
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Figure 1-Distribution of sodium warfarin ill indioidually assayed tablets (Batch A) .  


The materials were blended using a twin-shell blendere, and 
uniform blending was confirmed by assaying for sodium 
warfarin. The powders were mixed with starch paste or 
acacia solution, depending on the batch being prepared, and the 
wet granulation was passed through a No. 8 screen and dried in 
a layer, 1.27 cm. (0.5 in.) thick, at 65-70" for 16-18 hr. in a tray 
shelf dryer?. After passing through a No. 20 screen, the granulation 
was blended with thelubricant using thetwin-shell blender. Thetablets 
were compressed on a single-punch machine7 using a 0.64-cm. (0.25- 
in.) punch of standard curvature. Each 1000 tablets were collected 
separately and labeled successively for each batch. 


Tablet Characteristics-The thickness and hardness of the tablets 
prepared were determined using a thickness gaugeR and a hardness 
tester', respectively. The values reported represent average values 
of 10 determinations on tablets selected at random. Disintegration 
times were done according to  the USP procedure (12). The weight 
variation test, as defined by the USP, was done for 20 tablets from 
each lo00 tablets compressed for each 10,000 tablet batch (12). 
From each batch, 30 tablets were selected at  random and their 
weights were subjected to a statistical analysis. 


Sodium Warfarin, Assay Method-For individual tablets con- 
taining 2 mg. sodium warfarin, the following assay procedure was 
used. The tablet was powdered and transferred carefully to  a volu- 
metric flask. The sodium warfarin was extracted with 20 ml. sodium 
hydroxide solution (1 in 2500) by shaking for 15 min. The solution 
was filtered through paper, and the first few drops of the filtrate were 
discarded. Ten milliliters of the filtrate was transferred to a 125-ml. 
separator and 2 ml. water was added. The solution was adjusted to 
pH less than 3 (pH indicator paper) with hydrochloric acid. The 
aqueous solution was extracted with one 25-ml. and two 15-ml. por. 


6 Patterson-Kelley Co., East Stroudsburg, Pa. 
7 Model E, Stokes Division, Pennwalt Corp., Philadelphia, Pa. 
8 B. C. Ames Co., Waltham, Mass. 


7 


0 
0 


b 
a 


8th 1000 


0 


0 
0 


9th 1000 


OFFICIAL 
LIMIT 
+5.0% 


10th 1000 


tions of chloroform; the chloroform extracts were filtered through a 
pledget of cotton into a 100-ml. volumetric flask. The pledget was 
rinsed, and chloroform was added to bring the volume to  100 ml. 
The absorbance of the solution at 307 nm. was determined, using 
chloroform as the blank, using a spectrophot~rneter~. The quantity 
of ClsHlsNa04 was calculated by the formula: mg. = 2 ( A  at 307 
nm. i 0.311). This method of assay was evaluated, and repro- 
ducible results were obtained. For both batches, five tablets were 
selected at  random from each lot of 1000 tablets and assayed in- 
dividually. 


Migration of Drug Substance-After blending the ingredients in 
the tablet formulations, two samples were taken and the amount of 
drug substance was determined to confirm the uniform composition 
of the mixture. An amount of powder representing theoretically 2 
mg. of drug substance was taken and assayed by the procedure al- 
ready described. Following drying of the wet granulations, two 
samples, approximately 2.54cm. (1  in.)longand 2.54 cm.(lin.)wide, 
were taken from two locations. Each sample was divided into three 
portions, representing the top, middle, and bottom layers of the 
dried aanulations. From these materials, an amount of powder 
representing theoretically 2 mg. of drug substance was taken and 
assayed by the procedure already described. 


TLC-Glass plates (20 X 20 cm.) were thoroughly cleaned and 
dried. An even, uniform suspension or slurry of the material, i.e., 
additive to be evaluated, was prepared; layers 250 p thick were 
spread with the aid of a layer spreader. The plates were allowed to 
dry at room temperature and were subjected to  95-105" for 45-60 
min. before use. A standard solution of sodium warfarin was pre- 
pared and, with the aid of a micropipet, 10 pl. was spotted. An 
ascending chromatographic technique was used, with water as the 
solvent. The ability of sodium warfarin to fluoresce in UV light was 
used as the means of detection and determination of the R j  values. 


9 Hitachi-Perkin-Elmer, model 139. 
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Table III-Rf Values for Sodium Warfarin on Additive 
Substrates, Using Water as the Solvent 


Additive RI Value 


Dibasic calcium phosphate 
Calcium sulfate 
Lactose 
Calcium phosphate + starch (9.2z) 
Starch 
Calcium phosphate + veegum-F ( 5 % )  
Calcium phosphate + alginic acid (15 z) 
Calcium phosphate + acacia ( 5 7 3  
Calcium phosphate 


-t acacia 15 %) + 
algnic acid (15x) 


0.50 
0.72 
0.54 
0.63 


0.68 
0.70 


0.00 


0.41 


0.00 


Table IV-Amount of Sodium Warfarin (Milligrams) Found 
in Different Layers of Samples Removed from Dried 
Granulation of Batch B 


Sample Top Layer Middle Layer Bottom Layer 


1 1.99 1.99 1.93 
2 1.90 1.82 1.80 


The plates were placed in a UV cabinetlo, and the R f  values were 
measured. 


RESULTS AND DISCUSSION 


Migration of Sodium Warfarin-Following wet granulation and 
drying of a formulation (Batch A) containing sodium warfarin, it 
was shown that the granulation was no longer uniform as to sodium 
warfarin content (Table I). Migration of the drug substance had 
occurred during drying. Sodium warfarin, being highly water solu- 
ble, followed the solvent as it moved upward and downward during 
the drying period. Higher concentrations of the drug were found in 
the outer layers, with a reduced amount toward the center as com- 
pared with the initial blended material. Individual assays on the 
tablets compressed from this granulation demonstrated that migra- 
tion of the drug substance during drying resulted in uneven drug 
distribution in the tablets. Of the 50 tablets assayed individually, 
only Six tablets (1273 fell within the acceptable USP limits. The 
remainder of the tablets were outside of official limits (Table I1 and 
Fig. 1). 


Application of TLC-After confirming the Occurrence of migra- 
tion, it was reasonable to assume that if the drug substance had more 
affinity for the additives than the solvent, or if the additives had the 
ability to adsorb the drug, then migration of the drug would be in- 
hibited during drying. Randerath (13) observed that the adsorption 
of the drug substance on the substrate, or the affinity of the sub- 
strate toward the drug substance, has a major effect on the R j  
value. In TLC the greater the affinity the substrate h a s  for the drug, 
the less it migrates, giving a smaller Rf value. TLC appeared to be 
a suitable means for evaluating additives as to their drug migration 
inhibitory properties. 


Since sodium warfarin exhibited the lowest R f  value on calcium 
phosphate (among the three diluents evaluated), it was assumed 
that calcium phosphate has more drug migration inhibitory char- 
acteristics than the other diluents evaluated (Table 111). In spite 
of the fact that calcium phosphate was used in the Batch A granu- 
lation, migration had occurred. The presence of starch in the granu- 
lation reduced the drug migration inhibitory properties of calcium 
phosphate. 


Chromatographic results of calcium phosphate plus alginic acid 
(15%) showed that alginic acid has a drug migration inhibitory 


10 Chromato-Vue, Ultra-Violet Products, San Gabriel, Calif. 
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Table V-Fraction of Theoretical Sodium Warfarin Content 
Found in Individual Tablet Samples Removed from Successive 
1000-Tablet Lots of Batch B 


Tablet Tablet rablet Tablet Tablet 
Lot 1 2 3 4 5 


I 


I1 


I11 
(2001-3000) 


IV 
(3001-4000) 


V 
(4001-5000) 


(1-1Ooo) 


(1 001 -2000) 


VI 
(50014000) 


VII 
(6001-7000) 


VIII 
(7001-8000) 


IX 
(8001-9000) 


X 
(9001-10000) 


0.99 1.00 0.97 0.99 0.97 


1.02 1.02 0.96 0.97 0.96 


0.95 0.98 1.00 0.95 1.03 


0.99 0.99 1.03 1.05 1.03 


1.05 1.00 1.00 1.00 1.05 


0.98 1.00 1.00 1.00 1.00 


1.08 1.01 0.99 1.00 0.99 


1.01 1.04 1.05 1.05 1.05 


1.05 1.01 1.05 1.03 1.05 


1.01 1.04 1.03 1.00 0.99 


effect; with calcium phosphate, it imparts the same characteristic 
to the mixture. A 1 5 %  concentration of alginic acid was used be- 
cause it was an effective disintegrator at this concentration. 


Granulation with Selected Additives-Following wet granulation 
and drying of a formulation containing sodium warfarin and ad- 
ditives selected for their drug migration-inhibitory properties (Batch 
B), the granulation remained uniform with respect to distribution of 
drug substance during drying (Table IV). 'The sodium warfarin con- 
tent of tablets prepared from this granulation, as determined by 
individual tablet assays, confirmed the lack of migration in the 
granulation during drying (Table V and Fig. 2). Eighty-eight per- 
cent of the tablets fell within acceptable USP limits. 


Although falling within the official limits for disintegration, this 
batch of tablets (Batch B) showed a longer disintegration time 
(Table VI). This is due to the stronger binding action of the acacia 
as compared with starch. The study is being continued to  obtain 
the dissolution time for Batch B and to determine the biological 
availability of the drug in animals receiving the tablet with the 
selected additives. 


CONCLUSIONS 


Migration of a soluble drug substance with the solvent during 
drying of a wet granulation results in an uneven distribution of the 
drug substance within the granulation. Sodium warfarin uniformly 
distributed in a granulation prior to drying was shown to migrate 


Table VI-Physical Characteristics of Compressed Tablets 
Containing Sodium Warfarin 


Characteristic Batch A Batch B 


Punch 0.63 cm. (0.125 0.63 cm. (0.125 
in.); standard in.); standard 
curvature curvature 


Hardness 4.0 kg. 4.3 kg. 
(Stokes) (Stokes) 


Thickness 0.18 cm. (0.072 0.22 crn. (0.085 
in.) in .) 


Disintegration 1&12 sec. 16-18 min. 
time (USP) 


Weight variations Conform with Conform with 
USP limits, USP limits, 
76.7 mg.. 10% 82.4 mg., 10% 


82.4 mg. Average weight 73.6 mg. 
Standard deviation 1.52 3.0 
Tablet weight range 70-76 mg. 80-89 mg. 
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Figure 2-Distributioti of sodium warfuriir it1 itidiuidiially assayed tablets (Butch B).  


with the solvent. When assayed individually, tablets compressed 
from the dried granulation showed a wide variation in drug sub- 
stance content; only 12% was within the official limits. 


TLC was utilized to evaluate the ability of tablet additives to 
inhibit the migration of sodium warfarin. The Ry values for sodium 
warfarin were determined, using various tablet additives as sub- 
strates. The movement of the drug substance was detected by its 
fluorescence in UV light. 


Using those materials as additives on which sodium warfarin 
had the lowest R,  values, another batch of sodium warfarin tablets 
was prepared by the same technique as was previously employed. 
Migration of the drug substance within the granulation was re- 
duced, and the content uniformity of the compressed tablets, when 
assayed individually, was found lo be satisfactory. 
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Synthesis of 2-Diphenylmethylene-1-acyl-I-alkyl Hydrazines as 
Potential Psychotropic Agents 


FRED DeWITT REED, Jc.*, ROBERT G. BROWN, JAIME N. DELGADO, and EUGENE I. ISAACSONA 


Abstract 0 A series of 2-diphenylmethylene-1-acyl-1-alkyl hydra- 
zines was synthesized as potential psychotropic agents. The inves- 
tigation was prompted by evidence of M A 0  inhibition by hydrazine 
derivatives i/r ciuo in which alkyl hydrazine metabolites were im- 
plicated as the active agents. The synthetic route to the compounds 
involved the following steps : hydrazonation of benzophenone, hy- 
drazone oxidation to diphenyldiazomethane, alkylation of diphe- 
nyldiazomethane with Grignard reagents, and acylations of the 
anion formed in the course of the Grignard alkylation. A prelim- 
inary pharmacological evaluation of the compounds, based on 
protection against reserpine-induced hypothermia and ptosis, was 
conducted and the results are presented. 


Keyphrases 2-Diphenylmethylene-1-acyl-1-alkyl hydrazines- 
synthesis, potential psychotropic agents 0 Hydrazines, 2-diphenyl- 
methylene-I -acyl- 1-alkyl-synthesis, potential psychotropic agents 


Psychotropic agents, potential-2-diphenylmethylene-l-acyl-l- 
alkyl hydrazines synthesized Structure-activity relationships- 
2-diphenylmethylene-I-acyl-1-alkyl hydrazines as potential psy- 
chotropic agents 


I n  numerous studies involving M A 0  inhibitory alkyl 
hydrazines and I-acyl-2-alkyl hydrazines, the acyl de- 
rivatives usually have exhibited more pronounced anti- 
depressant properties than the parent alkyl hydrazines 
(1). This increased activity has been attributed to  the 
acyl group acting as a carrier, which is subject t o  re- 
moval it1 oiuo, yielding the alkyl hydrazine near a bind- 
ing site in  the “target organ” (1). 


Recent literature reports describing in vioo inhibition 
of liver M A 0  by furazolidone, 3-[(5nitrofurfurylidene)- 
amino]-2-oxazolidinone, are also worthy of note 
( 2 ,  3). Partial biological degradation of the molecule 
has been implicated as leading to  bioactivation (2). Evi- 
dence for the formation of 2-hydroxyethylhydrazine, 
implicated as the actual inhibitory agent, has been 
offered (2), and a plausible bioactivation sequence in- 
volving an initial hydrolysis of the alkylidene hydrazine 
moiety of furazolidone followed by hydrolysis of the 
oxazolidinone ring has been proposed (2) (Scheme I). 


The foregoing work of Stern et al. (2) provides evi- 
dence that furazolidone per se is not an inhibitor of 
MAO, and that during metabolism in uiuo, furazolidone 
is degraded to  the M A 0  inhibitor 2-hydroxyethylhydra- 
zine. A review of the literature revealed antidepressants 
(4, 5) and M A 0  inhibitors (6 )  which could conceivably 
exert their pharmacological activity in similarly biode- 
graded forms. 


Thus, i t  would appear that the acyl group and the 
alkylidene link can serve as latentiating functions. 
Hence, incorporation of these two latentiating moieties 
into alkyl hydrazines introduces for investigation and 
evaluation two bioactivity parameters in  the area of 
hydrazine-derived M A 0  inhibitory antidepressants. 
Accordingly, a series of 2-diphenylmethylene-1-acyl- 1- 


alkyl hydrazines was synthesized with the premise in 
mind that both the diphenylmethylene moiety and the 
acyl moiety would function as carrier groups. The com- 
pounds, therefore, were anticipated to  have central 
stimulatory properties. The compounds synthesized 
were subjected to  a preliminary pharmacological evalua- 
tion of central activity based upon their effects upon 
reserpine-induced hypothermia and ptosis in  mice. 


DISCUSSION 


Benzophenone was chosen as the ketone from which to derive the 
hydrazones, since it was felt that the resulting diphenylmethylene 
moiety would confer upon the compounds a high degree of lipo- 
philicity and, in any event, should favor distribution to the CNS. 
In this concection, it  is worth noting that many compounds pos- 
sessing the diphenylmethyl group, e . ~ . ,  methadone, pipradrol, di- 
phenhydraniine, benztropine, azacyclonol, and diphenylhydan- 
toin, have central activities which ought t o  be dependent, at  least in 
part, upon the capability of this system to  impart to these com- 
pounds an ability to  reach the brain. The compounds reported on 
in this paper have the structurally closely related diphenylmethylene 
group. An analogy can also be drawn between the compounds de- 
scribed here and centrally active compounds that can be con- 
strued to  include this grouping, e.g., certain benzodiazepines and 
dibenzosuberone-derived antidepressants. 


The acyl groups are acetyl, benzoyl, and phenylacetyl. These 
gtoups were chosen so that there would be a relationship between 
the three series that might permit preliminary observations on the 
effect of phenyl substitution (independent of location relative to the 
carbonyl) in the acyl group on bioactivity in the synthesized com- 
pounds. Additionally, it was felt that the choice of these acyl groups 
might permit reasonable conjecture as to the influence of the factors 
associated with the phenyl, e.g. ,  electronic factors contributing to 
stability to hydrolysis and factors affecting lipophilicity which 
are also important in determining bioactivity changes. It was felt 
that structure-activity relationship comparisons between the three 
series might indirectly provide an indication of the relative im- 
portance of these two factors. 


To illustrate, the progression from acetyl t o  benzoyl may be 
considered. Two factors are altered. First, the phenyl of the benzoyl 
contributes more hydrophobic character than the methyl of the 
acetyl. Second, electronic factors determining stability toward 
hydrolysis are altered. Since the phenyl is in conjugation with the 
carbonyl, the electron-donating effect of the phenyl riu resonance is 
introduced. The electron-withdrawing inductive effect of the phenyl 
is also operative but is perhaps overshadGwed by the resonance 
effect. Hence, the benzoyl series can be expected to differ with re- 
spect t o  susceptibility t o  hydrolysis relative to the acetyl series to 
the extent that the cited electronic factors are operative. Since two 


H H 
\ /  PN\ 


H CH,-CH*-OH 
Schenw I 
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Table I-2-Diphenylmethylene- I-acetyl-1-alkyl Hydrazines 


Diphenyldi- Grignard Acetyl 
azomethane, Reagent, Chloride, Yield, Melting Empirical --Analysis, %--- 


R g., mole mole ml., mole g.7 ?z Point Formula Calc. Found 


a: CHI 6.8,  0.035 0.04 2.3,  0.035 5 .5 ,  63 81-82.5" CIGHi6N20 C 76.16 76.06 
H 6.39 6.66 
N 11.11 11.33 


H 6.81 6.70 
b: CHzCHt 12.0, 0.061 0.063 4.28, 0.060 11.0,  69 78-79.5" Ci~HisN20 C 76.67 76.84 


N 10.52 10.28 


H 7.19 7.30 
N 9.99 9.87 


H 7.19 7.14 
N 9.99 9.87 


H 7.54 7.47 
N 9.51 9.76 


c.' CHzCHzCH 3 12.0,  0.061 0.063 4.28, 0.060 9.5,  57 60-62" C18H2oN20 C 77.09 76.92 


d: CH(CH& 12.0, 0.061 0.063 4.28, 0.060 9 . 4 ,  56 88-89.5" C~IHZONZO C 77.09 76.91 


e: CHZ(CHZ)ZCH~ 11.0, 0.0556 0.06 3.75, 0.05 6,  41 47-48.5" CL9HzzNzO C 77.52 77.36 


parameters are changed, lipophilicity and susceptibility to hydroly- 
sis due to electronic differences, interpretations as to which pa- 
rameter change was principally associated with bioactivity change 
would be difficult. 


For this reason, the phenylacetyl series was included. The phen- 
ylacetyl group has the -CH2-C(-)=O group in common with 
the acetyl and the lipophilic phenyl in common with the benzoyl. 
In the phenylacetyl series, the electron-withdrawing inductive 
effect of the phenyl might come into play but not the electron- 
donating resonance effect as is the case in the benzoyl series. Since 
the electron-withdrawing effect is important in determining stability 
toward hydrolysis, members of the phenylacetyl series should 
display an increased sensitivity toward hydrolysis. Considering 
lipophilicity, the phenyl in both series will operate in the same 
direction; in both series there will be increased lipophilicity as- 
sociated with the phenyl. Since the phenyl operates in one direction 
in the benzoyl series and in another direction in the phenylacetyl 
series with regard to  stabilizing toward hydrolysis and operates in 
the same direction in both series with respect t o  lipophilicity 
changes, if bioactivity changes do  appear when the phenyl is in- 
corporated in the series, the bioactivity changes may be tentatively 
assigned either to electronic changes in the carbonyl influencing 
metabolic stability or t o  changes in the lipophilicity influencing 
distribution. Hence, the acyl groups may permit some judgments 
as to how the phenyl in the acyl group is influencing bioactivity. 


Since it was felt that the most tenable structure-activity relation- 
ship for this series could be drawn among very closely related com- 
pounds, it was decided to vary the N-alkyl group systematically. 
Thus the N-alkyl group was varied through the homologous series: 
methyl, ethyl, n-propyl, and rz-butyl for each of the three hydrazones, 
in this way permitting an evaluation of the effect of chain length of 
this group upon bioactivity. Isopropyl as the alkyl substituent was 
included to examine the effect of alkyl branching upon bioactivity. 


0 
general structure 


R'= R =  


k C H 3  a: CH3 
II: C,H, b: CHzCH, 
III: CH2CGHS C: CHzCHzCH3 


d: CH(CH,)z 
e: CH,(CH~)~CH,  


To summarize the preceding discussion, the compounds synthe- 
sized have a general structure, where R' identifies the three acyl 
series I, 11, and 111, each of which was varied from R = a through 
R = c.  


Scheme I1 depicts the principal steps in the preparative procedures 
by which the compounds were synthesized. 


The first step in the synthesis of the compounds described was the 
condensation of benzophenone and hydrazine in a sealed tube to 
yield benzophenone hydrazone according to the method of Barton 
et a/. (7). Two base-catalyzed (potassium hydroxide and triethyl- 
amine) procedures by Barton et a/. (7) were also employed. However, 
the sealed-tube procedure yielded a product that could be more 
easily purified so it was used routinely. Next, benzophenone hydra- 
zone was oxidized to  diphenyldiazomethane using a modified method 
of Miller (8) which employed yellow mercuric oxide under basic 
(ethanolic potassium hydroxide) catalysis. The original method of 
Miller employs anhydrous ether as solvent. Since this solvent con- 
sistently yielded inferior products, anhydrous petroleum ether was 
substituted and was found to  give satisfactory products. 


A procedure of Smith(9), using manganese dioxide as the oxidizing 
agent, was also employed.,The initial rate of oxidation was high but 
diminished rapidly, resulting in incomplete oxidation. Hence, use of 
this method was discontinued in favor of the modified method of 
Miller. The appropriate Grignard reagent was slowly added with 


R 
C=N-N 


RMgX 
C=N2 - 


R'-C-X 
" J 


Scheme I1 
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C=N-N, 
R 


Table 11-2-Diphenylmethylene-1-benzoyl-1-alkyl Hydrazines d 
Diphenyldi- Grignard Benzoyl 
azomethane, Reagent, Chloride, Yield, Melting Empirical ---Analysis, %--. 


R g., mole mole ml., mole g., z Point Formula Calc. Found 


u.' CH, 3.0,  0.0155 0.017 1.61, 0.014 3.4,  77 77.5-78.5' C?,H,,N20 C 80.04 80.08 
H 5.77 5.73 
N 8.91 8.72 


H 6.14 6.20 
N 8.53 8.49 


b: CHZCH, 12.0, 0.061 0.065 6.85, 0.059 9,  47 92.5-94 C??HtONZO C 80.46 80.32 


c.' CHtCHzCHs 11 .O,  0.0556 0.06 10.0, 0.08 11. 58 75.5-77 CpxH9pNpO C 80.71 80.70 ._ .. . 
H 6.48 6.61 
N 8.19 8.06 


H 6.48 6.73 
N 8.19 8.02 


H 6.79 6.72 
N 7.86 7.77 


d: CH(CH,), 11.0,  0.0556 0.06 10.0, 0.08 7, 37 169.5-170.5" C23Hy2N20 C 80.71 80.68 


e: CHZ(CHZ)?CH, 10.5, 0.054 0.06 10.0, 0 .08 16, 83.5 80--820 C2aH2,NzO C 80.87 80.76 


stirring under an atmosphere of nitrogen to  diphenyldiazomethane 
in anhydrous ether cooled to -4 to -15" according to  a method of 
Coleman c't trl .  (10). The reaction mixture was allowed to  stir for an 
additional 0.5 hr., and the respective acid chloride or (for Ilc, IId, 
and Ilr) the methyl ester of the acid was then slowly added. The 
reaction mixture was allowed to stand at  room temperature for 0.5 
hr. for the acid chloride or for 1 hr. when the methyl ester was the 
acylating agent; it was then cooled again to -4" and a saturated 
solution of ammonium chloride was added. The ether layer was 
collected and diluted with two volumes of anhydrous petroleum 
ether, and the volume was reduced under reduced pressure until 
precipitation appeared to  be complete. Column chromatography on 
silica was required for the separation and purification of IIIc, IIId, 
and I l k .  


1R and N M R  spectrometry were utilized in the characterization of 
a l l  final products. All spectra (IR and NMR) were in agreement with 
the assigned structures (Tables 1-111). 


EXPERIMENTAL 1 


Benzophenone Hydrazone-Method I-A method described by 
Barton et (11. (7) was tested using benzophenone (3.53 g., 0.019 
mole) and hydrazine 95% (6.5 ml., 0.2 mo1e)in 10% alcoholicpo- 
tassium hydroxide solution (10 ml.). The reaction mixture was heated 
on a steam bath with constant stirring for 2.5 hr. Water was added 
until permanent cloudiness occurred; then the solution was chilled. 
The precipitate (yield: 2.7 g., 70 %) melted after crystallization 
from aqueous alcohol a t  97-98'. 


Method Il-Another method according to Barton et a/.  (7) was 
used in which benzophenone (3.53 g., 0.019 mole), hydrazine 95% 
(6.5 ml., 0.2 mole), and triethylamine (25 ml.) were heated on a 
water bath while being stirred for 1.5 hr. The triethylamine was 
then removed by distillation under reduced pressure. The product 
(yield: 3.38 g., 91 x), when crystallized from aqueous alcohol, 
melted at  97-98". The melting point of a 50% mixture with the 
product from Method I was undepressed. 


hfe/hud 11l--A sealed-tube reaction was carried out according to 
a modified method of Birton et nl. (7). Benzophenone (20 g., 0.12 
mole) and hydrarine 647; (12 ml., 0.24 mole) were placed in a 
hydrogenation vessel, which was then sealed and heated in a silicone 
bath at 150" for 4 hr. The reaction mixture was allowed to cool to 
room temperature, and the contents were dissolved i n  hot alcohol. 


I The melting points are uncorrected. A Thomas-Hoover Uni-Melt 
apparatus was used for melting-point determinations. Elemental anal- 
yscs wcrc conducted by Schwarzkopf Microanalytical Laboratory, 
Woodsidc, N. Y .  IR spectra of all f i n d  products were measured on a 
Beckman IR-8 sprctrophotometer. NMR spectra for these compounds 
were obtained with a Varian A-60 spectrometer (tetramethylsilane as 
internal standard). I n  the text, alcohol refers to alcohol USP (CzHsOH 
95 %,) and petroleum ether to petroleum ether of the boiling range 30- 
60". 


The solution was filtered and chilled, and the precipitate was col- 
lected (yield: 20.9 g., 89%). Crystallization from alcohol afforded 
brownish-white crystals which melted at  97-98", The product was 
found to be identical with those of Methods I and 11 through mixed 
melting-point determinations and IR spectra. 


Diphenyldiazomethane-Method I-According to the method of 
Miller (8), benzophenone hydrazone (13 g., 0.066 mole), anhy- 
drous sodium sulfate (15 g.), anhydrous diethyl ether (200 ml.), 
ethanol saturated with potassium hydroxide ( 5  ml.), and yellow 
mercuric oxide (35 g., 0.16 mole) were mechanically shaken in a 
stoppered hydrogenation bottle wrapped with a wet towel for 1.25 
hr. The purple solution was filtered, and the ether was evaporated 
under reduced pressure at  ambient temperature in a rotary evapora- 
tor*. The purple residue was then washed with anhydrous petroleum 
ether, leaving benzophenone hydrazone (6 6.) as a precipitate. TLC 
of the purple petroleum ether extract revealed the presence of four 
different aromatic products. Further investigation of the mixture 
was not pursued. 


Method 11-The method of Miller (8) was modified using benzo- 
phenone hydrazone (13 g., 0.066 mole), anhydrous sodium sulf'ate 
(15 g.), anhydrous petroleum ether (200 nil.), ethanol saturated with 
potassium hydroxide ( 5  ml.), and yellow mercuric oxide (35 g., 0.16 
mole), which were mechanically shaken in a stoppered hydrogena- 
tion bottle wrapped in a wet towel for 2.5 hr. The purple solution 
was filtered, and the volume was decreased under reduced pressure 
at ambient temperature. The oily residue was chilled to -20" and 
crystallized. The product (yield: 11.8 g., 90%) had a melting range 
of 28-31' [lit. (8) m.p. 29-32"]. 


Method Ill-Another modified method (8) used benzophenone 
hydrazone (13 g., 0.066 mole), anhydrous sodium sulfate (15 g.). 
anhydrous petroleum ether (200 ml.), ethanol saturated with potas- 
sium hydroxide ( 5  ml.), and red mercuric oxide (35 g., 0.16 
mole), which were placed in a hydrogenation bottle. The bottle was 
then stoppered, wrapped with a wet tcwel, and mechanically shaken 
for 2.5 hr. The solution was filtered, and the solvent was evaporated 
under reduced pressure at ambient temperature. The oily residue 
crystallized at  -20" (yield: 11.6 g., 90%) and melted at 29 -31 '. 


Merhod 1V-In a hydrogenator bottle were placed benzophenone 
(13 g., 0.066 mole), anhydrous sodium sulfate (15 6.). anhydrous 
petroleum ether (200 ml.), ethanol saturated with potassium hy- 
droxide ( 5  ml.), and activated manganese dioxide (9) (13.9 g., 0.16 
mole). The bottle was then stoppered, wrapped in a wet towel, and 
mechanically shaken for 2.5 hr. Oxidation proceeded rapidly at first 
but slowed appreciably after 30 min. After 2.5 hr., the reaction mix- 
ture was filtered, and the petroleum ether was evaporated, leaving a 
residue largely composed of benzophenone hydrazone. The mixture 
was not investigated further. 
2-Diphenylmethylene-1-acyl-1-alkyl Nydrazines-A 250-ml. 


three-necked flask was gassed for 15 min. with nitrogen which had 


2 Rinco. 
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Table 111-2-Diphenylmethylene-I-phenylacetyl-1-alkyl Hydrazines 


Diphenyldi- Grignard Phenylacetyl 
azomethane, Reagent, Chloride, Yield, Melting Empirical ---Analysis, %-- 


R g., mole mole ml., mole g., z Point Formula Calc. Found 


a: CH3 


b: CHzCHs 


N 8.19 8.28 


H 6.79 6.99 
N 7.86 7.58 


H 6.79 6.54 
N 7.86 7.67 


H 1.07 1 . 3 4  
N 7.56 7.30 


c.. CHZCHZCH, 12.0, 0.061 0.065 7 .9 ,  0.060 3 . 2 ,  15 Oil Cz.rHzaN20 C 80.87 80.70 


d: CH(CH3)z 12.0,  0.061 0.065 7 . 9 ,  0.060 3.5,  18 Oil C~dH2:N20 C 80.87 80.59 


e: CH2(CH2)KH3 12.0, 0.061 0.065 7 .9 ,  0.060 3 . 6 ,  18 Oi 1 C Z ~ H ? ~ N ~ O  C 81.04 80.97 


been passed through two gas washing bottles, the first containing 
alkaline pyrogallol ( 5  2) solution and the second containing con- 
centrated sulfuricacid. Then, into this flask,equipped with a mercury- 
sealed mechanical stirrer,adropping funnel with a pressureequilibra- 
tion tube, and a gas inlet joint, was poured diphenyldiazomethane 
dissolved in 50 ml. of sodium-dried anhydrous ether. The flask was 
chilled to -4 to - 15", and the appropriate amount of Grignard re- 
agent was placed in the dropping funnel. The system was sealed. 
and the nitrogen flow was adjusted to maintain a positive pressure 
in the system; the pressure was monitored by observing the level 
of mercury in a glass U-tube, one side of which was connected to the 
system and the other exposed to the atmosphere. 


After pressure stabilization, the Grignard reagent was slowly 
dropped into the ethereal solution of diphenyldiazomethane, with 
stirring, a t  a rate that did not alter the pressure in the system. The 
dropping interval was varied from 50 to 15 min. inversely with the 
temperature of the bath. The reaction mixture was stirred for 30 min. 
after the addition of the Grignard reagent. The appropriate acid 
chloride or methyl ester of the acid was added to the dropping funnel 
and then added slowly to the reaction mixture at  a rate that did not 
alter the pressure in the sealed system. The acid chloride addition 
reaction mixture was allowed to  stand 0.5 hr., the methyl ester, 1.0 
hr. A saturated solution of ammonium chloride (38 g./lOO ml. of 
water) (9) was added through a dropping funnel, the rate determined 
by pressure generated in the system, until all magnesium salts were 
precipitated. The ether layer was collected in a separator and was 
diluted with two volumes of anhydrous petroleum ether. The volume 
wasdecreased under reduced pressure until either crystals or a gummy 
residue was formed. 


The compounds thus obtained were recrystallized from petroleum 
ether-ether (2:l)  except for Ib, Ie, and IId, where the solvents of 
recrystallization were petroleum ether-benzene (6: l ) ,  petroleum 
ether-ether ( I  : I ) ,  and benzene, respectively. Residues of the three 
higher molecular weight members of the phenylacetyl series (IIIc, 
Illd, and IIIe) did not crystallize when allowed to stand in a mini- 
mum amount of anhydrous solvent, ether-petroleum ether, at  - 13" 
for 1 week. In the case of each of these residues, preliminary exami- 
nation uiu TLC with ether-petroleum ether (2: 1 )  on silica gel HFm 
according to Stahl led to  resolution into four components. The resi- 
dues were then chromatographed on silica using a 30:l ratio of 
adsorbent t o  crude product and ether-petroleum ether ( 1  : 1). 
benzeneemethanol (99: I ) ,  and benzene-methanol (49: I )  as the 
eluting solvents, affording the analytically pure products IIIc, IIId, 
and IIIe, respectively. These pure compounds resisted all attempts 
at  crystallization, including thermal gradient sublimation and a 
variety of solvent systems. However, correct elemental analyses, 
NMR and IR spectra, and movement as a single spot in TLC indi- 
cated purity. 


Pertinent preparative data and physical constants for each of the 
compounds synthesized are given in Tables 1-111. 


PHARMACOLOGICAL EVALUATION 


All of the 2-diphenylmethylene-I-acyl-I-alkyl hydrazines were 
subjected to a preliminary pharmacological evaluation which was 
based on protection against reserpine-induced hypothermia and 
ptosis. 


Method-The method used in the investigation of protection 
against reserpine hypothermia was essentially that of Garattini 
et a/ .  (ll),  and the parallel study of ptosis protection afforded by 
the test compounds was based on a report by Fujita and Tedeschi 


Swiss male mice, 20--29 g., were injected intraperitoneally with 
isomolar doses of the alkyl homologs in each acyl series of the sub- 
stituted hydrazone test compounds. The test doses for each of these 
series, derived from preliminary toxicity data, were: acetyl, 8.82 X 


niole/kg.; benzoyl, 1.21 X 10-3 mole/kg.; and phenylacetyl, 
2.20 X mole/kg. Food and water were provided nrl lihitimi. 
Members of the acetyl and benzoyl series were tested in 2.07; acacia 
suspensions, whereas the phenylacetyl series was tested in polysor- 
bate 80 USP3 suspensions because of insufficient dispersability in 
the acacia system. Control experiments on the suspending agents 
indicated that they did not interfere with the pharmacological evalu- 
ations. Eight hours after injection of the test compound, colonic 
temperatures were recorded by insertion of an electric thermometer4 
probe 1.5 cm. into the rectum. Reserpine (2 mg./kg.) was then in- 
jected. Body temperatures were monitored, and ptosis observations 
were made at 4-, 6-.  and 24-hr. intervals. Ptosis determinations were 
performed according to the method of Fujita and Tedeschi (12), 
ptosis being defined as 15 sec. or more of uninterrupted closure (70% 
or more) of the palpebral fissure during a 90-sec. observation period 
while the animal is isolated on a cage top. 


(1 2). 


Results-The experimental results are listed in Table IV. 
Some preliminary relationships are apparent. Only the mbutyl 


homolog showed protection against both hypothermia and ptosis in 
all three series, being more statistically significant at  the 24-hr. inter- 
val. This, therefore, seems to  parallel an in uitro study in which the 
mbutyl homolog of some isonicotinyl alkyl hydrazines demonstrated 
optimal M A 0  inhibition (1 3).  


The compound that exhibited the greatest deviation from other 
members of the same acyl series with respect to both high antireser- 
pine activity and toxicity was 2-diphenylmethylrne-l-phenylacetyl-l- 
isopropylhydrazine. This result is dilkrent from a study on the effect 
of a-methylation of isonicotinyl alkyl hydrazines (1 3) in which the 
ethyl homolog was more inhibitory than the isopropyl. 


3 Tween 80. 
4 Tri-R model TML. Tri-R Instruments, Jamaica, N. Y. 
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Table IV-Effects of Synthesized Compounds upon Reserpine-Induced Hypothermia and Ptosis in Mice (10 Mice per Group) 


--- 43-4 hr.------- ------- 0-6 hr.-----. - - A 2 4  hr.---  - 
Mean AT= p* Valueb Ptosisc Mean AT p* Value Ptosis Mean AT p* Value Ptosis 


~~~ ~ ~~~ ~~~~~ ~ ~~~ ~ 


2-Diphenylmethylene-1-acetyl-1-alkyl Hydrazines 


Methyl - 3 . 3  0.001 10 -4.4 0.1 -1.5 0.01 17 


if-Propyl -4.3 nsd 20 -4.9 ns -0 .8 0.001 67 


/z-Butyl -3.0 0.1 50 -4.8 0.1 10 -1.4 0.01 83 


2-Diphenylmethylene-1-benzoyl-1-alkyl Hydrazines 


Methyl -3 .6 ns 20 -3.4 0.002 30 -0.6 0.001 17 
Ethyl -4.5 ns -5.2 ns -2.3 ns 
ti-Propyl -3.3 0.1 30 -4.1 0.01 -2.2 0 . 1  
Isopropyl -2 .9  0.05 30 -4.3 0.02 20 -1.5 0.01 33 
t?-Butyl -2 .4 0.02 80 -3.0 0.001 50 -1.0 0.001 83 


R (Dose: 8.82 X mole/kg.) 


Ethyl -2 .2 0.01 -2 .6 0.001 -0.2 0.002 


Isopropyl -3.5 0.05 -3.5 0,001 -0. I 0.001 


R (Dose: 1.21 X mole/kg.) 


2-Diphenylmethylene-1-phenylacetyl-1-alkyl Hydrazines 
R (Dose: 2.20 X mole/kg.) 


Methyl -3.8 ns 20 -4.9 ns - 3 . 1  ns 20 
Ethyl -3 .7 0.1 -4.8 0.1 -3.0 ns 
ti-Propyl -3.5 0.1 60 -2 .7 0.001 30 -1.8 0.05 20 
Isopropyle -0.5 0,001 100 -1.4 0.001 100 -0.9 0.002 loo 
/I-Butyl -2 .2 0.05 70 -2.2 0.001 20 - 1 . 1  0.001 80 


Reserpine Controls (Dose: 2 mg./kg.) 
-4.5 -5 .9 -3.2 


(2  Mean AT = avcrage temperature depression. 5 p  valueas determined by statisticalevaluation using Student’s f test. c Number of animals protected 
from rcscrpinc-induced ptosis expressed as percent: 


(experimental) % = 100 - ~~ control loo 
Zero and negativc values have bccn deleted. d 11s = not significant. e Five of the experimental animals died within 12 hr. after administration of the 
test compound. 


The most active acyl-substituted alkyl hydrazines are the acetyl, 
which may be related to the lower lipophilicity of the series. This 
activity relationship may be reflected by the inversion of the relative 
toxicities of the corresponding acid hydrazides; benzhydrazide i s  
more toxic than acethydrazide (14). 


The possible inverse relationship between activity and lipophilicity 
niay be examined further. Among bioactive compounds, it is fre- 
quently seen that increasing lipophilicity to a point increases activ- 
i ty  and further increases in lipophilicity decrease activity. All of the 
reported compounds possess the highly lipophilic diphenylmethylene 
group. Further substitution with lipophilic groups then can yield 
compounds of decrcasing activity. It is pertinent a t  this point to 
consider the phenylacetyl series. A reason for incorporation of this 
series was to evaluate the hydrophobic role of the phenyl, separated, 
to the degree that considering only the major electronic factors in- 
volved in governing stability to hydrolysis permits, from its effect on 
hydrolysis, as was not directly possible in the case of the benzoyl. It 
can thus be conjectured that in the phenylacetyl series the phenyl is 
decreasing activity largely oia increasing lipophilicity because the 
behavior toward hydrolysis would be in the opposite direction to  the 
extent that the cited electronic factors are operative. If the phenyl 
decreases activity rin its hydrophobic effect in the phenylacetyl 
serics, i t  i s  possible that its presence in the benzoyl series is decreas- 
ing activity largely oitr a hydrophobic effect, since hydrophobic fac- 
tors are additive. I f  hydrophobic character is the principal factor 
determining activity, then differences in metabolic stability that are 
a function of the cited electronic factors must be of less importance. 
The data are in accord with these interpretations, since the two series 
that possess the phenyl in the acyl, regardless of where that phenyl 
i s  placed relativc to the carbonyl.areless active than the acetyl series. 
I f  the foregoing conjecture that the phenyl i s  decreasing activity uio 
increasing hydrophobic character in the compounds is correct, the 
premise for the incorporation of the diphenylmethylene group in the 
coinpounds may be reexamined. Fundamentally, the premise for i t s  
incorporation is substantiated, because the compounds are centrally 
active. Importantly, however, the diphenylmethylene group may not 
bc the optimal group to promote central activity among the com- 
pounds, since it may be too hydrophobic for optimal activity. 


The argument that the phenyl in the phenylacetyl and benzoyl 
scries is decrea5iny activity principally by decreasing distribution to  


the CNS because of too high a lipophilicity rather than by princi- 
pally effecting hydrolytic bioactivation affords a possible explanation 
for the reason why the phenyl decreases activity. Of course, other 
explanations could be advanced. For example. steric hindrance to 
hydrolysisby the phenyl could be involved in the benzoyl and phenyl- 
acetyl series. Nonspecific perturbation of hydrolytic enzymes, result- 
ing in a retarded rate of hydrolysis by operation of hydrophobic 
forces due to  the phenyl, could be implicated. Also. i t  could be 
rationalized that the lipophilic phenyl in the phenylacetyl and ben- 
zoyl series renders the compounds so lowly soluble irz rico that hy- 
drolysis is retarded. Conjecture aside as t o  why the phenyl in these 
compounds affects activity as it does, the data do permit the conclu- 
sion that the phenyl in the acyl group decreases activity. and this de- 
crease is independent of where the phenyl is located relative to the 
carbonyl. 


The conjecture that hydrophobic changes involved in the distribu- 
tion of the compounds, rather than electronic changes involved in 
hydrolytic bioactivation,are the major factors in determining activity 
in these compounds should not be taken to  rule out that hydrolysis is 
not occurring in the compounds. Rather, it seems likely that hydroly- 
sis is occurring in all of the active compounds. The finding that the 
compounds are active appears to allow the conjecture that the com- 
pounds are being hydrolyzed 0 1  oiro, since in accordance with the 
case of furazolidone, they should not be active per sc. 


From the pharmacological data, it can be concluded that most of 
the compounds do exhibit significant CNS antidepressant properties 
in accordance with the basis for this investigation: the expectation 
that the synthesis of 2-diphenylmet hylene- I -acyl- 1 -alkyl hydrazines 
patterned after furazolidone and other hydrazine derivatives might 
yield CNS stimulatory agents. 
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Application of Fluorescence Spectroscopy to Study of 
Intramolecular Hydrogen Bonding in Pamaquine 


STEPHEN G .  SCHULMAN’ and KENNETH ABATE 


Abstract 0 The fluorescences of the antimalarial pamaquine and 
of its precursor 8-amino-6-methoxyquinoline were studied in 
sulfuric acid and n-heptane and throughout the pH range in water. 
Quenching of the fluorescences of both molecules in concentrated 
acid solutions upon addition of water was found to be the result of 
dissociation in the excited state from the protonated 8-amino 
groups. The anomalously long wavelengths of fluorescence of singly 
protonated pamaquine in the biological pH range in water and in 
rr-heptane are shown to be due to intramolecular proton transfer, 
in the excited state, from the diethylamino group of the side chain 
to the heterocyclic nitrogen atom of the quinoline ring. This phe- 
nomenon appears to be mediated by the presence of an intra- 
molecular hydrogen bond between the protonated diethylamino 
group and the ring nitrogen atom in the ground state, a result that 
may be of significance in the interpretation of the pharmaco- 
dynamics of pamaquine. 


Keyphrases 0 Pamaquine-fluorescence, intramolecular hydrogen 
bonding, acidity dependence 0 Fluorescence, pamaquine-effect 
of intramolecular hydrogen bonding, acidity dependence 0 Spec- 
trophotofluorometry- pamaquine fluorescence, acidity dependence 


The fluorescence of pamaquine has been a subject of 
some controversy. Brodie et nl. (1) found that the 
naphthoate salt of pamaquine emitted a blue fluorescence 
in alkaline solutions. Irvin and Irvin (2) subsequently 
studied the free base dissolved i n  concentrated sulfuric 
acid solutions, and they observed fluorescence in solu- 
tions greater than 7 M i n  sulfuric acid. No fluorescence 
was observed at lower acidities, and the emission i n  
concentrated sulfuric acid was attributed to a solvent 
effect and protonation of the methoxy group. Later work 
by Udenfriend et al. (3) showed the fluorescence of 
pamaquine naphthoate to be due to  the naphthoate 
anion. Recently, Schulman and Sanders (4) showed that 
the failure of 8-aniinoquinoline to fluoresce in  fluid 
dilute acid solutions was a result of hydrogen bonding 


of the monocation with the solvent, water, in  the lowest 
excited singlet state. The reason for the failure of the 
dication of the aminoquinoline to fluoresce in  fluid 
concentrated sulfuric acid solutions was less certain 
and was attributed either to  hydrogen-bonding-assisted 
internal conversion, as for the monocation, or to  the 
acidity of the dication i n  the excited state which may 
have been so great that the latter species could not form 
even in the most concentrated sulfuric acid solutions 
available. 


To evaluate the nature of the fluorescence of pania- 
quine in concentrated acid solutions in  light of modern 
fluorescence theory, the present study of the acidity 
dependence of the fluorescence of pamaquine and of its 
simple aromatic precursor, 8-amino-6-methoxyquino- 
line, was undertaken. 


EXPERIMENTAL 


Instrumentation-Absorption spectra were obtained using a spec- 
trophotometerl. Fluorescence measurements were performed on a 
fluorescence spectrophotometer2 whose monochromators were 
calibrated against the xenon line emission spectrum and whose 
output was corrected for instrumental response by means of a 
rhodamine-B quantum counter. The pH measurements were made 
using a digital pH meter3 with a silver-silver chloride-glass com- 
bination electrode‘. 
Reagents-8-Amino-6-methoxyquinoline5 and pamaquine phos- 


phate6 were used without further purification. 
Analytical reagent grade sulfuric acid was purchased’ and used 


without further purification. Solutions of varying acidity for fluoro- 


1 Beckman DG-BT. 
Perkin-Elmer MPF-2A. 
Orion model 801. 
Beckman. 
I< & K Laboratories, Inc., Plainview, N. Y. 
Sterling-Winthrop Research Institute, Reiisselaer, N. Y. 


7 Mallinckrodt Chemical Works, Inc.. St. Louis, Mo. 
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Rapid Determination of Color Stability of 
Tablet Formulations 


P. TURI*, D. BRUSCO, H. V. MAULDING, R. A. TAUSENDFREUND, and A. F. MICHAELIS 


Abstract 0 Compressed and sugar-coated tablets containing certi- 
fied dyes were exposed to light under controlled conditions. Samples 
were subjected to the light directly in an open Petri dish as well as in 
a variety of containers. The color change was measured with the aid 
of a recording spectrophotometer, equipped with an integrating 
sphere. Interpretation of the reflectance curve and quantitative mea- 
surement of the color characteristics were achieved by a computer 
system. Data obtained in the fadeometer in 24 hr., as well as results 
from exposure in the light cabinet for 28 days, facilitate the com- 
parative evaluation of color stability. 


Keyphrases 0 Color stability of tablets-rapid determination, fade- 
ometer 0 Discoloration of tablets-rapid determination of color 
stability 0 Tablets containing dyes-rapid determination of color 
stability 0 Light stability of tablets containing dyes-rapid deter- 
mination 


~~~~~ 


Color fading is one problem that the industrial phar- 
macist almost always has to face. Exposed to sunlight 
or artificial light (particularly the shorter wavelength 
portion of the radiation), dyes approved for use in the 
pharmaceutical industry undergo discoloration. This 
phenomenon and its mechanism were investigated by 
several researchers, and certain aspects of reducing the 
light effect and decelerating the fading of tablets were 
reported. The color stability of soluble dyes and lakes 
was compared (l), the protective effect of colored glass 
containers was investigated (2), and the presence of UV 


Table I-Composition of Tablets Studied 


Amount, mg. 


Compressed Tablet 
Composition 


Lactose powder USP 
Avicel 
Starch USP 
Pol yvinylpyrrolidone 
Magnesium stearate USP 
FD&C Yellow No. 5, aluminum lake, 


(24-26 %), jet-milled 
FD&C Blue No. 1, aluminum lake, 


(1  1-13 z), jet-milled 
Alcohol, specially denatured No. 30 
Purified water USP 


56.340 
25.000 
12.500 


5.000 
1 .Ooo 
0.045 


0.115 


q.s. 
4.s. 


Sugar-Coated Tablet A 
Composition (of coating) 


Acacia USP 
Talc USP 
Titanium dioxide USP 
Sorbitol USP 
Sucrose USP 
Polyvinylpyrrolidone 
Sodium benzoate USP 
FD&C Red No. 2 aluminum lake (40x;)  
FD&C Red No. 3 aluminum lake (18z;) 
FD&C Red No. 5 aluminum lake (34%;) 
FD&C Yellow No. 6 aluminum lake ( 4 0 2 )  


Total coating thickness: 0.7 mm. 
Color-containing layer thickness: 0.27 mm. 


Sugar-Coated Tablet B 
Composition (of coating) 


Acacia USP 
Talc USP 
Sucrose USP 
Pink color composition aluminum lakea 


Total coating thickness: 0.81 mm. 
Color-containing layer thickness: 0.16 mm. 


100.000 


3.65 
16.15 
0.6385 
0.0558 


78.4192 
0.0096 
0.0192 
O.lOo0 
0.6385 
0.1596 
0.1596 


100.0000 


11.5  
57 .0  


190.5 
6 . 0  


265.0 


aContains0.023 f 0.008mg.FD8cCRedNo.3 dye. 


absorbers, sugars, antioxidants, and other factors in- 
fluencing color stability was studied (3, 4). Rates of 
degradation were determined in liquids as well as in 
solid dosage forms, indicating good to fair correlations 
with zero-order, first-order, or apparent first-order 
kinetics (1,5,6). 


The objective of the present study was to establish a 
rapid method to evaluate relative light stability of tablets 
containing dyes or dye mixtures. 


EXPERIMENTAL 


Materials-The materials used are listed in Table I. 
Equipment-A light stability cabinet, equipped with 12 30-w. 


fluorescent tubes' and four 20-w. fluorescent tubes2, was used. The 


Figure 1-Cutaway view of fadeometer. 
1 Cool White, Westinghouse F30TB/CW. 
2 Cool White, General Electric FZOTlZ/CW. 
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Table 11-Fading Characteristics of Sugar-Coated Tablet B 
(Open Exposure) -- Fadeometer --. -Light Cabinet- 


1 log - R Days 1 
Hours log 


0 0 . m  
1 0.4935 
3 0 .4400 
7 0.4001 
_. - 
- - 
24 0.3354 


0 0.6OOO 
I 0.5100 
5 0.4597 - .  


7 0.4248 
14 0.3535 
21 0.3363 
28 0.3206 


light was adjusted in such a manner that the illumination at the sur- 
face of the center of the shelf was I100 ftc. as measured with a foot 
candlelight meter3. 


The fadeometer' was equipped with a carbon arc, 167.4 w./sq. 
ft., sample distance 25.4 cm. (10 in.) (Fig. 1). 


The recording spectrophotometers was equipped with an  auto- 
matic tristimulus integrator and with an integrating sphere coated 
inside with a smoked surface of magnesium oxide. Barium sulfate 
was used as the reference standard (Figs. 2a and 26). 


Preparation of the Tablet Samples -Direct Exposure--In the fade- 
ometer: Uncoated tablets were glued onto special holders, originally 
designed for colored fabric or paper samples, and were attached to 
the holders of the fadeometer (Fig. 3). For coated tablets, a series 
of metal plates was made with circular holes. The tablets were taped 
to a selected plate having holes with a diameter approximately 2 mm. 
less than the diameter of the tablets. The plates were finally masked 
with aluminum foil cut in such a manner as to allow two tablets t o  
be exposed at  a time. 
In the light cabinet: Samples were exposed in an open Petri dish 


a t  the center of the shelf. 
Tablets in Containers-Tablets in amber glass or opaque high 


density polyethylene containers were arranged in such a manner 
that a set of tablets was held, with the aid of a cotton fill, against the 
wall of the container facing the light source, either in the fadeometer 
or in the light cabinet. 


Ti L & . t  


Rim 


(b) 


Figure 2-(a) The spectrophotometer with automatic digital readout 
system. (b) Schematic diagram of' recording spectrophotometer (9) .  


~ 


J Gossen-Tri-Lux. 
4 Atlas Fade-Ometer, model FO-2428, type FDA-R. 
6 General Electric (Hardy). 


Figure &Sample hdlderfor the fadeometer (7-  and 24-hr. lids are open 
to allow the exposure ofthe tablets). 


Procedure and Results-Tablets exposed either in the fadeometer 
or in the light cabinet were periodically withdrawn and reflectance 
values were determined by the recording spectrophotometer. Total 
exposure time was 24 hr. in the fadeometer and 21-30 days in the 
light cabinet. (Typical reflectance curves are shown in Figs. 4 and 5. )  


Log I/R values were calculated at the wakelength of the minimum 
reflectance, plotted against time, and ratis of degradation were 
determined from the linear portions of the curves. (A typical exam- 
ple is shown in Table I1 and Fig. 6.) 


DISCUSSION 


Fadeometers as tools for predicting relative light fastness have 
been used extensively in the textile and paper industry. Without 


Table HI-Fading Rates of Colored Tablets 


Fadeorneter Light Cabinet 
7- (hr.- I)-- ----(days- 1)- 


K, x 103 K~ x 103  K ,  x 103  K* x 103 


Coated Tablets A 2 . 6  0 . 6  1 . 5  0 . 6  


Coated Tablets B 97.8  12.1 49 .5  16.7 


Compressed tablets 146.3 9 . 1  1 7 . 2  19.1 


(open) 


(open) 


(open) 
Compressed tablets 116.4 4 .0  58.8 21.1 


Compressed tablets 21.1 6 . 3  30.4 9 . 3  


(natural high den- 
sity polyethylene) 


(opaque high den- 
sity polyethylene) 


(amber glass) 
Compressed tablets 53.8 6 . 7  12 .4  8 . 2  
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Figure &Effect of' time on reflectance as a function of wavelength, 
using sugar-coated Tablet B ,  the fadeometer, and direct exposure. 


claiming direct convertibility to the exposure to sunlight (which is, 
of cotirse, dependent on weather conditions, geographic location, 
and many other factors). fadeometers were used successfully for the 
stated purpose. By comparing the relative energy distribution of 
the natural light, the carbon arc lamp used in the fadeometer, and 
the fluorescent lamps of commercially used light cabinets (Fig. 7), it 
is quite obvious that a sizable portion of the radiation of the carbon 
arc lamp lies in the UV region, while the other sources radiate 
mostly in the visible region. 


Both the compressed and sugar-coated tablets show similar fad- 
ing characteristics when exposed to exaggerated illumination in 
either the fadeometer or the light cabinet. After an  initial induction 
period of rapid fading, represented by K1 (usually 1--2 hr. in the fade- 
ometer or 1-3 days in the light cabinet), the rates decrease; the ob- 
tained values indicate an apparent first-order reaction. 


Earlier investigations ( 7 ,  8 )  proved that the Kubelka-Munk func- 
tion: 


(Eq. 1) 


where R is the light reflectance, applies well for determining the rates 
of color fading of tablets as long as the dye concentration varies. A 
linear relation was established when the log 0 was plotted versus the 
product of the time and intensity. However, i f  the dye concentra- 
tion is constant (as under our experimental conditions), the K 
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Figure 5--Effect of time on reflectance as a function of wavelength, 
usitrg sugar-coated Tablet B, the light cabinet, and direct exposure. 
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Figure &Plots of log IIR versus time (sugar-coated Tablet R ,  
direct exposure). Key:  - - -, days: and-, hours. 


values fit the usual first-order rate equation: 


The fading rates are tabulated as shown in Table 111. 
Evaluation of Data-The relative color stability of the tablets can 


be well established by comparison of the data in Table I l l .  The most 
significant step in the fading mechanism, which basically determines 
the extent of fading, occurs evidently in the early phase character- 
ized by the K I  values. Coated Tablet A exhibited superior color sta- 
bility under the accelerated testing conditions; this was shown 
quantitatively by its comparatively low Kl values (2.6 X hr.-l 
in the fadeometer and 1.5 X days-' in the light cabinet). 
Coated Tablet B and the uncoated tablet faded rapidly. A com- 
parison of the packaging materials showed that the natural high 
density polyethylene container was practically transparent in both 
the UV and visible regions of the spectrum. The opaque high density 
polyethylene and amber glass containers offered good protection 
against the damaging light effects. 


Due to its higher energy level, the fadeometer experiment yielded 
reproducible and reliable data in 24 hr., approximately equivalent to 
that obtained in the light cabinet after 21-28 days storage. An addi- 
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Figure I -  -Relalice energy distribution of' light sourres. Key: , 
natural sunlight (noon, June); - - -, carbon arc ( fudeomrter); and 
---0 0,fluorescent tribes (light cabinet). 
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tional advantage is the favorable geometry of the fadeometer where 
the tablets are always in a fixed distance from the light source; in the 
light cabinet, a slight error may be involved since all tablets cannot 
be placed exactly in the center of the tray. 


CONCLUSIONS 


1. An apparent first-order rate of fading was established by 
earlier investigators for colored tablets in conventional light cabinets 
and in natural light. In this study, it was shown that a similar rate is 
valid for samples exposed to the carbon arc light source of a fadeom- 
eter. 


2. In the initial (Kl) phase, color fading is approximately 50-100 
times faster in the fadeometer than in the light cabinet. Therefore, in 
each experiment, a 24-hr. exposure in the fadeometer was found 
sufficient to compare the fading behavior of tablets and to  predict 
color stability under environmental conditions. (Followup testing 
under normal conditions for 2 years demonstrated good agreement 
with predicted stability.) 


3. The rapid fadeometer test is a valuable tool which aids the 
pharmaceutical formulator in the application of optimal colorants 
and the packagmg engineer in the selection of containers most 
suitable for protecting colored tablets from the effects of light. 
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NOTES 


Purification of a Potent Antitumor Agent from a 
Tahitian Sea Anemone and Methods of Administration 
Studies with Ehrlich Ascites Tumor in Mice 


TED R. NORTON’ and MIDORI KASHIWAGI 


Abstract 0 An antitumor substance, stoichactin, was obtained from 
an aqueous alcoholic extract of the sea anemone, identified as most 
probably being Stoichactis kenti, using dialysis and gel permeation 
chromatography. The drug is effective at  very low dosages using sev- 
eral different methods of administration in the control and cure of 
Ehrlich ascites tumor in mice. 


Keyphrases 0 Stoichactin-identification and pharmacological 
studies as an antitumor agent, mice 0 Antitumor agents-purifica- 
tion of stoichactin from sea anemone. pharmacological testing with 
Ehrlich ascites tumor, mice Sfoichacfis kenfi-isolation and pu- 
rification of stoichactin, a potent antitumor agent, pharmacological 
testing, mice 


of coelenterates were highly effective in the control of 
Ehrlich ascites tumor in mice (1). One of these coelen- 
terates was the anemone, identified as most probably 
being Stoichactis kentil. Because of the very high speci- 
fic activity found in a 30% ethanolic extract of this 
anemone, purification of the active constituent was 
undertaken. Partial purification results were recently 
reported (1). A fraction which deposited crystals on 
evaporation of an aqueous solution has now been ob- 
tained, and the active substance, now essentially pure, 
is being named “stoichactin.” This drug was evaluated 


During a rather broad study of pharmacological 
activity of over 1000 species of natural products from 
the Pacific basin, it was found that a number of extrkcts 


1 Collected from the reef of Arue Bay in Tahiti by Dr. Frank Tabrah. 
Dr. Cadet Hand, Director of the University of California Bode a 
Marine Laboratory, identified this sea anemone as definitely being in 18, 
genus Sroichuctis and most probably as thc species S. kenf i .  
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In normal statistical practice, kl is chosen to be equal to 
- k2 to give a symmetrical confidence interval for p 9  - 
/I,,. However, in this instance, one is presumably inter- 
ested in a symmetrical confidence interval for pn of the 
type: 


Pa - A 5 ~.rn I 1.r8 + A (Eq. 3) 


where A = { k , s / d 6  - (2 ,  - 2,)]  = - {k2s /& - 
(2, - F,)) .  This relation implies that k ,  and kz must be 
chosen so that the second and third terms in this 
equality are equal. Thus, the confidence interval for 
the mean urinary excretion with the new formulation 
will be given as an interval which is symmetric about 
the corresponding mean for the standard formulation. 
To achieve this end, one must set: 


2[% - R) = (ki + k&/& (Eq. 4) 


and determine kl and k, accordingly. 
For example, suppose in a particular crossover trial 


in 12 subjects that 5, = 11.5,2, = 10.75, and s = 0.75. 
Then substituting in Eq. 4, one finds that kl + kz must 
equal 4.90. By examination of a tabulation of the prob- 
ability integral for the t-distribution with 10 degrees of 
freedom’, it can now be determined that kl and k2 must 
be approximately equal to 6.72 and - 1.82, respec- 
tively. The value of A can then be computed to be 1.3 1. 
With 95% confidence, it can be stated that the confi- 
dence interval p, f 1.31 covers the mean pn or, alter- 
natively, if p y  is approximated by 2, (i.e., 11,5), that 
with 95% confidence the mean total urinary excretion 
of the drug for the new formulation is within 11.4 % 
(Le., 1.31/11.5) of the mean for the standard formula- 
tion. 


The latter statement is now in a form that the clinical 
pharmacologist can use as the basis for a rational de- 
cision as to the clinical equivalence of the two formula- 
tions. For example, he may have decided that if the 
new formulation comes within 15% of the standard, it 
is essentially equivalent. In the numerical example 
given here, he would presumably decide that the new 
formulation is essentially equivalent to the standard 
even though (as one can easily verify from the numbers 
given) the difference between them is significant at the 
0.05 level. To summarize: a final decision as to the 
equivalence of two formulations of a drug must in- 
volve some judgment on the part of the clinical pharma- 
cologist or physician. To this end, it seems appropriate 
that the statistician’s analysis should result in a state- 
ment that the former can use as the basis for his de- 
cision. If classical hypothesis testing techniques are 
used, however, and decisions are made on the basis of 
significance tests, then the decision is essentially made 
by the statistician and the clinical pharmacologist’s 
judgment is bypassed. It is true that his judgment may 
have played an important part in designing the experi- 
ment, based on the available information concerning 
the inherent variability of the data. However, the judg- 
ment may be largely negated if the variability turns out, 


* See, for example, “Biometrika Tables for Statisticians,” Vol. I, 
E. S .  Pearson and H. 0. Hartley. Eds.. Cambridge University Press. 


in the actual trial, to be either much less or much more 
than anticipated. 


One interesting result of the proposed approach is 
that if a manufacturer produces a formulation that is 
almost identical to the standard, a well-controlled 
experiment of adequate size will give small confidence 
intervals and a high probability of demonstrating 
practical equivalence. A poorly controlled experiment 
of inadequate size, on the other hand, will give confi- 
dence intervals so large that practical equivalence can- 
not be demonstrated. In the latter case, with a hypothe- 
sis-testing approach to the analysis, exactly the reverse 
of this situation is true. 


WILFRED J. WESTLAKE 
Biostatistics Department 
Smith Kline & French Laboratories 
Philadelphia, PA 19101 


Received December 22, 1971. 
Accepted for publication May 17, 1972. 


Determination of Meprobamate in 
Dissolution Studies : Shortcomings of Direct 
GLC and Development of a New Assay 


Keyphrases 0 Meprobamate-analysis in solution cia hydrolysis 
and silylation, compared to direct GLC method GLC-analysis, 
meprobamate in solution oiu hydrolysis and silylation, compared 
to direct GLC method 


Sir. 


USP XVIII introduced dissolution tests for seven 
kinds of tablets and, in the case of meprobamate, a 
GLC procedure was specified for the determination 
of the drug in solution (1). The USP recommendation 
reads: “. . . the amount in solution being determined 
on filtered portions of the Dissolution Medium by means 
of gas chromatography, the internal standard consist- 
ing of a solution of dibutyl phthalate in anhydrous 
ether containing 0.4 mg. per ml.” This approach was 
used in our laboratory and it was found that, under a 
variety of conditions, meprobamate cannot be ac- 
curately quantitated by direct GLC because of break- 
down of the drug in the injection port. The first sup- 
plement to USP XVIII (2) revised this analytical pro- 
cedure and replaced it by a colorimetric assay adapted 
from a method recently described by Poole et al (3). 
The purposes of this report are to point out the short- 
comings of the USP’s GLC method and to propose a 
specific and sensitive assay for the determination of 
meprobamate in solution. 


The GLC method originally recommended by the 
USP is very similar to that proposed by Douglas et al. 
(4) since both utilize direct GLC of meprobamate as 
well as quantitation with dibutyl phthalate as an in- 
ternal standard. Because the USP did not specify any 
GLC operating conditions, it appeared reasonable to 
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Figure l---Cltromatogruni of meprobamate (100 mcg.) obtained 
ajier injection of m i  ether extruci iisiiig direct GLC. Key: peuk A ,  
decompositioti product: peuk B, meprobumate; ai7d peuk C', dibiityl 
plirhulate. 


use those of Douglas et al. (4): glass column ( 3 . 8 z  
UC-W98 methyl silicone on SO-100-mesh Diatoport 
S )  at 180', injection port at  275', and detector at  225'. 
A typical chromatogram (Fig. 1) shows three peaks, 
A, B, and C, where peak C corresponds to the internal 
standard. From the work of previous investigators 


(5-7) as well as our own results on the effect of injec- 
tion port temperature on meprobamate breakdown, it 
is apparent that peaks B and A correspond, respectively, 
to unchanged meprobamate and a decomposition 
product. Thus, it was consistently found that a decrease 
in injection port temperature was accompanied by a 
concomitant decrease in A/B peak height ratios. 


Further investigation of this phenomenon showed that 
the A/B peak height ratio is very dependent on injec- 
tion rate, the slower injections always yielding the larger 
ratios. As an example, a rapid (I-sec.) followed by a 
slow (3-sec.) injection of an ether extract of a 200- 
mcg./ml. aqueous solution gave A/B peak height ratios 
of 3.89 and 1.64, respectively. As pointed out also by 
Holch and Gjaldbaek (7), these results suggest that 
reaction with the injection needle plays an important 
role in the observed decomposition. As seen in Fig. 1, 
the decomposition product has a very short retention 
time (50-60 sec.) relative to the internal standard (6 
min.). Thus, under different GLC conditions (higher 
column temperature and/or larger solvent front), peak 
A can merge with the solvent peak and decomposition 
can be overlooked. This phenomenon was observed 
in our laboratory and it may well be the reason why 
Douglas et al. (4) did not find any decomposition. 


Several attempts to establish a calibration curve 
proved unsuccessful. Table I shows the B/A and B/C 
peak height ratios obtained with various amounts of 
meprobamate after repeated injections of the ether 
extracts (care was taken to maintain the injection rate 
as constant as possible). A plot of B/C peak height 
ratios uersus drug amount is not linear but parabolic. 
Furthermore, the coefficients of variation on repeated 
injections at each concentration ranged from 10.6 to  
27.4 %. Although the coefficients of variation decreased 
at the higher concentrations, they are still too high 
to allow an accurate determination. 


The thermal decomposition of meprobamate at  the 
injection port has been extensively documented in the 
past 6 years (5-10). Goldbaum and Domanski ( 5 )  found 
a marked increase in the meprobamate breakdown 
product peak with a corresponding decrease in the 
meprobamate peak when the injection port tempera- 
ture was raised from 250 to  320" (5% SE-30 on Gas 
Chrom Q). Finkle (6) reported that the meprobamate 
breakdown product peak becomes significant at  
temperatures greater than 230"(2.5 % SE-30 on Chromo- 
sorb G). Cardini et al. (9) stated that, due to decomposi- 
tion, they were not able to use their GLC method for 
quantitative analysis. In the past year, Holch and Gjald- 
baek (7) reported that meprobamate yields a total of 
four peaks (3.8% OV-1 on Diatoport S ) ,  three of which 
were identified as meprobamate, 2-methyl-2-propyl-l,3- 
propanediol monocarbamate, and 2-methyl-2-propyl- 
1,3-propanediol (I). These authors also studied the 
effects of injection port temperature and injection rate 
and obtained results very similar to our own. 


Whereas some investigators (8--10) reported that 
decomposition precluded a quantitative determination, 
a few others (6, 11) attempted to minimize the break- 
down and utilized direct GLC. Whether or not mepro- 
bamate can be assayed by direct GLC depends on a 
multitude of experimental factors (nature of solid sup- 
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Table I-Determination of Meprobamate by Direct GLC: B/A (Meprobamate/Decomposition Product) and B/C (Meprobamate/ 
Internal Standard) Peak Height Ratios at  Various Amounts of Meprobamate 


Amount of Number of 
Meprobamate, mcg. Injections 


B/A Peak Height 
Ratio, Mean f SD 


B/C Peak Height 
Ratio, Mean =k S D  


~~~~ ~ ~ 


50 7 0.771 f 0.203(26.33)a 0.544 f 0.149(27.4). 
100 7 1 ,226 f 0.249(20.30). 1.067 f 0.219(20.5). 
200 7 2.755 f 0.573(20.8). 2.522 f 0.356(14.1p 
400 7 6.121 f. 1.172(19.1). 5 .885 f 0.622(10.6). 


Corresponding coefficient of variation in percent. 


port and liquid phase, injection port and column tem- 
peratures, injection rate, etc.), some of which are difficult 
to control. Therefore, even if an investigator defines con- 
ditions whereby meprobamate can be chromatographed 
directly with adequate accuracy, it cannot be assumed 
that these conditions can be readily reproduced. It be- 
comes apparent that the GLC procedure as originally 
stated in USP XVIII was inadequate since it did not 
specify any GLC conditions. Furthermore, in view of 
the large number of reports on the decomposition of 
meprobamate, it is surprising to find that direct GLC 
was selected as a reference method in USP XVIII. 
Finally, dibutyl phthalate is a poor choice as an internal 
standard since it is not structurally related to meproba- 
mate. It is, therefore, not surprising that the USP XVIII 
GLC procedure was short lived. The current official 
procedure is a colorimetric method adapted from that of 
Poole et al. ( 3 ) .  Although this method is nonspecific 
(since N-H containing substances would interfere), 
its reproducibility was found superior to that of the 
USP GLC procedure. 


The method proposed here involves alkaline hy- 
drolysis of meprobamate to I followed by silylation of 
I with N.0-bis(trimethylsily1)acetamide ; 2-methyl-2- 
ethyl-l,3-propanedio12 (11) is used as an internal stan- 
dard and is added directly to the dissolution sample 
prior to hydrolysis. After hydrolysis (10 min. at IOO”), 
ether extraction, and evaporation, the residue is reacted 
with N,O-bis(trimethylsily1)acetamide (10 min. at 60”), 
whereby I and IT are converted to the corresponding 
trimethylsilyl ethers, Il l  and IV. The latter yield sym- 
metrical peaks with retention times of 2.5 and 3.5 min., 
respectively, at 1.15” (3% SE-30 on Chromosorb W). 
Table IT gives peak height ratios of the silyl ethers 
(III/IV) for various amounts of meprobamate up to 
400 mcg. A plot of the data (peak height ratio versus 
amount of meprobamate) yields a straight line passing 
through the origin (correlation coefficient r = 0.995). 
The excellent reproducibility of the method is indicated 
by the small coefficients of variation. The method is 
quite convenient for dissolution studies since it is rapid 


~~ 


1 TRI-SILIBSA, Pierce Chemical Co., Rockford, Ill. 
2 K 81 K Laboratories, Inc., Hollywood, Calif. 


Table I1 -Determination of Meprobamate after Hydrolysis and 
Silylation: Peak Height Ratios of 111 to IV at Five Different 
Amounts of Meprobamate 


Amount of Number of 
Meprobamate, Determina- III/IV Peak Height Ratio. 


mcg. tions Mean f SD 


0.226 f 0.00548 (2.42). 100 6 
150 2 0.315 
200 6 0.416 f 0.00510 (1.23). 
300 2 0.630 - 


- 


400 6 0.813 f 0.00678 (0.834). 
~ 


a Corresponding coefficient of variation in percent. 


(90 min. for a dissolution run of 10 samples with a 
calibration curve) as well as specific and sensitive. This 
approach has now been applied to the determination of 
meprobamate in biological fluids, and a complete re- 
port on the assay will be published shortly. 
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Fluorometric Microassay for Spironolactone and Its 
Metabolites in Biological Fluids 


W. SADEE', M. DAGCIOGLU, and S. RIEGELMAN 


Abstract [7 Spironolactone (I), canrenone (11), and potassium 
canrenoate (111) can be analyzed in the low nanogram range utilizing 
a fluorescence reaction in sulfuric acid (62% v/v). The fluorescent 
species, a trienone, was used as an external standard. The methods 
were highly sensitive (-10 ng./ml. of 1-111 in plasma) and specific 
for 17-alkyl- 17-hydroxy-4,6-dien-3-one steroids. The 7a-thioacetyl- 
4-en-3-one ( I )  was dethioacetylated under mild alkaline or acid 
conditions to the 4,Cdienone moiety prior to extraction. The ester 
glucuronide of 111 was quantitatively hydrolyzed at  pH 13 for 10 
min. at 100". An estimate of acid-labile conjugates of 1-111 was 
achieved by reaction in methanolic 3 . 6 z  sulfuric acid for 30 min. 
at 100". Spiro-r-lactone congeners (e.g., 1 and 11) were separated 
from 7-hydroxycarboxylic acids (e.g., 111) by extraction into 
methylene chloride at pH 7-8. The methods were applicable to  
biological samples such as plasma, bile, urine, and gastric fluids. 


Keyphrases 0 Spironolactone-fluorometric analysis, biological 
fluids 0 Canrenone and potassium canrenoate-fluorometric anal- 
ysis, biological fluids 0 Spectrophotofluorometry-analysis, 
spironolactone, canrenone, potassium canrenoate, and metabolites 
in biological fluids 


In  prior investigations (1-3), a major metabolite 
of the antimineralocorticoid spironolactone (I) was 
identified to be canrenone2 (11). Potassium canrenoate2 
(HI) was also metabolized to I1 (1-4). A fluorometric 
micromethod, which only accounts for 11, was de- 
veloped by Gochman and Gantt (1). The purpose of the 
present study was to extend the applicability of the 
fluorescence analysis to Compounds 1-111 and to other 
metabolites such as the recently described ester glu- 
curonide of canrenoate (IV) (4). 


I II 


The mechanism of the fluorescence reaction was 
elucidated previously to exclude errors in measuring 
metabolites (5 ) .  The fluorescent species was isolated as 
yellowish crystals, to which the structure of the tri- 
enone V was assigned ( 5 ) .  This compound was used as 
the fluorescent standard. It became evident that any 
reduced metabolites would not yield the fluorescent 
trienones under the conditions used. The procedures 
were designed for estimating I and its metabolites in 
biological samples such as bile, plasma, gastric fluid, 
and urine in the rat, dog, and man. 


EXPERIMENTAL 


Reagents and Apparatusa-All of the scilvents and chemicals used 
were of analytical reagent grade. Triple-distilled water and freshly 
distilled methylene chloride were used. 


Assay Procedures-External Standard Solution -34 17pHydroxy- 
3-oxoandrosta-4,6,8( 14)-trien-17-yl)propionic acid (V) (5) was used 
as an external standard which represented the fluorescent species of 
1-111. One milliliter of a stock solution of 10 mg. V in 100 ml. meth- 
anol was diluted to 50 or 100 ml. each time with water. Appropriate 
quantities of these solutions up to  0.2 ml. were diluted to 5 ml. with 
62% sulfuric acid (62 ml. of 96% sulfuric acid and 38 ml. of  water) 
to yield standard solutions containing 40-160 ng./ml. The fluores- 
cence of 2 ml. of these solutions was read at an activation maximum 
of 483 nm. and a fluorescence maximum of 525 nm. The fluorescence 
yield was linear over a broad concentration range of V (4 ng. t o  
> 1 mcg. V/sample). T o  compensate for the loss of fluorescence over 
time (about 3 z  within 10 min.), the standard should be prepared 
each time at the end of the extraction procedures. 


The amounts of 1-111, which were carried through the procedures 
as described below, were calculated from the fluorescence readings 
of the standard and the samples using a factor F, which resulted 
from the fluorescence yield of 1-111 and the recovery by the extrac- 
tion procedures. For a better comparison, all amounts of 1-111 were 
calculated as 111 considering a relative molecular weight of J/II/III = 
100/82/95. Since fluorescence readings of I I1 and the standard V were 
compared having a ratio of relative molecular weights 95/82, a fac- 
tor F = 1.17 would indicate a complete extraction and complete 
conversion to V. 


For the detection of relatively high concentrations of 1-111 (>1 
mcg./ml.), the absorption maximum at 483 nm. in 62% sulfuric 
acid can be utilized for colorimetric analysis. 


Due to  the high sensitivity and specificity of the method, plasma, 
urine, bile, and gastric fluid samples were directly extracted without 
prior purification. Plasma samples were deproteinated by diluting 


m v 


1 Aldactone. 
* Compound I1 was formerly referred to as aldadiene, and Compound 


SAbsorption spectra were recorded on a DBG Beckman spectro- 
photometer, and fluorescence was read on an Aminco-Bowman spec- 
:rophotofluoromcter and on a Zeiss spectro~~ho~ofluorometer. 111 was formerly referred to as aldadienic acid (1-3). 


1126 0 Journal of Pharmaceutical Sciences 







CANRENOATE-K t c  
0.6 


$ 
m m U 


0.4 
0 
Z 


CL 


a m 


m a 0.2 
% 


1 2 3 4 
HOURS 


Figure 1-Development of the absorption maximum at 483 nm. of  
spironolactone ( I )  (6.7 mcg. fml.) and potassium canrenoate (can- 
renoate-K) (I10  (6.3 mcg./ml.) in 62 % sulfuric acid (u/v). 


with a twofold volume of methanol and were centrifuged. The 
supernate contained practically 100% of 1-111 and other metabolites, 
as shown by control studies using fluorescence and tritium label. 
Spironolactone-20,21-3H (I), with a specific activity of 590 pc./mg. in 
benzene solution, and potassium ~anrenoate-20,2l-~H (111), with a 
specific activity of 860 pc./mg., were received from a commercial 
source‘. Samples were counted after adding a dioxane cocktail for 
aqueous samples, according to Bray (6), in a liquid scintillation 
counter6 with 3H-toluene as the internal standard. The samples 
should contain between 6 and 200 ng. 1-111. Blank readings of plasma 
samples were equivalent to 2 ng. V. The major part of this blank 
reading is due to the sulfuric acid reagent (equivalent to as much as 
1.5 ng.). 


Procedure I :  Determination of I1 and Ill-To 0.3 ml. of an aque- 
ous or methanolic solution of 11 and 111, 2 ml. of 1 % sodium bicar- 
bonate solution was added; then the solution was shaken for 5 min. 
with 4.0 ml. of methylene chloride. After centrifuging, the organic 
layer containing the neutral y-lactone I1 was quantitatively trans- 
ferred to another test tube. To the aqueous phase containing the 
y-hydroxycarboxylic acid 111, 0.3 ml. 2 N HCI was added to yield 
a pH <1, at which I11 lactonizes to 11. After 15 min. at room tempera- 
ture, the solution was shaken for 5 min. with 4.0 ml. of methylene 
chloride and centrifuged. The organic layer was transferred to 
another test tube. To reduce the fluorescence blank, 2.0 ml. of 0.1 
N NaOH was added to the methylene chloride layer which was 
shaken for 1 min. After centrifuging, 3.0 ml. of the organic layer 
was pipeted into glass-stoppered test tubes, 2.0 ml. of 62% sulfuric 
acid was added, and the tubes were shaken for 20 min. The organic 
layer was then removed by pipeting. At this point, the standard 
solutions, containing 40-160 ng. V, were prepared. The fluorescence 
of the sulfuric acid layers was read at 483-525 nm. against the ap- 
propriate standard solution. The factor for calculating amounts of 
I1 (expressed as 111) and 111 per sample was F =  1.74. 


Procedure 2: Fluorescence following Mild Alkaline Hydrolysis 
(Applicable to I-1V)-To 0.3 ml. of an aqueous or methanolic solu- 
tion, 0.15 ml. of 0.3 N NaOH was added (pH 13), and the solution 
was heated in stoppered test tubes in a boiling water bath for 10 
min. By using this procedure, I, 11, and IV were hydrolyzed to 111. 
After cooling, 0.2 ml. of 1 N HCl was added. The solution was kept 
for 15 min. at room temperature to lactonize 111 to 11, which is more 
readily extractable. Then, 2 ml. of 1 % sodium bicarbonate solution 
was added; the solution was extracted with 4.0 ml. methylene chlo- 
ride by shaking for 5 min. and then centrifuged. The organic layer 
was transferred to another test tube and washed with 0.1 N NaOH, 
and the fluorescence was read after reextraction with 62% sulfuric 


’ G. D. Searle Co., Chicago, Ill. 
Packard LSS 3380 AAA. 


acid as described in Procedure 1. The factors for converting fluores- 
cence readings of I and I11 to amounts of I11 were F1=1.93 and 
FIII = 1.84, respectively. 


Procedure 3: Fluorescence following Mild Alkaline and Acid Hy- 
drolysis (Applicable to I-IV and Acid-Labile Conjugates, “Total 
Fluorescence Assay”)-To hydrolyze the alkaline labile conjugates, 
e.g., IV ,  0.3 ml. of an aqueous or methanolic solution and0.15 ml. of 
0.3 N NaOH (pH 13) were combined and the solution was heated 
in stoppered test tubes in a boiling water bath for 10 min. as in 
Procedure 2. After cooling, 0.11 ml. of 18% sulfuric acid was 
added, yielding methanolic 3.6% sulfuric acid. The solution was 
again heated in stoppered test tubes in a boiling water bath for 30 
min. By this procedure, I ,  111, IV, and acid-labile conjugates of 
1-111 are converted to 11. After cooling, 2 ml. of 1 sodium bicar- 
bonate solution was added, and the procedure was carried on as 
described under Procedure 2. The factors for converting the fluores- 
cence readings of I and I11 to amounts of 111 were F1=2.02 and 
FIII  = 1.90, respectively. 


RESULTS AND DISCUSSION 


The fluorescence reaction of a broad variety of steroids in sulfuric 
acid is widely used for quantitative analysis. Hydrocortisone and 
corticosterone yield an intense fluorescence in 80z sulfuric acid. 
However, a high yield of the greenish fluorescence obtained from 
I1 and I11 in comparatively low concentrated sulfuric acid (62%) 
requires rather unique features of the steroid moiety, i.e., the 4,6- 
dien-3-one structure and a tertiary 17-hydroxyl function (5 ) .  Thus, 
hydrocortisone and corticosterone do not fluoresce in 62% sulfuric 
acid, whereas I1 and 111 yield 83.2% of the trienone V as judged by 
fluorescence. The formation of the trienone V in 62% sulfuric acid 
is shown in Fig. 1 (upper curve). The development of the absorption 
maximum at  483 nm. is correlated with the fluorescence of the tri- 
enone V (5 ) .  


1 I 
H 8  I pH7--8 CH2C12 


CHzClz 1 
1 


wash with 0.1 N NaOH 


1 1 
reextract into 62% H,SO, 
(no fluorescence for I) 


Scheme I-Determination of 11 arid I l l  (Procedure I )  
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CH2CI2 
CHICIl /I - 


1 
1 


wash with 0.1 N NaOH 


reextract into 62% H,SO, 
Scheme 11-Fluorescence following mild alkaline hydrolysis (applic- 


able for 1-1 V ,  Procedure 2) 


This unique reaction in connection with the high yield of V re- 
sulted in extremely high sensitivity, specificity, and reproducibility 
of the fluorescence assay for I1 and 111. The limiting factor of the 
assay procedures was the blank reading of the sulfuric acid and of 
the biological samples. 


Recently, a G C  procedure was described for 11, which was pro- 
posed to  be more specific than the fluorescence method (7). How- 
ever, the specificity of this procedure is doubted, since I is dethio- 
acetylated to 11 under the G C  conditions, resulting in only one peak 
with the retention time of 11. Furthermore, this thermolytic product 
was identified as 11 by mass spectroscopic evidence. 


Acid-labile substituents such as hydroxy and thioacetyl (SC- 
W H 3 )  in positions 6 and 7 of 17-hydroxy-17-alkyl-4-en-3-ones 
should be expected also to  yield the trienone system of V in con- 
centrated solutions of sulfuric acid. However, very little fluorescence 
was generated by these steroids (8, 9). The development of the ab- 
sorption of the 7a-thioacetyl derivative I in 62% sulfuric acid a t  
483 nm. is shown in Fig. 1 (lower curve). Based on the different rates 
of the formation of V from I or Ill, a differential assay for the dien- 
ones I1 and 111 and for the 7a-thioacetyl-enone I was developed. 
The following factors were considered in selecting a relatively low 
concentrated sulfuric acid (62%), which extended the extraction 
time to 20 min. 


1. Naturally occurring steroids, which yield fluorescence by 
mechanisms other than the formation of the trienone system present 
in V, do not interfere in the assay. 


2. Fewer side reactions occur, and the stability of the trienone V 


1 I, LI, ID, IV 1 5 / I I I , , a c i ~ - l a b i l ~ c ~ n j u ~ a t e s  1 
acid-labile conjugates 


increases with decreasing concentrations of sulfuric acid. 
3. The relative fluorescence yield of I, when compared to  111, 


decreases with decreasing concentrations of sulfuric acid. 
4. The enone I is a much weaker base than the dienones I1 and 


111 and is, therefore, extracted to a smaller extent from methylene 
chloride into lower concentrated sulfuric: acid. The extraction time 
of 20 min. using 6 2 z  sulfuric acid additionally allows a nearly com- 
plete conversion of the dienones 11 and 111 to the more basic tri- 
enone V during the extraction procedure, which increases the yield 
of extraction to  over 95% for 11 and 111. Therefore, the fluores- 
cence yield generated from I (Procedure 1) was less than 5% when 
compared to the fluorescence yield of 11 and Ill ,  allowing accurate 
measurements of 11 and I11 in the presence of I. 


For the estimation of 1, dethioacetylation to the dienone moiety 
was effected a t  pH 13 for 10 min. a t  100" prior to extraction (-94x 
yield, Procedure 2). Also, acid hydrolysis in methanolic 3 .6x  sul- 
furic acid for 30 min. at 100" (Procedure 3) results in dethioacetyla- 
tion of I and dehydration of possible 7n-hydroxy metabolites (10, 
ll), as well as in the conversion of possible 70-thiol metabolites to 
the dienone moiety. Under the conditions of Procedures 2 and 3, 
the spirolactone moiety remained stable. More vigorous treatment 
was found to decompose these steroids. 


The chemical nature of the neutral spiro-y-lactone ring in con- 
trast t o  the y-hydroxycarboxylic acid was utilized in the analytical 
separations. While both forms were relatively stable at pH 5-8, the 
ylactones were rapidly hydrolyzed at pH 13, and the y-hydroxy- 
carboxylic acids were rapidly lactonized at  pH 1 to 100%. Both 
forms were separated at pH 7 -8 by extracting the neutral y-lactones 
into methylene chloride. The y-hydroxycarboxylic acid congeners 
were then converted at pH 1 to  y-lactones, which are more lipo- 
philic and easier to extract. The extraction of biological acid con- 
taminations from methylene chloride into 0.1 N NaOH did not 
result in hydrolysis of the y-lactone congeners due to their high 
distribution coefficient (methylene chloride-water). The overall ex- 
traction yield (Procedure 1) was 91 %. 


Since Compound I can only be calculated by subtracting values 
for 11 and I11 obtained in Procedure 1 from the values obtained by 
Procedure 2 (sum of I, 11, and 111). I cannot be accurately measured 
in the presence of large amounts of 11 and 111. Also, the polar glu- 
curonic acid conjugate (IV) (4) interferes with the estimation of I 
and has to be separated if present. Compound IV was not found 
in measurable quantities in plasma of dogs and rats. Karim et al. 
(4) reported that in human studies, administration of 3H-Ill re- 
sulted in recovery from the urine of the ester glucuronide (IV) as a 
major metabolite. We found that IV in human urine can be quanti- 
tatively hydrolyzed to  I11 using mild alkaline hydrolysis (Procedure 
2). Studies undertaken on the dog, rat, and man, to be reported 
subsequently, also resulted in evidence that still other polar conju- 
gates are present in their plasma. bile, and urine samples. These 
others can be estimated by the "total fluorescence assay" (Pro- 
cedure 3). 


The assay procedures are described in Schemes 1-111. 
The methods, in addition to the use of tritium-labeled I and 111, 


proved to be valuable for studying the fate of the spirolactones in 
the rat, dog, and man, which will be reported elsewhere. 


3.6% methanoh 


HSO, 
1000 


30 min 


595( 1971). 
(6) G. A. Brav. Anal. Biochem.. 1.279(1'360). 


wash with 0.1 N NaOH 


1 
reextract into 6% H,SO, 


Scheme Ill-"Total Fluorescence Assay" (Procedure 3) 
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Plasma Levels of Spirolactones in the Dog 


W. SADEE*A, S .  RIEGELMAN*, and S .  C. JONESt 


Abstract 0 A fluorometric micromethod for the determination of 
spironolactone (I)  and some of its possible metabolites was utilized 
to follow plasma concentrations after intravenous administration 
of I, canrenone (II),  and potassium canrenoate (111). Spironolactone 
(I) was eliminated from plasma of female dogs, with a half-life of 
less than 10 min., and was partially converted to I1 and 111. The 
7-lactone ring of I1 equilibrated with the 7-hydroxycarboxylic acid 
of 111, resulting in similar plasma levels of I1 2 hr. following 
equimolar intravenous doses of I1 and 111. Canrenone (11) rep- 
resented the predominant component in plasma. Plasma concen- 
trations of 11, following an equirnolar intravenous dose of I, were 
significantly smaller (-40%). Thus, I was only partially dethio- 
acetylated to 11. 


Keyphrases 0 Spirolactones-plasma levels after intravenous 
administration, fluorometric analysis, dogs 0 Spironolactone- 
plasma levels after intravenous administration, fluorometric 
analysis, dogs Canrenone and potassium canrenoate-plasma 
levels after intravenous administration, fluorometric analysis, 
dogs Plasma levels-spironolactone, canrenone, and potassium 
canrenoate after intravenous administration, dogs Spectrophoto- 
fluorometry-analysis, spirolactones 


The class of spirolactones, synthesized by Cella and 
Tweit (l), were found to be potential competitive an- 
tagonists of mineralocorticoids (2, 3). One of these, 
spironolactone (I), is used as a potassium-sparing di- 
uretic due to its high peroral activity. In spite of many 
studies on the pharmacological activity and metabolic 
and pharmacokinetic behavior of this compound (4-12), 
the major metabolic fate and the active principle of I 
remain unclear. Canrenone (11) was identified as a 
major metabolite (4, 5), which also possesses pharmaco- 
logical properties similar to those of its parent com- 
pound (1, 6). Since a sensitive fluorometric assay was 
available for 11 but not for I (7), most pharmacokinetic 
studies were based on this method. 


The plasma levels of 11, obtained after high oral 
doses of I (100-1000 mg.), were in the low nanogram 
range in humans (4-12). This may be explained partially 
by a poor absorption of I due to its low solubility in 
water (20 mcg./ml.). Pharmaceutical formulations have 
been devised which apparently lead to a 10-fold enhanced 
GI  absorption, using polysorbate 80 (8, 9, 13) or 
micronized powder (10, 14). The greater absorption 


could be correlated with increased dissolution rates in 
water (13). 


The plasma levels of I in man were estimated to be in 
the range of one-fifth of the levels of I1 (7); however, 
in another study, I could not be detected at  all (15). 
Similarly, contradictory results were reported for the 
appearance of I in urine (15, 16). No conclusive evi- 
dence could be presented as to the pharmacologically 
active principle (17). 


The time course of drug action also has to be con- 
sidered. Compound I shows a slow cumulative action 
on sodium excretion in the urine (12) and a maximum 
effect between 4 and 14 hr. following a single dose. 
Other reports indicated that it may take longer than 
24 hr. for maximum effect. It was reported that I1 
disappears from the plasma with a half-life of 4-5 hr. 
in man (18, 19); another report indicated 8 hr. (20). 
Neither of these values may represent the terminal log- 
linear phase of the biological half-life. Half-life studies 
of I1 have been undertaken with potassium canrenoate 
(111) in man (18-20). Compound 111 was reported to  
convert rapidly to I1 (18-20) and to the ester glucuronide 
of I11 as a major metabolite in man (20). 
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Application of Fluorescence Spectroscopy to Study of 
Intramolecular Hydrogen Bonding in Pamaquine 


STEPHEN G .  SCHULMAN’ and KENNETH ABATE 


Abstract 0 The fluorescences of the antimalarial pamaquine and 
of its precursor 8-amino-6-methoxyquinoline were studied in 
sulfuric acid and n-heptane and throughout the pH range in water. 
Quenching of the fluorescences of both molecules in concentrated 
acid solutions upon addition of water was found to be the result of 
dissociation in the excited state from the protonated 8-amino 
groups. The anomalously long wavelengths of fluorescence of singly 
protonated pamaquine in the biological pH range in water and in 
rr-heptane are shown to be due to intramolecular proton transfer, 
in the excited state, from the diethylamino group of the side chain 
to the heterocyclic nitrogen atom of the quinoline ring. This phe- 
nomenon appears to be mediated by the presence of an intra- 
molecular hydrogen bond between the protonated diethylamino 
group and the ring nitrogen atom in the ground state, a result that 
may be of significance in the interpretation of the pharmaco- 
dynamics of pamaquine. 


Keyphrases 0 Pamaquine-fluorescence, intramolecular hydrogen 
bonding, acidity dependence 0 Fluorescence, pamaquine-effect 
of intramolecular hydrogen bonding, acidity dependence 0 Spec- 
trophotofluorometry- pamaquine fluorescence, acidity dependence 


The fluorescence of pamaquine has been a subject of 
some controversy. Brodie et nl. (1) found that the 
naphthoate salt of pamaquine emitted a blue fluorescence 
in alkaline solutions. Irvin and Irvin (2) subsequently 
studied the free base dissolved i n  concentrated sulfuric 
acid solutions, and they observed fluorescence in solu- 
tions greater than 7 M i n  sulfuric acid. No fluorescence 
was observed at lower acidities, and the emission i n  
concentrated sulfuric acid was attributed to a solvent 
effect and protonation of the methoxy group. Later work 
by Udenfriend et al. (3) showed the fluorescence of 
pamaquine naphthoate to be due to  the naphthoate 
anion. Recently, Schulman and Sanders (4) showed that 
the failure of 8-aniinoquinoline to fluoresce in  fluid 
dilute acid solutions was a result of hydrogen bonding 


of the monocation with the solvent, water, in  the lowest 
excited singlet state. The reason for the failure of the 
dication of the aminoquinoline to fluoresce in  fluid 
concentrated sulfuric acid solutions was less certain 
and was attributed either to  hydrogen-bonding-assisted 
internal conversion, as for the monocation, or to  the 
acidity of the dication i n  the excited state which may 
have been so great that the latter species could not form 
even in the most concentrated sulfuric acid solutions 
available. 


To evaluate the nature of the fluorescence of pania- 
quine in concentrated acid solutions in  light of modern 
fluorescence theory, the present study of the acidity 
dependence of the fluorescence of pamaquine and of its 
simple aromatic precursor, 8-amino-6-methoxyquino- 
line, was undertaken. 


EXPERIMENTAL 


Instrumentation-Absorption spectra were obtained using a spec- 
trophotometerl. Fluorescence measurements were performed on a 
fluorescence spectrophotometer2 whose monochromators were 
calibrated against the xenon line emission spectrum and whose 
output was corrected for instrumental response by means of a 
rhodamine-B quantum counter. The pH measurements were made 
using a digital pH meter3 with a silver-silver chloride-glass com- 
bination electrode‘. 
Reagents-8-Amino-6-methoxyquinoline5 and pamaquine phos- 


phate6 were used without further purification. 
Analytical reagent grade sulfuric acid was purchased’ and used 


without further purification. Solutions of varying acidity for fluoro- 


1 Beckman DG-BT. 
Perkin-Elmer MPF-2A. 
Orion model 801. 
Beckman. 
I< & K Laboratories, Inc., Plainview, N. Y. 
Sterling-Winthrop Research Institute, Reiisselaer, N. Y. 


7 Mallinckrodt Chemical Works, Inc.. St. Louis, Mo. 
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Figure 1-Fluoromrtric titratioris of ( A )  pamaquine and ( B )  8-amino- 
6-tnc~tlios~~iiit1olirle in concentrated sulfuric acid. The abscissa 
(Ho) is the Hanimeit acidity scale for sulfirric acid solurions. The 
ordinate ( I f )  is fluoresceizce intensity in arbitrary units. The emis- 
sion maximu, (it uhich 11 calues were measured, were a t  433 nm. for 
bo th compounds. 


metric and absorptiometric titrations were prepared by dilution of 
the sulfuric acid with distilled deionized water. 


Spectroscopic grade n-heptane was purchasede and used without 
further purification. 


For fluorescence studies in n-heptane, the doubly protonated 
form of pamaquine was prepared by dissolving pamaquine diphos- 
phate directly in n-heptane to saturation. The singly protonated 
species was prepared by making the latter solution 1 X lop2 M 
in morpholine. The neutral species was prepared by dissolving the 
free base pamaquine directly in n-heptane. 


RESULTS AND DISCUSSION 


Both pamaquine and 8-amino-6-methoxyquinoline demon- 
strated intense blue fluorescence at  433 nm. in the most con- 
centrated acid solutions. The fluorometric titration curves of these 
compounds are shown in Fig. 1 .  Neither titration curve was com- 
plete at the upper end of the acidity scale employed (Ho = - 10.0 
in 96% H,SOJ (5). The long wavelength absorption maxima of 
both compounds demonstrated substantial shifts to shorter wave- 
lengths on going from dilute (0.1 M )  to concentrated sulfuric acid 
(Tables I and 11). The pKa for dissociation of the triply protonated 
cation of pamaquine to the doubly protonated cation is -1.3 (6). 
Spectrophotometric determination of the pKa of doubly protonated 
8-amino-6-methoxyquinoline, in this work, yielded a value of 
-0.4. These dissociations occur from the protonated 8-amino 
groups (4); the bathochromic absorption shift, upon dissociation, 
indicates that both compounds become stronger acids in the lowest 
excited singlet state, a result consistent with the normal excited 
state behavior of arylamines (7, 8). It is, therefore, concluded that 
the fluorometric titrations of both compounds in the region near 
Ho -10 are the result of ionization in the lowest excited singlet 
states of the fluorescent arylammonium ions to form nonfluorescent 
8-amin0-6-methoxyquinolinitim ion and its analog in pamaquine. 


Although the fluorometric titration curves of neither pamaquine 
nor 8-amino-6-methoxyquinoline were complete in the most acidic 
solutions employed, the slope of the fluorometric titration curve of 
8-amino-6-methoxyquinoline indicated that the Henderson- 
Hasselbach equation was obeyed for the distribution of excited 
acid and conjugate base species derived from this compound. There- 
fore, it could be concluded that prototropic equilibrium was 
achieved within the lifetime of the lowest excited singlet state ac- 


CH,O 


Scheme I 


cording to Scheme I. It was thus possible to extrapolate the fluoro- 
metric titration curve for the equilibrium in Scheme I to obtain the 
approximate excited state dissociation constant pKa* = - 10. 


The fluorometric titration of pamaquine in concentrated sul- 
furic acid, although not complete a t  Ha - 10, originated at  lower 
Hammett acidities than that for 8-amino-6-methoxyquinoline. 
Moreover, a t  the more acidic end of the titration curve, it was ob- 
vious that the inflection point (Ho = pKa*) was well passed. The 
pKa* estimated for dissociation of triply protonated pamaquine 
from the amino group (Scheme 11) is -8.0. The lower acidity of 
pamaquine relative to 8-amino-6-methoxyquinoline may be due 
to the inductive effect of the alkyl side chain of the 8-amino function 
of pamaquine. However, the slope of the fuorometric titration 
curve of pamaquine in concentrated acid (Fig. 1) is not quite as 
steep as that of 8-amino-6-methoxyquinoline. This suggests that 
prototropic equilibrium may not be complete during the lifetime 
of the lowest excited singlet state, so the apparently lower pKa* 
of pamaquine may be due to kinetic rather than thermodynamic 
factors (8). 


No fluorescence was observed for 8-amino-6-methoxyquinoline 
below Ho -5  in aqueous solutions. This appears to be typical of 
8-aminoquinolines and has been shown, for unsubstituted 8- 
aminoquinoline, to be the result of quenching of the fluorescences 
of the neutral and singly protonated species by hydrogen-bonding 
interactions with the solvent in the lowest excited singlet state (4). 
That this is also the case for 8-amino-6-methoxyquinoline is demon- 
strated by the observation of fluorescence from both the neutral 
species and hydrochloride a t  438 and 543 nm., respectively, in the 
nonhydrogen-bonding solvent n-heptane (Table I). However, the 
doubly protonated species derived from 8-aminoquinolines are 
apparently capable of fluorescing in fluid concentrated acid solu- 
tions provided that the excited doubly protonated species is not 
too acidic to be generated in available acid solutions. The pKa* 
of excited, doubly protonated. 8-aminoquinoline has been estimated 
to be - 14 (4) and is thus too acidic for the latter to exist in con- 
centrated sulfuric acid. The 6-methoxy derivative, however, is ap- 
parently not as strong an acid as the unsubstituted 8-aminoquinoline, 
probably as a result of charge transfer in the excited state from the 
methoxy group to the amino group, and this accounts for the 
observation of fluorescence from the former doubly protonated 
cation in fluid sulfuric acid solutions. 


Although the blue fluorescence of pamaquine in sulfuric acid is 
quenched by dilution of the acid, in very dilute acid solutions there 
appears a weak-green fluorescence (A,,, = 525 nm.), persisting 
through the pH 3-14 range. Quenching of the green fluorescence in 
dilute acid solutions (pH - 3) is half complete at pH 3.5. Since the 
latter pH corresponds to the ground state pKa for dissociation from 


" Mathrson, Coleman and Bell Inc., Rutherford, N. J .  Scheme I 1  
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Table I-Low Frequency Absorption Maxima ( 8 , )  and Fluorescence 
Maxima (5,) of 1 X 
in Media of Different Aciditiesn 


M 8-Amino-6-methoxyquinoline 
Table 11-Low Frequency Absorption Maxima ( is)  and 
Fluorescence Maxima ( ; I )  of Pamaquine Diphosphate in 
Media of Different Aciditiesm 


Solvent V .  f f  


18 M H2SOa (Ho -10.0) 2.88 2.31 
0.1 M Aqueous H2S04 2.63 
0.1 M CF3COOH in ri-heptane -b 1.88 


ri-Heptane -b 2.28 
7 M Aqueous NaOH (H- 15.6) 


- 


Aqueous phosphate buffer (pH 7) 2.96 - 


- 2.96 


a Maxima are reported in,  pm.-L (cm.-l X b Solubility in  11- 
heptane was too low to obtain accurate absorption spectra. 


the heterocyclic nitrogen atom of pamaquine (6) (Scheme III), it 
can be concluded that the green fluorescence originates from a 
species formed as a result of the excitation of pamaquine, proto- 
nated only at  the diethylamino function. At high pH, the green 
fluorescence at  525 nm. diminishes with increasing pH in the region 
near pH 14 and a blue-green fluorescence (A,,, = 485 nm.) con- 
currently appears. The midpoint of this conversion occurs at pH 
14.0. In this pH region, the only species present in the ground state 
is the neutral species or free base pamaquine [the pKa for dissocia- 
tion of the protonated diethylamino group is 10.2 (6)] so that the 
absorption spectrum does not vary appreciably with pH. Con- 
sequently, the shifting of the fluorescence of pamaquine in the pH 
14 region must be due to a reaction taking place in the excited 
state. 


To characterize the green fluorescence and the blue-green 
fluorescence arising from pamaquine. the fluorescence spectra of 
pamaquine in  various states of protonation were taken in /I-heptane. 
Heptane is a low dielectric, nonhydrogen-bonding solvent in which 
excited state processes involving intermolecular proton transfer 
between solvent and solute are not possible (10). Thus, excepting 
intramolecular proton transfer processes, fluorescence in heptane 
must originate from the species that is excited. The fluorescences 
of the neutral, singly protonated, and doubly protonated species 
arising from pamaquine in 11-heptane as well as the emissions of 
pamaquine in aqueous media are listed in Table 11. 


The data of Table 11 show that the fluorescences of the singly 
protonated pamaquine in heptane and in water are almost identical 
and are much closer in wavelength to the fluorescences of the doubly 
protonated species in heptane than to those of the free base in 
heptane or i n  water. This is rather unusual because the singly proto- 
nated species is protonated at the diethylamino group, which is 
aliphatic; and if isolated from the aromatic system as depicted in 
Scheme 111, it should not affect the electronic structure of the 
aromatic system. Thus, it is to be expected that the singly protonated 
species should show fluorescence very similar to that of the  free 
base. The lack of direct effect of the alkyl side chain on the elec- 
tronic structure of the aromatic group is illustrated by the similari- 
ties of the luminescence frequencies in n-heptane of the various 
species derived from 8-amino-6-methoxyquinoline (Table I) with 


+ H+ 


Solvent Y O  V f  


18 M H?SOI(Ho - 10.0) 2.84 2.31 
0.1 M Aqueous H2SO4 2.39 
ti-Heptane -6 1.88 
Aqueous phosphate buffer (pH 7) 2.16 1.91 
12-Heptane + morpholine -b 1.92 
7 M Aqueous NaOH(H- 15.6) 2.71 2.05 
Pamaquine (free base in fi-heptane) - I ,  2.26 


- 


a Maxima are reported i n  p rn -1  (an-‘ X 10-4). bSolubility in n- 
heptane was too low to obtain accurate absorption spectra. 


those’ of the corresponding species derived from pamaquine. More- 
over, the fluorometric titration of pamaquine in the region near pH 
14, which is due to dissociation in the excited state, does not appear 
t o  be consistent with titration of the protonated diethylamino group 
since the aliphatic side chain would be expected to show ground 
state titration behavior even when the aromatic part of the molecule 
is electronically excited. 


These results strongly suggest that the protonated diethylamino 
group of the aliphatic side chain of pamaquine is intimately as- 
sociated with the aromatic ring in the excited state; for this reason, 
the fluorescence of singly protonated pamaquine is sensitive to 
protolytic dissociation. The fluorescence properties and titration 
behavior of singly protonated pamaquine suggest the following 
explanation for the observed results. 


The failure of pamaquine to fluoresce in the region from HO 
-5 to pH 3 while doubly protonated pamaquine shows green 
fluorescence in wheptane indicates that the excited state of the 
doubly protonated species is quenched by hydrogen bonding with 
the aqueous solvent. In the region near pH 3.5, doubly protonated 
pamaquine is converted in the ground state to the singly protonated 
species (Scheme 11). Although the diethylamino group of the side 
chain is more basic than the heterocyclic nitrogen atom in the 
ground state and, therefore, is covalently bonded to the remaining 
proton, there is additional stabilization energy to be gained by the 
formation of an intramolecular hydrogen bond between the proton 
of the diethylammonium group and the ring nitrogen (Scheme IV). 


Thus, the intramolecularly hydrogen-bonded, singly protonated 
species derived from pamaquine is the stable, thermally equili- 
brated, singly protonated species in the ground state, a result which 
may be of importance in the interpretation of the biological action 
of pamaquine since this species is predominant at  biological pH. 
The shifts to shorter wavelengths of both absorption and fluores- 
cence spectra of 8-amino-6-methoxyquinoline and pamaquine 
upon protolytic dissociation from the heterocyclic ring indicate 
that the ring nitrogen atom becomes considerably more basic i n  
the lowest excited singlet state (7-9). If the ring nitrogen atom in 
the excited state of pamaquine is more basic than the diethylamino 


Schenie III 
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H' 


Scheme V 


group. excitation of the singly protonated species would result in 
transfer of the proton, across the intramolecular hydrogen bridge, 
from the diethylamino group to  the ring nitrogen. Presumably, in 
the thermally equilibrated excited state, the proton would be co- 
valently bonded to the ring nitrogen and electrostatically hydrogen 
bonded to  the diethylamino group (Scheme V). 


Thus the excited singly protonated species would have an elec- 
tronic distribution similar to that of the doubly protonated species 
in the aromatic ring, and this would account for the similarity of 
emission frequency between the singly and doubly protonated 
species. That the emission frequency of the singly protonated 
species is slightly higher than that of the doubly protonated species 
in n-heptane can be explained by the intramolecular hydrogen bond 
with the diethylamino group which partially withdraws the proton 
from the ring nitrogen atoms, thus diminishing its polarizing effect 
on the *-electron distribution of the aromatic system. The in- 
tramolecular hydrogen bond with the diethylamino group in the 
excited state also serves to shield the proton of the excited singly 
protonated species from the solvent. This accounts for the observa- 
tion of fluorescence from the singly protonated species of pamaquine 
but not from the doubly protonated pamaquine or singly protonated 
8-amino-6-methoxyquinoline, both of which have similar electronic 
structures to  that of the singly protonated pamaquine. 


The fluorometric titration of pamaquine near pH 14 can be at- 
tributed to protolytic dissociation. in the excited state, from the 
heterocyclic nitrogen atom of singly protonated pamaquine. The 
pKa* corresponding to this dissociation is 14.0. This dissociation 
occurs at  such high pH because of the increase in basicity of the 
ring nitrogen upon excitation and supports the hypothesis of proto- 
nation of the ring nitrogen in the excited state of singly protonated 


Kinetics of Solvolysis of Intrazole 


V .  K.  PRASAD, R. A. RICCI, and A. P. GRANATEK' 


pamaquine. That the fluorescence of the free base pamaquine occurs 
at substantially lower frequencies than in ri-heptane is probably the 
result of electrostatic stabilization of the excited state of the free 
base by dipole-dipole interactions with the highly polar aqueous 
solvent. That pamaquine fluoresces as the free base in aqueous solu- 
tions while 8-amino-6-methoxyquinoline does not appears to be 
the result of protection of the ring nitrogen atom of pamaquine from 
hydrogen-bonding interactions with the solvent. Although dis- 
sociation removes the hydrogen bond between the alkyl side chain 
and the ring nitrogen atom, the time required for the chain to be- 
come disoriented from the ring nitrogen atom may be slow com- 
pared with the lifetime of the excited state of pamaquine, so the 
chain may provide a steric blockage to approach of solvent mole- 
cules which would quench the fluorescence of the excited free base. 
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Abstract The kinetics of degradation of intrazole [I-(p-  
chlorobenzoyl)-3-( 1 H-tetrazol-5-ylmethyl)indole] in solution was 
investigated at 65 f. 0.1" at constant ionic strength of 0.5 over a 
wide pH range. The observed rates, followed by measuring intact 
intrazole, obeyed first-order kinetics. The catalytic effect of a 
phosphate buffer was found to be greater than the acetic acid 
catalysis. The apparent rate of hydrolysis of intrazole increased 
with the increasing concentration of hydrochloric acid. Primary 
salt effects were observed in both acidic and basic solutions. The 
rate of hydrolysis decreased in acidic and alkaline solutions, with 
increasing concentrations of ethanol in the solvent system. The 
apparent heats of activation for intrazole degradation in solution 


The anti-inflammatory, antipyretic, and analgesic 
properties of intrazole (I), the most effective member of 
a series of 1-substituted 3-(5-tetrazolylmethyI)indoles, 


were determined to be 19.87 kcal./mole in 0.1 N HCI, 21.40 kcal./ 
mole in p H  4.10 acetate buffer, 20.30 kcal./mole in pH 8.0 phosphate 
buffer, and 7.25 kcal./mole in pH 9.10 and 10.10 borate buffers. 
From the rate-pH profile, the pH of minimum degradation or 
maximum stability of the compound under buffer-free conditions 
was found to be 3.20. The products of hydrolysis formed in acid- 
and alkali-catalyzed degradation of intrazole were identified by 
TLC. A mechanism consistent with the above observations is pro- 
posed. 


Keyphrases 0 Intrazole-solvolysis, pH-rate profile pH-sol- 
volysis rate profile-intrazole 


were described by Fleming et nl. (1). It was shown to be 
equally active in intact and adrenalectomized rats as an 
anti-inflammatory agent (carrageenin foot edema assay). 
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tional advantage is the favorable geometry of the fadeometer where 
the tablets are always in a fixed distance from the light source; in the 
light cabinet, a slight error may be involved since all tablets cannot 
be placed exactly in the center of the tray. 


CONCLUSIONS 


1. An apparent first-order rate of fading was established by 
earlier investigators for colored tablets in conventional light cabinets 
and in natural light. In this study, it was shown that a similar rate is 
valid for samples exposed to the carbon arc light source of a fadeom- 
eter. 


2. In the initial (Kl) phase, color fading is approximately 50-100 
times faster in the fadeometer than in the light cabinet. Therefore, in 
each experiment, a 24-hr. exposure in the fadeometer was found 
sufficient to compare the fading behavior of tablets and to  predict 
color stability under environmental conditions. (Followup testing 
under normal conditions for 2 years demonstrated good agreement 
with predicted stability.) 


3. The rapid fadeometer test is a valuable tool which aids the 
pharmaceutical formulator in the application of optimal colorants 
and the packagmg engineer in the selection of containers most 
suitable for protecting colored tablets from the effects of light. 
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NOTES 


Purification of a Potent Antitumor Agent from a 
Tahitian Sea Anemone and Methods of Administration 
Studies with Ehrlich Ascites Tumor in Mice 


TED R. NORTON’ and MIDORI KASHIWAGI 


Abstract 0 An antitumor substance, stoichactin, was obtained from 
an aqueous alcoholic extract of the sea anemone, identified as most 
probably being Stoichactis kenti, using dialysis and gel permeation 
chromatography. The drug is effective at  very low dosages using sev- 
eral different methods of administration in the control and cure of 
Ehrlich ascites tumor in mice. 


Keyphrases 0 Stoichactin-identification and pharmacological 
studies as an antitumor agent, mice 0 Antitumor agents-purifica- 
tion of stoichactin from sea anemone. pharmacological testing with 
Ehrlich ascites tumor, mice Sfoichacfis kenfi-isolation and pu- 
rification of stoichactin, a potent antitumor agent, pharmacological 
testing, mice 


of coelenterates were highly effective in the control of 
Ehrlich ascites tumor in mice (1). One of these coelen- 
terates was the anemone, identified as most probably 
being Stoichactis kentil. Because of the very high speci- 
fic activity found in a 30% ethanolic extract of this 
anemone, purification of the active constituent was 
undertaken. Partial purification results were recently 
reported (1). A fraction which deposited crystals on 
evaporation of an aqueous solution has now been ob- 
tained, and the active substance, now essentially pure, 
is being named “stoichactin.” This drug was evaluated 


During a rather broad study of pharmacological 
activity of over 1000 species of natural products from 
the Pacific basin, it was found that a number of extrkcts 


1 Collected from the reef of Arue Bay in Tahiti by Dr. Frank Tabrah. 
Dr. Cadet Hand, Director of the University of California Bode a 
Marine Laboratory, identified this sea anemone as definitely being in 18, 
genus Sroichuctis and most probably as thc species S. kenf i .  
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wet S. kenti 


CHCI,/H20 partition 


(1 .&I kg.). 


ethanol residue 
(57.0 g., active at  560 mcg./dose) 


.1. homogenized with 3 0 z  ethanol 


CHCI!/H20 partition, 
gel permeation chromatography 


gel permeation chromatography 
with 0.03 M NaCl 


desalted by beaker dialysis 


CHCII + interface residue 
(3.25 g., inactive) 


Hzb residue 
(53 .5  g., not tested) 


by several different modes of adniinistration and in- 
jection schedules to delineate its antitumor properties. 


DISCUSSION 


A summary of the purification procedure for 1 kg. of wet S. kenti 
is shown in Scheme I. The presence of activity in the fractions ob- 
tained was determined by bioassay against Ehrlich ascites tumor in 
mice by the method previously described (2). The doses, at  which the 
fraction is described as “active” in Scheme I, were given intraperi- 
toneally 20 times over a period of 10 days and effected an approxi- 
mate EDso at  30 days after tumor cell administration. The same 
isolation procedure has been used on 7 kg. of wet anemone2 with 
comparable results. 


When the anemone specimens were collected, they were drained 
and fresh frozen, shipped from Tahiti under dry ice refrigeration, 
and kept frozen until extracted. A freshly thawed sample was diced 
and homogenized with 30% ethanol. The crude extract was defatted 
with chloroform and dialyzed. The active retentate was once more 
defatted and subjected to  gel permeation chromatography (Sephadex 
G-50) using distilled water elution. In this case the bulk of the ac- 
tivity was found in Fraction 2 (VJV,,  = 1.70-2.20), with a small 
amount in Fraction 3 and in retained material washed from the 
column by 5 %  NaCl after each run. The solid from Fraction 2 was 
chromatographed on both cationic and anionic cellulose columns, 
and the active substance was not retarded by either column at pH 7 
with 0.01 M phosphate buffer eluate. Therefore, Amberlite MB-1 
(mixed bed resin) was used to remove ionized impurities. Attempts 
to rechromatograph the deionized sample using gel permeation 


~~ ~~~~~~ ~~~~~ 


* The authors are indebted to Dr. J. Saugrain, then Director, and Dr. 
R. Bagnis, in charge of the medical oceanography section of the Insti- 
tute of Medical Research “Louis Malarde” in Papeete, Tahiti, French 
Polynesia, for the collection of the 7 kg. of S. kenti specimens during the 
summer of 1971. 


Chromatography, with water as the eluate, failed, the active sub- 
stance being completely retarded. It was then found that 0.03 M 
NaCl would break the binding of the active substance to the Sepha- 
dex G-50. With the salt present, the active substance in Fraction 6 
was eluted earlier (UV absorption maximum at 280 nm. at  V,/V,, = 
1.78 compared to 2.06 when water was used on the crude retentate). 
After desalting by dialysis and subsequent evaporation, Fraction 6 
deposited crystals. 


The previously described (1) preliminary purification of S .  kenti 
extracts was based on work done with specimens collected in 1968. 
For unknown reasons, the active fraction in this earlier study was 
retarded more during the gel permeation chromatography of the re- 
tentate, appearing in the equivalent of Fraction 3 in the present 
study. The presence of a lower concentration of ionized organic im- 
purities in the retentate from the 1968 sample may explain this 
greater retardation of the active substance. 


Stoichactin appears to be a neutral compound, stable at pH 0.5 
and unstable at  pH 13 for 24 hr. at 25”. It does not lose activity after 
being incubated with pronase, indicating that i f  the molecule does 
contain a polypeptide moiety it is most likely either not hydrolyzed 
by pronase or is not important to its activity. Stoichactin gives stable 
foams in a 0.1 % aqueous solution and causes immediate erythrocyte 
lysis at  10 p.p.m. Based on the very slight retardation on Sephadex 
(3-25 and moderate retardation on Sephadex G-50, the molecular 
weight is probably above 5000. Studies on the chemical nature of 
stoichactin are in progress. 


The experimental data from the study of different methods of 
drug administration in the control of Ehrlich ascites tumor are given 
in Table I. All experiments were carried out using the methods 
described previously (1) with modifications indicated in Table I. In 
this laboratory, during the past 4 years, over 2000 mice have been 
used as infected controls, and none has survived as long as 30 days. 
Consequently, the presence of any survivors in the treated groups 
a t  30 days indicates significant activity. The absence of observable 
abdominal distension from ascitic fluid 30 days after tumor cell inoc- 
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Table I-Effectiveness of Stoichactin as an Antitumor Agent Using Different Methods of Administration 


Num- 
ber of Num- 
Mice Num- t w  of 


Experi- Inoc- berof Survi- 
ment ulated Devel- vors Percent 
Num- Administrative Dose, Number of with oping at 30 Survivors 


Doses EAb Ascites Days at 30 Days Experiment bet Route Treatment rncg." 


Different routes 
of administra- 
tion 


1 EA, 5 X lo6 cells, 
intraperitoneal; 
Fraction 2, intra- 
peritoneak 


10 10 0 Control - - 
Drug 20 20(10 days) 10 0 10d 


0 
100 


Num- 
ber 


Devel- Number 
oping with N o  
Solid Tumor at  


Tumor weight, 
mg., Mean 
Range at 
30 Days 


730 (484-1 569) 
100 (C314) 


Tumor 60 Days ___ 
- - 9 9 0  


80 lO(10days) 7 4 3 
2 EA, 1 0 6  cells, subcu- Control 


taneous; Fraction 2, Drug 
intraperitoneak 


Num- 
ber 


Deyel- Number 
oping of 


As- Survivors 
- _  cites at ,30 Days 


10 10 0 Control - - 
Drug 30 B(10days )  10 3 7d  


Percent 
Survivors 
at 30 Days 


0 
70 


3 EA, 5 X lo6 cells, intra- 
peritoneal; Fraction 6, 
subcutaneous 


Number of 
Survivors at  


6 Months 
0 Duration of 


control 
EA, 5 X lo5 cells, intra- 


peritoneal; Fraction 2, 
intraperitoneak 


4 Control - - 10 10 w 
Drug 20 20 (10 days) 6 2 5 (4)d 4d 


Percent 
Survivors 


at 30 Days 
0 


100 


.. __ - . - . 
Minimum number 


of doses 
required 


EA, lo6 cells, intra- 
peritoneal; Fraction 2, 
intraperitoneak 


EA, 1 0 6  cells, intra- 
peritoneal; Fraction 2, 
intraperit onealc 


EA, 5 X lo6 cells, intra- 
peritoneal; Fraction 6, 
intraperitonealc 


EA, 5 X 106 cells, intra- 
peritoneal; Fraction 6, 
in traperitoneaP 


EA, 5 X los cells, intra- 
peritoneal; Fraction 2 ,  
intraperitoneal, last 
inoculation 36 hr. prior 
to EA inoculation 


EA. 5 X 106 cells, intra- 
peritoneal; Fraction 6, 
intraperitoneal, 4 days 
after EA inoculation 


EA, 5 X lo5 cells, intra- 
peritoneal; Fraction 6 ,  
intraperitoneaP 


10 10 0 Control .- -_ 
Drug 40 4 (2 days) 5 0 5d 


Control - - 
Drug 40 2 0  day) 5 3 4 (2)d 


Control ._ 


Drug 50 1 8 I 8 (7d) 


Control - - 5 . 5 0  
Drug 25 1 8 2 7 (69 


9 9 0 


- 5 5 0  


0 
80 


0 
100 


0 
8 7 . 5  


Pretreatment with 
drug 


_. 10 10 0 Control - 
Drug 40 3(1.5days) 10 5 5d 


0 
50 


Delayed treat- 
ment with drug 


10 


11 


Con t r ol - -_ 8 R 0  
Treatment 20 ZO((10 days) 10 2 8.1 


0 
80 


Activity of purest 
fraction 


10 10 0 Control - - 
Treat men t 2 .5  18(9days) 10 0 1Od 


0 
100 


a Mice used weighed 25-30 g., so I-mcg. dose is  equivalent to 33-40 rncg./kg. * EA = Ehrlich ascites tumor. c Drug administered 20 hr. after Ehrlich 
ascites tumor cells inoculated. d All nonascitic. a Mean survival time of 16 days. 


ulation was the basis for describing survivors as nonascitic (3). A 
more reliable indication of cure is survival 2 months or more after 
inoculation of Ehrlich ascites tumor cells and treatment. 


Stoichactin appears to be systemic in action in that it is effective 
not only in the screening procedure where Ehrlich ascites tumor cells 
and drug are both administered intraperitoneally but at  higher 
dosages when Ehrlich ascites tumor cells are injected subcutane- 
ously and drug intraperitoneally (Experiment 2, Table I) and vice 
versa (Experiment 3, Table I). To determine if any "cures" had been 
effected using the standard test ( 2 ) .  a treated group of mice was held 


for 6 months; 100% of the nonascitic mice survived (Experiment 4, 
Table I). Fewer than the usual 20 doses of drug were found effective; 
in fact, only one dose of the drug given 20 hr. after Ehrlich ascites 
tumor cells were injected controlled tumor growth (Experiments 
5 8 ,  Table I). When the drug was given in three doses, giving the 
last dose 36 hr. prior to Ehrlich ascites tumor cells injection, fair 
control of tumor growth was observed (Experiment 9, Table I). This 
indicates that either the drug is metabolized slowly or an induced 
immunity is produced. Also, if  the treatment is delayed until 4 days 
after Ehrlich ascites tumor cells injection, good control is observed 
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(Experiment 10, Table I). This indicates that even well-established 
tumor proliferation can be controlled by the drug. The purest frac- 
tion obtained (Fraction 6 )  gave 100% inhibition of tumor growth in 
the standard test with only 2.5 mcg./dose (100 mcg./kg.), as shown 
in Experiment 11. Now that the highly purified material is available, 
further studies of modes of administration, effects on other tumor 
systems, and mechanism of action on Ehrlich ascites tumor cell 
cultures i/i citro are in  progress. 


EX PERIMENTALJ 


One kilogram of freshly thawed S .  kenti was diced into approxi- 
mately I-cm. cubes and homogenized in 125-g. batches with 500 ml. 
of 307; ethanol per batch, using a blender' at top speed for 5 min. 
The 5 1. ofsuspension was centrifuged in 250-ml. batches at  30,ooOXg 
lor 20 min. at room temperature. The supernatant liquid was flash 
evaporated at 2 40" to remove the ethanol and reduce the volume 
to 500 ml. of aqueous suspension. An equal volume of chloroform 
was added. and the mixture was shaken thoroughly and then 
centrifuged at 30,ocIoXg for 20 min. The clear supernatant solution 
was pipeted from the chloroform and a thin emulsion layer. 
The aqueous layer was dialyzed against 12.5 1. of distilled water using 
10 2.22-cm. (0.875-111.) (flat) dialysis tubes for 24 hr. at  4". The 
dialysate was discarded, and 12.5 1. of fresh distilled water was added 
for an additional 24 hr. of dialysis at  4". 


The combined retentate solution was lyophilized to give 8.90 g. 
of off-white solid retentate. This solid retentate was subjected to  gel 
permeation chromatography in three separate batches of 3 g. each. 
Fach 3-g. batch was triturated with 50 ml. of water and sonicdted 
until clear (temperature maximum 60"). This solution was thor- 
oughly shaken with 50 ml. of chloroform and centrifuged at  18,OOO 
Xg  for 15 min. The clear slightly amber supernatant solution was 
placed on a 2600-ml. wet volume of Sephadex (3-50 (fine) in an 8 X 
52-cm. column and eluted with water saturated with chloroform at 
a rate of 14 ml./min. (0.28 ml. cm.? min.-l). The void volume, V,, 
was previously determined to be 905 ml. using 50 ml. of 0.1 5% solu- 
tion of >200,000 mol. wt. blue dextran. The column effluent was 
monitored using a recording UV absorption cell at  28@nm. wave- 
length. The first fraction showed a UV absorption maximum of 0.44 
absorbance units at  Vc/Vo (total eluted volume/void volume) = 
1.05 and was cut at Ye = 1540 ml. corresponding to VJV, = 1.70. 
The second cut of 450 ml. showed a UV absorption maximum of 
0.32 absorbance unit at VJV0 = 2.06, and the cut was made at  
V,/V,, = 2.20. The third cut of 590 ml. showed a sharp peak at  V,/ 
V<, = 2.55 and 0.67 absorbance unit, with a shoulder at  VJV, = 2.68 
and 0.42 absorbance unit; the cut was made at  V./V, = 2.85 (Frac- 
tion 3). 


The second and third batches gave similar results, and each com- 
bined fraction was flash evaporated at  9 40" to approximately 100ml. 


1 The dialysis tubing was obtained from the Food Products Division, 
Cnioii Carbide Corp.. Chicago, Ill.; the hollow-fiber dialyzer was ob- 
tained from the Functional Products & Systems Department, Dow 
Chemical Co., hlidland. Mich.; the Sephadex G-50 was obtained from 
Pharmacia Fine Chemicals, Inc., Piscataway. N. I.; and the Amberlite 
M B-1 resin was obtained from Mallinckrodt Chemical Works, St. Louis, 
M 0. 
' Osierizer Cyclo-trol Eight. 


volume and lyophilized. Fraction 1 weighed 4.8 g. (inactive), Frac- 
tion 2 weighed 975 mg. (active), and Fraction 3 weighed 2.28 g. 
(slight activity). After each run, 50 ml. of 5% NaCl was put on the 
column and eluted with water to wash absorbed material from the 
column. This salt wash cut of 280 ml. removed material at VJV,  = 
2.3-2.6, with a UV absorption maximum (280 nm.) at 230  with 0.30 
absorbance. This was immediately followed by the aqueous sodium 
chloride cut from 2.6 to 2.9 with a maximum Cl- titer at  V,/V. = 
2.72. The three salt wash cuts were combined and lyophilized, and 
the dry solid weighed 810 mg. 


Fraction 2 (975 mg.) was dissolved in 100 ml. water and passed 
through 15 ml. of Amberlite MB-1 deionizing resin (20-50 mesh) in 
an 8 x 195-mm. column at 1 ml./min. and washed with 25 ml. HzO. 
The deionized solution was lyophilized, and the colorless solid 
weighed 725 mg. Six hundred milligrams of this was dissolved in 30 
ml. of 0.03 N NaCl and put on the same Sephadex G-50 column as 
already described except that the column was previously equilibrated 
with 0.03 N NaCl by running through the column a 30-ml. sample of 
5 NaCl followed by 0.03 N NaCI. The sample was eluted with 0.03 
N NaCl saturated with chloroform. Cuts were obtained at V./V. = 
1.0-1.58, 1.58-2.02, and 2.02-2.34. The first cut hada  280-nm. UV 
absorption maximum at VJV,  = 1.08, and the second cut was at 
V J V ,  = 1.78 (active cut). Each of the three cuts was evaporated to 
90 ml. and desalted in a 0.1-m. * surface area beaker dialyze? by pass- 
ing distilled water through the fibers at  100 ml./min. for 25 min. 
Each retentate was dialyzed to give 140 mg. of Fraction 5, 185 mg. 
of Fraction 6(active fraction), and 100 mg. of Fraction 7. Recent 
runs showed that the balance of the solids is eluted at  V,/V, = 2.34- 
2.9. When a drop of 0.1% solution of Fraction 6 was placed 
on a slide, rather clean colorless crystals with a proliferated branch- 
ing pattern were observed. 
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tion of the second volume of the “European Pharmacopoeia” is a 
significant step, Particular problems that were dealt with while 
preparing this volume were the methods of biological assays, the 
use of reference substances, and the procedure t o  be followed for 
revising monographs. 
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Brocklin-Strasse 25, CH-400 Basel 11, Switzerland, 1972. xi + 
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to a course in medical therapeutics given to  fourth-year medical 
students a t  Washington University medical school. It has been 
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Plasma Levels of Spirolactones in the Dog 


W. SADEE*A, S .  RIEGELMAN*, and S .  C. JONESt 


Abstract 0 A fluorometric micromethod for the determination of 
spironolactone (I)  and some of its possible metabolites was utilized 
to follow plasma concentrations after intravenous administration 
of I, canrenone (II),  and potassium canrenoate (111). Spironolactone 
(I) was eliminated from plasma of female dogs, with a half-life of 
less than 10 min., and was partially converted to I1 and 111. The 
7-lactone ring of I1 equilibrated with the 7-hydroxycarboxylic acid 
of 111, resulting in similar plasma levels of I1 2 hr. following 
equimolar intravenous doses of I1 and 111. Canrenone (11) rep- 
resented the predominant component in plasma. Plasma concen- 
trations of 11, following an equirnolar intravenous dose of I, were 
significantly smaller (-40%). Thus, I was only partially dethio- 
acetylated to 11. 


Keyphrases 0 Spirolactones-plasma levels after intravenous 
administration, fluorometric analysis, dogs 0 Spironolactone- 
plasma levels after intravenous administration, fluorometric 
analysis, dogs Canrenone and potassium canrenoate-plasma 
levels after intravenous administration, fluorometric analysis, 
dogs Plasma levels-spironolactone, canrenone, and potassium 
canrenoate after intravenous administration, dogs Spectrophoto- 
fluorometry-analysis, spirolactones 


The class of spirolactones, synthesized by Cella and 
Tweit (l), were found to be potential competitive an- 
tagonists of mineralocorticoids (2, 3). One of these, 
spironolactone (I), is used as a potassium-sparing di- 
uretic due to its high peroral activity. In spite of many 
studies on the pharmacological activity and metabolic 
and pharmacokinetic behavior of this compound (4-12), 
the major metabolic fate and the active principle of I 
remain unclear. Canrenone (11) was identified as a 
major metabolite (4, 5), which also possesses pharmaco- 
logical properties similar to those of its parent com- 
pound (1, 6). Since a sensitive fluorometric assay was 
available for 11 but not for I (7), most pharmacokinetic 
studies were based on this method. 


The plasma levels of 11, obtained after high oral 
doses of I (100-1000 mg.), were in the low nanogram 
range in humans (4-12). This may be explained partially 
by a poor absorption of I due to its low solubility in 
water (20 mcg./ml.). Pharmaceutical formulations have 
been devised which apparently lead to a 10-fold enhanced 
GI  absorption, using polysorbate 80 (8, 9, 13) or 
micronized powder (10, 14). The greater absorption 


could be correlated with increased dissolution rates in 
water (13). 


The plasma levels of I in man were estimated to be in 
the range of one-fifth of the levels of I1 (7); however, 
in another study, I could not be detected at  all (15). 
Similarly, contradictory results were reported for the 
appearance of I in urine (15, 16). No conclusive evi- 
dence could be presented as to the pharmacologically 
active principle (17). 


The time course of drug action also has to be con- 
sidered. Compound I shows a slow cumulative action 
on sodium excretion in the urine (12) and a maximum 
effect between 4 and 14 hr. following a single dose. 
Other reports indicated that it may take longer than 
24 hr. for maximum effect. It was reported that I1 
disappears from the plasma with a half-life of 4-5 hr. 
in man (18, 19); another report indicated 8 hr. (20). 
Neither of these values may represent the terminal log- 
linear phase of the biological half-life. Half-life studies 
of I1 have been undertaken with potassium canrenoate 
(111) in man (18-20). Compound 111 was reported to  
convert rapidly to I1 (18-20) and to the ester glucuronide 
of I11 as a major metabolite in man (20). 
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Figure 1-Plasma levels afier an inIravenous dose of 82 mg. I1 
(equivalent to 100 mg. I )  to Dog 16526. Key: 3,  I t ;  0, I l l ;  and 9, 
I1 -+ 111. All plasma values are expressed as micrograms of 11. 


In  the present study, the kinetic relationships be- 
tween I, 11, and I11 are presented. Dogs were used as 
the experimental animals, since this species has been 
shown to be valuable in demonstrating the antimineralo- 
corticoid activity and the absorption rates from various 
dosage forms (4). 


EXPERIMENTAL 


Animal Procedures-- Mongrel female dogs, weighing 18-20 kg. 
each, were prepared by cholecystectomy. ligation of the lesser pan- 
creatic duct, insertion of a Thomas cannula into the duodenum 
opposite the opening of the common bile duct, and insertion of 
another Thomas cannula into the stomach. Experiments were begun 
no sooner than 3 weeks after surgery. Following an 18-hr. fast, the 
dogs were placed in sling harnesses. A polyethylene tube' was in- 
serted 5-6 cm. in to  the common bile duct through the open duodenal 
cannula. Specimens of hepatic bile were collected at  I5-30-min. in- 
tervals by gravity drainage during each experiment. A polyethylene 
tube* was inserted into a leg vein for infusion of 0.9% NaCl plus 
0.5% sodium taurocholate3 to compensate for the loss of bile acids; 
this infusion was given at 66 ml./hr. throughout each experiment, 
using a calibrated peristaltic pump'. All test drugs were given 1 
hr. after taurocholate infusion was started. Compounds I and I1 
were administered into the femoral vein in a polyethylene glycol 
400 solution by a rapid infusion over 3 4  min. Compound 111 was 
injected intravenously in an aqueous solution. 


An intravenous catheter5 was inserted into the contralateral 
femoral vein for collecting blood samples into heparinized syringes. 
The blood was centrifuged, and the plasma was collected and frozen 
for subsequent analysis. 


When urine was collected, the dog was lightly anesthetized with 
thiamylal intravenously and a cathetera was inserted into the blad- 


1 Intramedic, P. E. 190. 
2 Intramedic P. E. 50. 
3 Maybridge Chemical Co. 
4 Harvard Apparatus Co., Milds, Mass. 
3 Intracath R, C. R. Bald, Inc., Murray Hill, N. J.  
6 IOF Foley. 
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Figure 2-Plasma levels after an intravenous dose of 95 mg. 111 
(equioalent to 100 mg. I) to Dog 16526. Key: 3, II; Q, III; and 8, 
I1 + I l l .  All plasma values are expressed as micrograms of II. 


der through the urethra and held in place with the 5-ml. balloon. 
Urine samples and gastric fluid were collected at  1-hr. intervals. 
For complete recovery of urine, the urinary bladder was rinsed each 
time with 40ml.0.9% NaCl solution. 


Analytical Procedures-The fluorescence of I and its metabolites 
in sulfuric acid was used as the analytical method to determine the 
plasma concentrations. The analytical procedures were reported 
previously (21). 


RESULTS AND DISCUSSION 


The results reported here are restricted to  those obtained from 
plasma concentrations. In precursor-successor experiments, equi- 
molar doses of spironolactone (I, 100 mg.), canrenone (11, 82 mg.), 
and potassium canrenoate (111, 95 mg.) were given intravenously to 
female dogs to investigate the relation between the plasma levels of 
these compounds, with emphasis on rapid metabolic steps occurring 
during the first 6 hr. postadministration. Bile, gastric fluid, and 
urine were also collected in some experiments. The data for absorp 
tion and excretion using these sample collections will be presented 
in a subsequent paper (22). 


The plasma levels of I1 and 111 resulting from an intravenous dose 
of 82 mg. I1 are shown in Fig. 1 .  The rapid initial dilution of I1 was 
not apparent due to  the infusion time of 3-4 min. The elimination 
of I1 from the plasma represented a biexponential decay curve over 
6 hr. Maximum plasma levels of the hydrolytic product Il l  peaked 
after 10 min.. and it was then eliminated from plasma by rate pro- 
cesses that differ in magnitude significantly from I1 (Fig. 1). 


An equimolar dose of 111 was given intravenously to  the same 
dog at  a different time (Fig. 2). The elimination of 111 from plasma 
seemed to follow a triexponential decay curve, with a much smaller 
initial volume of distribution when compared to  11. Canrenone (11) 
was rapidly formed, with maximum plasma levels 30 min. after the 
administration of 111. The plasma concentrations of I1 were similar 
after 2 hr. following equirnolar intravenous doses of I1 and 111. 
It is apparent that a rapid equilibrium between I1 and Il l  occurs, 
suggesting an enzymatic mechanism, since 11 and I11 are relatively 
stable in plasma for several days. Considerable differences in termi- 
nal half-lives were found in various dogs, as demonstrated in Fig. 3 
(Dog 96584). The half-lives of 11 were estimated to  range from 3.5 
hr. (Dog06580) t o  about 8 hr. (Dog 16526) iri the first 6 hr. 


Figures 4 and 5 demonstrate plasma concentration curves after 
rapid intravenous infusion (3 4 min.) of 100 mg. I in polyethylene 
glycol 400. Both I1 and 111 rapidly appeared in the plasma as meta- 
bolic products. After l hr., II and 111 were thc only fluorescent species 


1130 Journal of Pharmaceutical Sciences 







- 
E 


E 


1.0 F 


a 
5 
4 a 


0.1 


1.0 


a 


5 0.1 
5 
a 


1 2 3 4 5 6 
H O U R S  


Figure 5-Plasma levels afier an itifravenous dose of 100 mg. I to 
Dog 15871. Key: Q, I I ;  0, I l l ;  8, I1 + I I I ;  6, iotalfluoresceiii con- 
cenfraiion, and +, (e - @) - I .  All conceniraiions are expressed in 


1 2 3 4 5 micrograms of 11. 
H O U R S  


Figure 3-Plasma levels after an iniravenous dose of 95 mg. 111 10 
Dog 06584. Key: 3, II:  C,  I l l ;  and 8, I1 + I l l .  All plasma values are 
expressed as micrograms of I I .  


than the level obtained by direct injection of 11. Therefore, an 
alternate pathway of elimination of I other than conversion to I1 
appears t o  be uresent. 


detectable within the sensitivity of the assay. Figures 4 and 5 in- 
clude the data for the “total fluorescence” (see Reference 21) and 
the sum of I 1  and 111. Beyond the 1st hr., both curves proved to  be 
identical. I t  can be assumed that the differences between the two 
assays in the 1st hr. after administration of I can be accounted for in 
part as unchanged I .  A plot of these differences (Figs. 4 and 5) re- 
sults in an estimation of the half-life of I to be less than 10 min. 
Therefore, it is not likely that I contributes significantly to  the 
pharmacological activity, since the latter does not peak before 10 
hr. postadministration. Doses of 50, 100, and 200 mg. of I resulted 
in eauivalent concentration ratios of I1 in plasma. 


. -  
The pharmacokinetic pattern of 1-111 was different in the dog 


when compared to man. No polar metabolites, such as the ester 
glucuronide of 111, could be detected in plasma, which was found 
to  be a major metabolite in human plasma (20). 


It is evident that 1 represents a metabolically labile compound. It 
is, therefore, doubted that I itself may have access to  the active 
site to a considerable degree. In dogs, metabolites other than I1 
may contribute to the pharmacological activity induced by the 
administration of I .  


For the estimation of unknown metabolites, tritium-labeled I 
and 111 were used; this study will be reported (22). 


The data suggest that I is converted rapidly to 11. However, this 
may not be the exclusive metabolic pathway. Figure 6 is a plot 
of the concentration of 11 which results after injection of molar 
equivalents of 1 and I1 into the same dog at different times. The con- 
centration of I1 resulting from injection of I is much less (-40%) 


REFERENCES 


(1) J. A. Cella and R. C .  Tweit, J. Org. Chem., 24, 1109(1959). 
(2) C. M. Kagawa, Endocrinology, 67, 125(1960). 


1 2 3 4 5 
H O U R S  


a 
I 
v) 


a 4 


0.1 J 
1 2 3 4 5 


H O U R S  


Figure 6-Plasma levels of I1 after independeiti iriiracmous doses 0- 
100 mg. I and 82 mg. I1 (equicaleiti lo 100 mg. I )  fo Dog 1311.5. Key: 
Q, I1 alter administration of I I ;  and 0, I I  after udmiriistratiort of I .  


Figure 4--plasma levels after an iniravenous dose of 100 mg. I to 
Dog 12219. Key: a, I I ;  0,  I I I :  c. I I  + I l l ;  6, ioialfluoresceni con- 
certtraiioti; and +, (5 - 8) - I .  All coiicentraiiotis are expressed in 
micrograms of 11. 


Vol. 61, No. 7, July I972 0 1131 







(3) C. W. Liddlc, Metabolism, 10, 1021(1961). 
(4) C. M. Kagawa, D. J. Bouska, and M. L. Anderson,J. Pharm. 


( 5 )  C. M. Kagawa, D. J. Bouska. and M. L. Anderson, Acta 


(6) C. M. Kagawa, D. J. Bouska, M. L. Anderson, and W. F. 


(7) N. Gochmann and C. L. Gantt, J.  Pharmacol. Exp. Ther., 


( 8 )  S. Ohanessian and W. W. Faloon, Clin. RPS., 9, 154(1961). 
(9) C. L. Gantt, N. Gochmann, and J.  M. Dyniewicz, Lancer, 


1, 486(1961). 
(10) G. Bauer, P. Rieckmann, and W. Schaumann, Arzneim.- 


Forsch.. 12, 487(1962). 
(11) S. Shaldon, J. A. Ryder, and M. Garsenstein, Guf, 4, 16 


(1963). 
(12) G. R .  Venning, in “Absorption and Distribution of Drugs,” 


T. B. Binns. Ed.. Livingstone Ltd., Edinburgh, Scotland, and 
London, England, 1964, pp. 150-156. 


(1 3) G. Levy, Lmcet, 2, 723( 1962). 
(14) C. L. Gantt, N. Gochmann, and J. M. Dyniewicz, ibid., 2, 


(15)  E. Gerhards and R .  Engelhardt, Arzneim.-Forsch., 13, 972 


(16) L. Zicha, F. Weist, F. Scheiffarth, and E. Schmidt, ibid., 14, 


Sci., 53, 450( 1964). 


Endocrinol., 45, 79( 1964). 


Krol, Arch. 1)rt. Pharmacodyn. Ther., 149, 8( 1964). 


135, 312( 1962). 


1 130( 1962). 


(1963). 


699( 1964). 


(17) C. M. Kagawa, D. J. Bouska, and M. L. Anderson, SOC. 


(18) H. Wagner, F. Weist, and L. Zicha, Arzneim.-Forsch., 17, 


(19) R. T. Manning, Clin. Res., 11, 304(1963). 
(20) A. Karim, R. E. Ranney, and H. 1. Maibach, J .  Pharm. Sci., 


(21) W. Sadee, M. Dagcioglu, and S. Riegelman. ibid., 61, 1126 


(22) W. Sadee, S. Riegelman, and S. C. Jones, ibid., 61, 1132 


Exp. B i d .  Med., 115,837(1964). 


415(1967). 


60, 708( 1971). 


(1972). 


(1972). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received December 15, 1971, from the *School of Pharmacy, 
University of Culifornia Medical Center, Sun Francisco, CA 94122, 
and the t Veterans Administration Hospital, Sun Francisco, Calif. 


Accepted for publication March 30, 1972. 
Supported in part by a NATO Fellowship to  W. Sadbe, by a re- 


search grant from G. D. Searlc and Co., and by Grant GMS-16496 
from the National Institutes of Health, U. S. Public Health Service, 
Bethesda, MD 20014 
A To whom inquiries should be directed. Present address: School 


of Pharmacy, University of Southern California. Los Angela, 
CA 90007 


Disposition of Tritium-Labeled Spirolactones in the Dog 


W. SADEE*A, S. RIEGELMAN*, and S. C. JONESt 


Abstract 0 The disposition and metabolism of spironolactone (I), 
canrenone (II) ,  and potassium canrenoate (111) in dogs were followed 
by fluorescence methods and by tritium label of I and 111. Spirono- 
lactone was rapidly converted to nonfluorogenic, possibly reduced, 
metabolites, which were concentrated in the bile fluid (35% of the 
dose within 6 hr.). The 4,6-dienone, 111, followed a similar metabolic 
pathway lo nonfluorogenic metabolites; however, it was eliminated 
at a slower rate than 1. Urinary excretion was rather low (about 2 z  
of the dose in 6 hr.), and gastric cycling was virtually absent. A pre- 
liminary pharmacokinetic model in the dog is suggested. Equimolar 
amounts of 1 and I 1  were given perorally and intravenously for 
absorption studies. The bioavailability to the central compartment 
was about 4Oz following oral doses, whereas the absorption 
amounted to about 80% when judged by the biliary excretion after 
oral and intravenous doses. The difference is explained by the 
effective hepatic clearance following oral administration. 


Keyphrases 0 Spirolactones, fluorescent and tritium labeled- 
disposition, metabolism, dogs 0 Spironolactone, fluorescent and 
tritium labeled-disposition, metabolism, dogs 0 Canrenone and 
potassium canrenoate. fluorescent and tritium labeled--disposi- 
tion, metabolism, dogs 0 Absorption, spirolactones-disposition, 
metabolism, dogs c] Biliary excretion-spirolactones, dogs 
Radiolabeled spirolactones-disposition, metabolism, dogs 0 
Spectrophotofluorometry-analysis, spirolactones 


The structure-activity relationships among the di- 
uretic steroidal 17-spirolactones have been studied. The 
compound most potent when given orally was found 
to be spironolactone (1) (1-5), which is metabolized to  
canrenone (11) by dethioacetylation. Canrenone (11) 
was shown to be in  rapid equilibrium with its open- 


chain analog, 111, in dogs (6) .  In Ditro studies with the 
small gut mucosa of rats revealed a n  effective hydrolytic 
cleavage of the y-lactone ring of I 1  at this site (7). 


Earlier workers (4) suggested that either I or a metab- 
olite of I other than 11 may also contribute to the 
pharmacological effect. However. no significant dif- 
ference in activity between I and the potassium salt 
of canrcnoic acid, 111, was found following oral and 
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Scheme V 


group. excitation of the singly protonated species would result in 
transfer of the proton, across the intramolecular hydrogen bridge, 
from the diethylamino group to  the ring nitrogen. Presumably, in 
the thermally equilibrated excited state, the proton would be co- 
valently bonded to the ring nitrogen and electrostatically hydrogen 
bonded to  the diethylamino group (Scheme V). 


Thus the excited singly protonated species would have an elec- 
tronic distribution similar to that of the doubly protonated species 
in the aromatic ring, and this would account for the similarity of 
emission frequency between the singly and doubly protonated 
species. That the emission frequency of the singly protonated 
species is slightly higher than that of the doubly protonated species 
in n-heptane can be explained by the intramolecular hydrogen bond 
with the diethylamino group which partially withdraws the proton 
from the ring nitrogen atoms, thus diminishing its polarizing effect 
on the *-electron distribution of the aromatic system. The in- 
tramolecular hydrogen bond with the diethylamino group in the 
excited state also serves to shield the proton of the excited singly 
protonated species from the solvent. This accounts for the observa- 
tion of fluorescence from the singly protonated species of pamaquine 
but not from the doubly protonated pamaquine or singly protonated 
8-amino-6-methoxyquinoline, both of which have similar electronic 
structures to  that of the singly protonated pamaquine. 


The fluorometric titration of pamaquine near pH 14 can be at- 
tributed to protolytic dissociation. in the excited state, from the 
heterocyclic nitrogen atom of singly protonated pamaquine. The 
pKa* corresponding to this dissociation is 14.0. This dissociation 
occurs at  such high pH because of the increase in basicity of the 
ring nitrogen upon excitation and supports the hypothesis of proto- 
nation of the ring nitrogen in the excited state of singly protonated 


Kinetics of Solvolysis of Intrazole 


V .  K.  PRASAD, R. A. RICCI, and A. P. GRANATEK' 


pamaquine. That the fluorescence of the free base pamaquine occurs 
at substantially lower frequencies than in ri-heptane is probably the 
result of electrostatic stabilization of the excited state of the free 
base by dipole-dipole interactions with the highly polar aqueous 
solvent. That pamaquine fluoresces as the free base in aqueous solu- 
tions while 8-amino-6-methoxyquinoline does not appears to be 
the result of protection of the ring nitrogen atom of pamaquine from 
hydrogen-bonding interactions with the solvent. Although dis- 
sociation removes the hydrogen bond between the alkyl side chain 
and the ring nitrogen atom, the time required for the chain to be- 
come disoriented from the ring nitrogen atom may be slow com- 
pared with the lifetime of the excited state of pamaquine, so the 
chain may provide a steric blockage to approach of solvent mole- 
cules which would quench the fluorescence of the excited free base. 
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Abstract The kinetics of degradation of intrazole [I-(p-  
chlorobenzoyl)-3-( 1 H-tetrazol-5-ylmethyl)indole] in solution was 
investigated at 65 f. 0.1" at constant ionic strength of 0.5 over a 
wide pH range. The observed rates, followed by measuring intact 
intrazole, obeyed first-order kinetics. The catalytic effect of a 
phosphate buffer was found to be greater than the acetic acid 
catalysis. The apparent rate of hydrolysis of intrazole increased 
with the increasing concentration of hydrochloric acid. Primary 
salt effects were observed in both acidic and basic solutions. The 
rate of hydrolysis decreased in acidic and alkaline solutions, with 
increasing concentrations of ethanol in the solvent system. The 
apparent heats of activation for intrazole degradation in solution 


The anti-inflammatory, antipyretic, and analgesic 
properties of intrazole (I), the most effective member of 
a series of 1-substituted 3-(5-tetrazolylmethyI)indoles, 


were determined to be 19.87 kcal./mole in 0.1 N HCI, 21.40 kcal./ 
mole in p H  4.10 acetate buffer, 20.30 kcal./mole in pH 8.0 phosphate 
buffer, and 7.25 kcal./mole in pH 9.10 and 10.10 borate buffers. 
From the rate-pH profile, the pH of minimum degradation or 
maximum stability of the compound under buffer-free conditions 
was found to be 3.20. The products of hydrolysis formed in acid- 
and alkali-catalyzed degradation of intrazole were identified by 
TLC. A mechanism consistent with the above observations is pro- 
posed. 


Keyphrases 0 Intrazole-solvolysis, pH-rate profile pH-sol- 
volysis rate profile-intrazole 


were described by Fleming et nl. (1). It was shown to be 
equally active in intact and adrenalectomized rats as an 
anti-inflammatory agent (carrageenin foot edema assay). 
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It also potentiated the antiphlogistic activity of hydro- 
cortisone in the granuloma pouch and effectively pre- 
vented or alleviated adjunct-induced polyarthritis. The 
major advantage of this compound appears to be its low 
level of toxicity. It exhibited a larger effective dose- 
toxic dose ratio than other available anti-inflammatory 
agents in both single- and multiple-dose studies. The 
synthesis of intrazole and related compounds was re- 
ported by Juby and Hudyma (2). 


This paper describes the solvolysis of intrazole in 
various buffers and presents the rate-pH profile, Ar- 
rhenius parameters, and other related information 
valuable in the formulation of dosage forms of this 
compound. Intrazole solvolysis is interesting in that the 
amide linkage is part of the heterocyclic system and the 
mechanism of degradation could be different in com- 
parison to the classical amides. 


Normal amides are characterized by relatively low 
reactivity in nucleophilic reactions (e.g. ,  hydrolysis or 
alcoholysis). However, Staab (3, 4) used the term re- 
active heterocyclic amides or "azolides" to describe 
amides whose amide nitrogen is a member of a quasi- 
aromatic five-membered ring containing at  least two 
nitrogen atoms, i.e., azoles. During his investigations, 
he found that the high degree of reactivity of azolides 
and the order of reactivity in this group are related to 
the quasiaromatic character of azoles. However, in the 
indole series, Staab (4) found that the order of reactivity, 
i.e., rate of hydrolysis, in conductivity water at  25" at 
pH 7.0 increased with the number of nitrogen atoms in 
the ring (11, 111, and IV). The complete inertness of I1 
could be due to the inactivity of the ring nitrogen and 
the electron-donating nature of the methyl group. 
Therefore, it seemed logical to investigate the hydrolysis 
of intrazole, where the methyl group has been replaced 
with the more reactive electron-attracting p-chloro- 
benzoyl group. 


EXPERIMENTAL' 


Materials-Intrazole was recrystallized from chloroform (m.p. 
233-234'). Distilled water, boiled and purged with nitrogen while 
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1 A Cary model 15  recording spectrophotometer, Beckman model 
DU spectrophotometer, Beckman expanded scale pH meter, and Sar- 
gent-Welch model DG dual recording titrator were used. 
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cooling, was used to prepare the buffers. The buffers used were: 
pH <3.0, HCI-KCI; pH 3.C5.60, sodium acetate-acetic acid; pH 
5.6C8.0, Na2HP04-NaH2P04; and pH > 8.0, borate. These 
buffers were prepared according to  the procedure described by 
Dawson and Elliott ( 5 ) .  


Determination of pKa of Intrazole-A stock solution of intrazole 
in anhydrous ethanol (2 mg./ml.) was prepared. Exactly 5 ml. of 
this stock solution was transferred to a 50-ml. beaker, and the re- 
quired volume of nitrogen-purged distilled water and the calculated 
volume of anhydrous ethanol were added so that the concentration 
of ethanol in the final solution varied from 50 to 80% (by 
volume). Nitrogen, which had been passed through distilled water 
at room temperature, was bubbled through this solution while 
titration with 0.01 N alcoholic potassium hydroxide was carried 
out using the dual recording titrator. From the titration curve, the 
pKa was determined in the usual manner. 


Kinetic Measurement-In a typical kinetic run, 1 ml. of a 0.01 M 
(0.3375 g./100 ml.) stock solution of intrazole in 95% ethanol was 
added to 7.0 ml. of ethanol and diluted to 100 ml. with thermally 
equilibrated buffer. Approximately 4.0 ml. of the sample was 
withdrawn at intervals and cooled to room temperature; readings 
were taken on either of the two spectrophotometers used2. The 
pH of the buffers, before and after the kinetic run, were determined 
at the temperature of the study. 


TLC-Acid-Catalyzed Degrudutiori Products of ltztruzole-A 
0.01 M solution of intrazole was made in a sufficient volume of 
ethanol and 0.1 N hydrochloric acid and heated at 65". At regular 
intervals, a small sample was diluted to lo-' M ,  and the absorbance 
at 306 nm. was determined. When the absorbance of the diluted 
solution reached an asymptote value (0.050 absorbance unit), 
heating was stopped and the solution was cooled and extracted 
several times with chloroform. The chloroform extracts were dried 
over anhydrous sodium sulfate and evaporated in c'ucuo. The residue 
was redissolved in ethanol so that the final concentration of the 
solution was 0.01 M.  Five microliters of this solution was spotted 
on silica gel Fzs4 plates3. Reference compounds of intrazole, p- 
chlorobenzoic acid, and 3-(5-tetrazolylmethyl)indole with the same 
concentration as the degraded material were also spotted. The plate 
was developed in a solvent system consisting of benzene-methanol- 
glacial acetic acid (70: 10: 1). The Rj values were: p-chlorobenzoic 
acid, 0.56; intrazole. 0.43; and 3-(5-tetrazolylmethyl)indole, 0.28. 
The products of acid hydrolysis of intrazole were found to  be 
p-chlorobenzoic acid, 3-(5-tetrazolylmethyl)indole, and another 
minor product with the same Ry as intrazole. 


Since it was evident from the spectral absorbance of the solution 
that the latter material was not intrazole, and since p-chlorobenzoic 
acid was one of the degradation products, it could be a derivative 
of 3-(5-tetrazolylmethyl)indole. To verify this, an alcoholic solu- 
tion of 3-(5-tetrazolylmethyI)indole (0.01 M in 0.1 N HCI) was 
heated at 65" for the same period as intrazole was heated. The soh- 
tion was diluted with distilled water and extracted several times 
with chloroform. The chloroform extracts were combined and 
washed twice with cold distilled water, dried over anhydrous sodium 
sulfate, and filtered, and the chloroform was removed under 
vacuum. The residue was dissolved in ethanol to produce a 0.01 
M solution and then chromatographed as described earlier along 
with reference compounds and acid-catalyzed hydrolytic products 
of intrazole, using the same developing system. The unidentified 
product resulting from the acid-catalyzed hydrolysis of intrazole 
had the same Rj value (0.43) as the acid-catalyzed degradation 
product of 3-(5-tetrazolylmethyl)indole. That the unidentified 
product was actually the result of further degradation of 345-  
tetrazolylmethyl)indole, which was a product of the acid hydrolysis 
of intrazole, was substantiated by this experiment. No significant 
amount of the unknown product could be detected on the TLC plate 
when the yield of p-chlorobenzoic acid approached the theoretical 
quantity. Due to the lack of availability of this unknown derivative 
of 3-(5-tetrazolylmethyl)indole, it was not further characterized. 


To quantify the yield of p-chlorobenzoic acid from the acid- 
catalyzed hydrolysis of intrazole, 10 pl. of the ethanolic extract of 


When readings were taken on the Beckman model DU, the decrease 
in the 306-nm. chromophore due to the degradation of intrazole was 
followed. 


3 E. Merck. Darmstadt, W. Germany. 
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Figure 1-pK'a of intrazole versus 100/(dielectric constant) of fhe 
solcent medium a t  25 + 0.1". The pKa of intrazole in pure water is 
4.40, corresponding to a IOO/dielectric constant value o.f 1.27. 


the acid-catalyzed hydrolytic solution of intrazole was chromato- 
graphed along with a similar quantity of p-chlorobenzoic acid in 
ethanol. The spots were eluted and diluted to 10 ml. with ethanol. 
One milliliter of this solution was diluted with distilled water, and 
the absorbance was determined at  240 nm. The amount of p -  
chlorobenzoic acid was calculated from a calibration curve. It 
was found that the amount of p-chlorobenzoic acid resulting from 
the degradation of intrazole in hydrochloric acid was 92-95% of the 
theory. The tecovery of p-chlorobenzoic acid of known concentra- 
tion was 92-960,. 


Products of' Hydro1,vsis of lnrrazolr in Alkaline Solutioii-In- 
trazole, 0.01 M solution in 0.10 N sodium hydroxide, was heated at 
40" for 2 hr. An aliquot was taken at  intervals and appropriately 
diluted, and the absorbance a t  306 nm. was determined. When the 
absorbance approached an asymptotic value, the solution was 
cooled and its pH was adjusted to  2.0 with concentrated hydro- 
chloric acid. The solution was extracted several times with chloro- 
form, and the procedure was repeated as described under the TLC 
separation of acid-catalyzed hydrolysis products of intrazole. Only 
two products accounting for 95"/1 of the theory were observed. 
One product was 3-(5-tetrazolylmethyI)indole and the other p -  
chlorobenzoic acid. The identity of these products was determined 
using the same procedure followed for identification of the 
products of acid hydrolysis. 


RESULTS AND DISCUSSION 


pKa of Intrazole-Since intrazole has very low aqueous solu- 
bility. it could not be titrated in aqueous solution. The spectro- 
photometric method of determining the pKa was attempted. How- 
ever, it was found that the absorption maxima of the neutral and 
dissociated forms of intrazole were nearly identical. Therefore, the 
method of choice was to determine the pKa in hydroalcoholic 
mixtures and extrapolate a plot of pKa uersus percent alcohol to zero 
alcohol concentration. Since the dielectric constant of the medium 
is a function of alcohol concentration of the titrating solution, the 
observed pKa at  various alcohol concentrations was plotted against 
100/E, where E is the dielectric of the medium according to Davies 
(6) (Fig. 1). The pKa value in pure water, the dielectric constant 
being 78.5 at room temperature (7), was obtained by extrapolation. 
An average value for pKa from such determinations for intrazole 
was 4.40. Tetrazole is a weak acid similar in strength to acetic acid 
(pKa 4.76), and the acidity of the 5-monosubstituted tetrazoles 
is dependent on the substituent in  the 5-position (V) and is increased 
by electron-withdrawing groups and decreased by electron-re- 
leasing groups (8). 


Order of Reaction and Observed Rate Constants-Characteristic 
spectral changes occurring during the degradation of intrazole in the 
pKa region are shown in Fig. 2. Similar data (well beyond the pKa 
region) pointed to the fact that no other characteristic chromo- 
phores developed during the intrazole degradation. The character- 
istic absorbance peak at 306 nm. reached asymptote value. The 
residual absorbance at  306 nm. did not vary significantly with re- 
spect t o  the pH, thereby indicating that the various products of 
degradation did not interfere at  this wavelength. 


The apparent first-order rate constants for the degradation of 
intrazole in various buffers were calculated from slopes of the plots 
of the logarithms of the difference in the absorbance A !  at any time 


t and the final absorbance A, a t  306 nm. against time t in accord- 
ance with the equation: 


where (Ao - Am) is the absorbance a t  zero time. Typical first-order 
plots for the degradation of intrazole in various buffers a t  65.0 =t 
0.1 are shown in Fig. 3. The observed first-order rate constants 
and the experimental conditions for the scilvolytic degradation of 
intrazole are given in Tables I and I1 for the various buffers studied. 


General-Acid and General-Base Catalysis-Acerute Euffers- 
It was observed that during the hydrolysis of intrazole, the first- 
order rate constants increased with increasing concentrations of 
buffer components. If ~ A C ~  is designated as the rate constant for 
acetate and k1 is the rate constant for all other factors, then be- 
tween pH 3.6 and 5.60: 


koba = k' + ~ACT[AC]T (Eq. 2) 


where [ACIT is the total concentration of the buffer. Thus, a plot 
of kob, versus [ACIT produced a straight line with slope k . ~ ,  and 
intercept kl. Since the species present in acetate buffers in the pH 
3.60-5.60 range are HAC and AC-, one may write: 
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Figure 2-UV curues for the hydrolysis o/' intrazole (10-4 M) in 
p H  4.10 acetate buffer (g = 0.5) a t  85.0 3~ 0.1 a1  zwriorrs times. 
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Table I-Observed First-Order Rate Constants Resulting from the Degradation of Intrazole (10-4 M )  in Acetic Acid-Sodium 
Acetate Buffers at  65.0 f 0.1" and Ionic Strength 0.5 (KCI) 


r- Observed Rate Constant X lo3 hr.-l at  Total Buffer Concentration, moles/l.-- -- 
PH 0.05 0.075 0 .10  0 . 1 5  0 .20  Slope k oo 


3.60 
4 .00  
4 .40  
4 .80  
5.20 
5 .60  


2.49 
3.75 
4.44 


2.59  
3.95 
4.79 


2.75 
4.12 
5 .09  


2 .95  
4.57 
5.52 


3.22 0.0048 2.30 
4 .90  0.0078 3.40 
5.85 0.0092 4 .00  


5.50 5 .93  6 .15  6 .82  7.45 0.0128 4 .80  
6.10 6 . 5 3  6 .85  7 .60  8 .38  0.0150 5.40 
9.70 10.0 10.80 11.50 13.10 0.0223 9.00 


0 ka is the extrapolated rate constant and represents the rate under buffer-free conditions. 


Table II-Observed First-Order Rate Constants Resulting from the Degradation of Intrazole 
0.1' and Ionic Strength 0.5 (KCI) 


M )  in Phosphate Buffers at  65.0 f 


-_-_ - Observed Rate Constant X l o 2  hr.-l at  Total Buffer Concentration, moles/l. -- 
PH 0.05 0.075 0.10 0 . 1 5  0 .20  Slope k o" 


6.00 
6 .45  
6 .95  
7 .20  
7 .60  
7.90 


~ ~ 


I .32 1 .45  1.56 1.74 1 97 0.042 1 15 
2.15 - 2.47 2 .90  3.10 0.063 1 .84  
6 34 6 65 7 05 7 40 8 .10  0 13 5 70 


10.50 11.10 11.60 12 70 1 3  00 0 16 9 9 0  
26.90 
54.50 


27.20 
57.00 


27.90 
57 50 


28.90 
60.15 


.. . ._ 


30.10 
62.50 


0 .20  
0 .22  


. .. . 


25 .9  
53 .3  


ko is the extrapolated first-order rate constant and represents the rate under buffer-free conditions, 


where k ,  and k.! are now the rate constants due to acetic acid and 
acetate-ion catalysis, respectively. Dividing through by ACT re- 
sults in Eq. 4: 


kAcr = kZfI3AC + k 3 f A C  0%. 4) 


where / ; ~ A c  and .(AC- are the Fractions of acetic acid and acetate 
ion, respectively, at the pariicular pH. Since.fLc + .fk = 1, a 
plot of kACr cersiis f :k-  should be linear with intercept L when 
/4c- equals zero and with intercept k ,  when ~ A C  equals unity. 
Such a plot is shown in Fig. 4;  from this, kr, the rate constant due 
to acetic acid catalysis, and k , ,  the rate constant due to acetate- 
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Figure 3 -Typical /irsr-order plots .for the hydrolysis of irrtruiolr 
( /W1 M )  iri rurioiis hirjicrs ( p  = 0.5) ut 65.0 t 0.1'. Key: A. p H  
3 .2 ;  B . p H 4 . 0 .  C ,pH5.Z;crrrdD,pH6.0 .  
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ion catalysis, were found to be 5.25 X and 1.94 X lo-, 1. 
mole-' hr.-l, respectively. Thus, acetate anion seems to catalyze the 
hydrolysis of intrezole about 3.7 times more than its conjugate 
acid. Rate constants of the acetate buffers are given in Table I.  


Pliosphatr Birfler Catalysis-The observed rate constants at  pH 
6 8 were also shown to be affected by the buffer components. 
This is clear from the data in Table 11. The observed rate constants 
also were plotted as a function of total phosphate concentration 
according to Eq. 5: 


kob.  = ko + k,i,,,hnt,[phosphate] (Eq. 5) 


From the slopes of the lines, k],hoaph,,k is determined. Because of 
the species present in the phosphate buffers in the pH region studied 
(6.00--8.00), the contribution from HzPO,- and H P 0 4 - 2  only is 
important; then: 


kptmptlate  = ~H,PO,-[HIPOI-] 4- k n ~ o , ~ * [ H P 0 ~ - ? 1  (Eq. 6) 


(Eq. 7) 


In Eq. 7, /;i?r.o,- and /wo,-* represent the fractions of monoanion 
and dianion of phosphoric acid at that particular pH, respectively. 
Since fl1?ta~,,. + . f&lJo , -z  = 1 ,  a plot of kphoaphnre cersus f i i 1 ~ ~ ~ 2  


should be linear with the intercept kiiyo,-' when fh,,-2 equals 
unity. Such a plot is shown in Fig. 5 ;  from this, AW,I , -~.  the rate 
constant due to HPO,-* ion catalysis, is found to be 2.25 X 1 0 - I  


= ~ H , I ~ O , % I ~ P O , -  + k m o ;  '%HPO,-~ 


2 t  
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0 1  
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Figure 4-Plol of rate cmisturit for uceruie ccrrulysis versus ,frcicriori 
of ucetute iori wlricli cir/ermirierl ki,Ac mid k.4c liw /lie drgrudatioli of 
irirruzoleat65.0 ZL 0.1". 
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Figure S-Plot o,f rate coiistar7t for phosplzate-iori cnfulysis versus 
fruction of HP04-2 which determined kH1po(- and kHm-3 for the 
hydrolysis ofiiitrazole at 65 '. 


I .  mole-' hr.-I, and H2POa- ion does not catalyze the hydrolysis. 
Borate ion has a negligible catalytic effect on the hydrolysis of 
intrazole. 


Ionic Strength Effects-The rates of degradation of intrazole in 
0.1 N hydrochloric acid at  65 =t 0.1" were determined at  varying 
salt concentrations. The observed first-order rate constants, kDbsr 


were plotted as a function of the square root of ionic strength ac- 
cording to the equation: 


log kobs = log k + Z A Z B A ~ T  (Eq. 8) 


where p is the ionic strength, ZA and ZB are the charges on the re- 
acting species, log k is the rate constant in an infinitely dilute solu- 
tion where p = 0. and A is a function of the properties of the solu- 
tion (9). The degradation rate of intrazole was determined in 0.001 
N sodium hydroxide at  30.0 i 0.1 ' and in pH 9.2 borate buffer at  
33 i 0.1 " as a function of ionic strength which was adjusted with 
potassium chloride. Data were plotted according to Eq. 8 (Fig. 6). 
The positive slope in strongly acidic solutions indicates that the 
degradation of intrazole involves the attack of a positively charged 
hydronium ion on a neutral intrazole molecule (10). It is obvious 
that the ionic strength effect on the rate of hydrolysis of intrazole 
is not too large, as evidenced by the slope of the line in Fig. 6 .  
However, the slight positive salt effect can be explained according 
to the modified equation of Debye--Huckel (10) which, in theory, 
predicts a linear dependence of log k on the ionic strength when a 
neutral molecule and an ion are involved in the transition state. 
In alkaline solutions the rate of hydrolysis of intrazole increased 
as the salt concentration was increased, thus indicating that two 
negatively charged ions were involved in the transition state. 


Dielectric Constants Effects on Solvolysis of Intrazole-To study 
the effect of the dielectric constant of the medium on the hydrolysis 
of intrazole, the kinetics of degradation were studied in 0.1 N hydro- 
chloric acid (at 65 f 0.1") and in 0.003 N sodium hydroxide (at 
26 f 0.1") containing varying amounts of ethanol. The observed 
first-order rate constants were plotted as a function of l / D ,  where 
D is the dielectric constant of the solvent medium according to 
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Figure 6-Effect of ionic streiigth of the soloent medium oti itrtruiole 
degrudcrtioti iii solutioii. Key: A ,  0.1 N HCI (65.0 0.1"); B ,  pH 
9.20 borate birffer (37.4 f 0.1"); atid C ,  0.001 N NuOH (30.0 i 
O . I < ) .  


Table 111-Effect of Temperature on Rate Constants for the 
Degradation of Intrazole a t  Constant pH and Ionic 
Strength (0.5) 


-Rate Constant X lo2 hr.-I-- 
65.031 75.0I-t 85.01-t 


0 .1"  0.1" 0.1" pH (Buffer) 


0 .1  N(HCI) 2.88 9.75 17.7 
4.10 (Acetate) 0.352 0.725 1.97 


-Rate Constant X 10 lir.-l---. 
2 6 . 0 k  3 3 . 0 1  45.0I-t 
0 .1"  0 .1"  0 .1"  


8 . 0  (Phosphate) 0.047 0.092 0.290 
9.10 (Borate) 1.13 3.60 8.85 


10.10 (Borate) 9 .85 18.12 7.45 


Eq. 9 as described by Scatchard (1  1): 


where ko is the rate constant in a medium of infinite dielectric con- 
stant, and D is the dielectric constant of the solvent medium. Such a 
plot is shown in Fig. 7. The results show that as the dielectric of the 
medium is decreasing, the rate of hydrolysis of intrazole is also 
decreasing in acidic as well as in alkaline solutions. Thus, in acidic 
solutions the degradation of intrazole involves the attack of a posi- 
tively charged hydronium ion on the uncharged intrazole molecule 
(10). In alkaline solutions the mechanism of degradation involves 
the attack of negatively charged hydroxide ion on the negatively 
charged intrazole anion. This will be discussed in detail in a later 
section on the mechanism of degradation. 


Temperature Effects and Activation Energy-The temperature 
dependence of the hydrolysis of intrazole was determined by mea- 
suring the pseudo-first-order rate constant at various temperatures 
and hydrogen-ion concentrations a t  constant ionic strength ( p  = 


0.5). A list of the observed first-order rate constants under various 
conditions is given in Table 111, and the corresponding Arrhenius- 
type plots are shown in Fig. 8. The heats of activation calculated 
from the slopes of the Arrhenius-type plots are: 19.8 kcal./rnole in 
0.1 N HCI, 21.4 kcal./mole at  pH 4.10, and 20.3 kcal./niole at  pH 
8.00, 9.10, and 10.10. The heats of activation for the acid-catalyzed 
solvolysis of intrazole are within the range of 19-21 kcal./mole and 
agree well with the heats of activation for acid-catalyzed hydrolysis 


10 -2 3 10-3 
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 


1/D X 102 


Figure 7-Effect o.f dielecrrir coiistunt of' tlic. solceirt i?iediirm 011 the 
obserced rate roristuiif ,for iiitrazole degruclutioii. Key: A ,  0.1 N 
HCI(65 i 0.1");aridB,O.O03N N u O H ( 2 6 i  0.1"). 
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Figure 8-Arrhenius-type plots showing temperature dependence of 
rates of hydrolysis of inrrazole at carious hydrogen-ion concentrations. 
Key: A ,  0.1 N HCI; B ,  pH 8.00; C, p H  9.10; D ,  pH 10.10; and E ,  
pH4.10.  


of other monosubstituted and unsubstituted acyl amides (1 1). 
However, the disubstitution of the amide nitrogen leads to a much 
slower rate of hydrolysis in the acidic solutions. 


The heats of activation for the alkaline hydrolysis of intrazole 
are also in the same range. However, in alkaline regions of pH 9.10 
and 10.10, the heats of ionization of water are also included in AH, 
values. The heat of ionization of water is 13.05 kcal./mole (12), 
which when substracted from 20.3 kcal./mole would result in 7.25 
kcal./mole as the net heat of activation for the alkaline hydrolysis of 
intrazole. 


Log Rate-pH Profile-Figure 9 shows the logarithm of the rate 
of degradation of intrazole under buffer-free conditions as a func- 
tion of pH. In the pKa region the rate observed under buffer-free 
conditions cannot be explained by specific hydrogen- or hydroxyl- 
ion catalysis alone. To account for these excess rates in the inter- 
mediate pH range, the catalysis by solvent or spontaneous hy- 
drolysis has to be implicated; a catenary that would explain the ob- 
served data, which is actually the sum of a number of terms, is 
shown in Eq. 10: 


____ -d(rNT)r - - kl[INTH][H+] + kl[INTH] + 
dt 


k,[INT-] + kr[INT-][OH-] (Eq. 10) 


where [INTH] and [INT-] represent the concentrations of the neu- 
tral species and anion, respectively. The rate due to the attack of the 
solvent on unionized and ionized species of intrazole or spontaneous 
hydrolysis is represented by k? and kJ, respectively. Dividing both 
sides of Eq. 10 by the stoichiometric concentration of intrazole 
(INT)T gives Eq. 11: 


At pH < T O ,  intrazole exists virtually entirely as the unionized 
species (INTH), and the overall rate in this region may be attributed 
to terms in kl  and k ! .  From the values of koba in this region, k l  was 


II 
C-OH 


c1 


C1 
Scheme I 


determined to be 0.361 1. mole-' hr.-I and k, was determined to be 
approximately 2.2 X 1. mole-' hr.-l. At pH > 6.5, only terms 
containing kB and k p  contribute to the overall rate; from these 
data, k, was found to be 5.0 X 1. mole-' hr.-l and k4  was 
found to be 5.37 X low4 1. mole-' hr.-l. The value of k,  used here 
was 1.212 x lO-I3 extrapolated from data of Harned and Hammer 
(13). Further verification of the values of kl and k3 comes from the 
middle portion of the profile where only the terms in k )  and ka 
contribute. 


0.001 I I I I I I I 
0 1 2 3 4 5 6 7 


PH 
Figure 9-pH-log rate profile of intrazole degradation in solution at 
constant p H  and 65" ( p  = 0.5). The curre represents the iheoretical 
line calculated from the rate constants, M'hiie the points (ire experi- 
mental results. 
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The curve in Fig. 9 was calculated from these constants, while the 
points are experimental results. The model shown in Eq. 1 1  was 
used to calculate the average kinetic pKa and was found to be about 
4.5. whereas the experimentally determined pKa is 4.4 which satisfies 
the choice of this kinetic model. It is particularly interesting to note 
the relatively rapid rate of hydrolysis of intrazole in neutral solu- 
tion compared to other amides. 


From the curve, it can be seen that the pH of the minimum de- 
gradation rate is about 3, and this would be the optimum pH for 
formulation of a liquid product. 


Mechanism of Intrazole Degradation-In the acid-catalyzed deg- 
radation of intrazole, only two products were identified by TLC. 
These two products were p-chlorobenzoic acid and 3-(5-tetrazolyl- 
methy1)indole. These two products accounted for about 95 of the 
material spotted on the TLC plate. However, it was found that 
with pure materials (reference compounds) the recovery was only 
92-95 %. Consistent with the products formed from the hydrolysis, 
the mechanism for the degradation of intrazole in acidic media 
can be written as shown in Scheme I. 


This mechanism is supported by the primary salt effect on the 
rate of hydrolysis of intrazole under acidic conditions. The mech- 
anism is further substantiated by the effect of ethanol on the rate of 
hydrolysis of intrazole in acidic solutions. As the dielectric constant 
of the medium decreased (that is, as the alcohol concentration 
increased), the rate of hydrolysis also decreased, thereby indicating 


that the rate-determining step involved the attack of hydronium 
ion on a neutral species. 


In alkaline solutions also, the products of hydrolysis were p -  
chlorobenzoic acid (as the anion) and 3-(5-tetrazolylmethyl)indole. 
The mechanism of hydrolysis can be written as shown in Scheme 11. 
Supporting evidence for this mechanism is the positive primary salt 
effect on the hydrolysis of intrazole in alkaline solutions. The rate 
of hydrolysis increased with increasing ionic strength in the hy- 
drolytic medium, indicating that the negatively charged hydroxyl ion 
attacked the anion of intrazole in the rate-determining step. A 
further piece of evidence in support of this hypothesis was the de- 
crease in the rate of hydrolysis in alkaline solutions as the dielectric 
constant of the hydrolytic medium was decreased. Staab (4) showed 
that in the series N-acetylindole, N-acetylbenzimidazole, and N- 
acetylbenzotriazole the ti/, for hydrolysis at 25” at pH 7.0 in water 
was a, 760, and 115 min., respectively. The increase in the hy- 
drolytic rate of N-acetylbenzotriazole over that of the other two 
derivatives was attributed to the reactivity of the benzotriazole 
moiety and the delocalization of the electrons on the carbonyl 
oxygen. However, f l / ,  calculated for the hydrolysis of intrazole at  
pH 7.20 and 25” was 270 hr. Thus, the increased reactivity of car- 
bony1 of intrazole over that of N-acetylindole can be attributed 
to  the electron-withdrawing nature of the p-chlorobenzoyl group 
resulting in weakening of the amide bond. 
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Antitumor Activity of Certain Plants Due to Tannins 


HARRY H. S. FONG, WAQAR BHATTI*, and NORMAN R. FARNSWORTH' 


Abstract Four plants, i.e., Rubus odoratus, Cornus conadensis, 
Lespedeza capilata var. celutina, and Calycogonium squamulosum, 
were found to  have antitumor activity against the Walker 256 (IM) 
carcinosarcoma. Fractionation of these plants revealed that the 
activity was concentrated in the water-soluble fraction. Selective 
removal of the tannins in each water-soluble fraction, followed by 
antitumor testing, revealed that the antitumor activity of these four 
plants was induced exclusively by the tannins present. 


Keyphrases 0 Antitumor activity---four plants studied, activity 
due to tannins 0 Tannins--found responsible for antitumor activity 
in certain plants 0 Medicinal plants--antitumor activity found due 
to  tannins in four plants 


Hartwell and Abbott ( I )  recently pointed out that the 
antitumor activity of many plant extracts against the 
Walker 256 (IM) carcinosarcorna can be attributed to  
tannins, phytosterols, and/or saponins. In the case of 
those extracts in which the activity is due t o  tannins, 
no further interest is shown because of the erratic and 
toxic nature of tannins, which would not be suitable 
candidates for tests against human neoplastic diseases. 


In  our screening program, several plant extracts were 
shown to be active against the Walker 256 (IM) car- 
cinosarcoma in rats, and subsequent investigation of 
four of these revealed that the antitumor activity was 
due exclusively to the presence of tannins. The results 
of work on these four plants is described at this time. 


EXPERIMENTAL 


Plant Material--Rubus odoratus L. (Rosaceae) was collected 
near Pittsburgh, Pa., during July 1964. The whole flowering and 
fruiting plant was collected and extracted. Cornus canadensis L. 
(Cornaceae) was collected in Maine during July 1965. Whole 
flowering and fruiting plants were collected and extracted. hspedeza 
capifura (Bickn.) Fern. var. oelurina (Leguminosae) was collected a t  
Gary, Ind., during September 1965. Whole fruiting plants were 
collected and extracted. Calycogonium squamulosum Cogn. (Mela- 
stornataceae) was collected at  Pic0 del Oeste, Puerto Rico, during 
September 1967. Aerial parts were collected for use in the study'. 


Preliminary Extraction and Antitumor Testing-Extracts of the 
milled plant materials were prepared by percolation with a mixture 


I The identification of R .  odorarus (vouchers WP-793 and WP-1374), 
Cornus canadensis (voucher M-1402). and L. capifafa var. celutina 
(voucher IN-1386) was carried out through the cooperation of Dr. L. K. 
Henry, Carnegie Museum, Pittsburgh. Pa.; identification of Calycog- 
onium squamulosum (voucher SP-1479) was carried out by Dr. R. A .  
Howard. Suitable specimens for reference have been deposited in the 
Herbarium of the Department of Pharmacognosy and Pharmacology, 
College of Pharmacy, University of Illinois at the Medical Center. 
Chicago, IL 60612 


Table I-Activity of Plant Tannins Against 
Walker 256 (IM) Carcinosarcoma 


~ ~ ~~~~~ 


Plant from Which Tannin Dose, Percent 
Was Isolated mg./kg. (T/CP 


Calycogonium squamulosum 100 32 
Cornus ca~iadensis 50 32 
Lespedezu capitata var. Delutina 75 32 
Ruhus odoratus 33 41 


a.A plant extract is considered active if it induces a T/C 5 42% 
against the Walker 256 (IM) carcinosarco~na. 


of 95% ethanol and water (1 :I). The ethanol was removed from 
each extract by means of a flash evaporator (in oacua, 45"), and the 
aqueous mixture remaining was frozen and lyophilized. These 
extracts were submitted to the Drug Research and Development 
Branch, National Cancer Institute, for mtitumor and cytotoxicity 
testing according to  standard protocols (2). 


Fractionation of Extracts and Separation of Tannin Fractions- 
The fractionation method and technique for isolation of tannin 
material were described by Wall et at. (3) and were followed in 
detail. 


RESULTS 


The antitumor test results for each tannin extract are presented in 
Table I. Although in some cases the antitumor activity is quite 
marked, the known toxicity of tannins, as well as their predictable 
erratic activity, precludes further interest in these materials a s  
potential antitumor agents in man. 
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BOOKS 


REVIEWS Hallucinogenic Drugs. By F. CHRISTINE BROWN. Charles C Thomas, 
301-327 E. Lawrence Ave., Springfield, IL 62703, 1972. ix + 
154 pp. 16 X 23.5 cm. Price $10.50. 
Pharmacological and psychological properties of the various 


groups of hallucinogenic compounds are discussed. The following 
groups of drugs are covered: phenylalkylamines, lysergic acid 
derivatives, indoles, marijuana, piperidyl benzilate esters, and minor 
hallucinogens. The best known derivatives of each class are given 
and the relationships between compounds of similar and dissimilar 
structures are compared. 


Staff Review 


European Pharmacopoeia, Volume 11. Published under the direction 
of the Council of Europe (Partial Agreement) in accordance with 
the Convention on theElaboration of a European Pharmacopoeia. 
Maisonneuve S. A., 57-Sainte-Ruffine, France, 1971. (U. S. dis- 
tributor: Rittenhouse, 1706 Rittenhouse Square, Philadelphia, 
PA 19103) xxi + 542 pp. 16 X 24.5 cni. 
Although the path to  developing a pharmacopeia common to 


the eight collaborating countries has nct been smooth, the publica- 
tion of the second volume of the “European Pharmacopoeia” is a 
significant step, Particular problems that were dealt with while 
preparing this volume were the methods of biological assays, the 
use of reference substances, and the procedure t o  be followed for 
revising monographs. 


The style of presentation remains essentially the same as in the 
first volume; an expanded table of contents has been prepared as 
well as a cumulative index for both volumes. Corrections to the 
first volume are also included. 


While numerous other additions and modifications have been 
made, the obvious importance of this volume is the large number of 
monographs it contains. It is apparent that much of the groundwork 
for common European drug specifications has now been laid. 
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drug interactions as they affect driving, research on drugs and driv- 
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to a course in medical therapeutics given to  fourth-year medical 
students a t  Washington University medical school. It has been 
revised regularly to reflect new information, drugs, and techniques. 


In this edition, the chapters on renal disease, pulmonary disease, 
antibiotics and infectious diseases, chemotherapy of malignant 
diseases, and arthritis have been extensively revised and contain 
material not previously discussed in this book. 
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Factors Influencing Microencapsulation of a 
Waxy Solid by Complex Coacervation 


P. L. MADAN, L. A. LUZZI, and J. C. PRICE. 


Abstract 0 Microencapsulation of stearyl alcohol particles by com- 
plex coacervation in a gelatin-acacia system was studied. Spherical 
particles of solid stearyl alcohol were prepared by vibrating reed 
and vibrating capillary methods. Encapsulation was attempted on 
several size fractions of these particles by conventional procedures, 
but only particles below 250 fi  in diameter were encapsulated. A 
modified procedure was developed to encapsulate particles larger 
than 250 p. Microscopic observations indicated that the coacervate 
droplets had littIe affinity for the stearyl alcohol particles and that 
encapsulation of smaller particles was apparently accomplished by 
aggregation and coalescence of several droplets around the parti- 
cles. Encapsulation of particles larger than 250 p by the modified 
procedure was possibly the result of the direct interaction of gelatin 
with acacia on the surface of the particles. 


Keyphrases 0 Microencapsulation of waxy solid (stearyl alcohol) 
by complex coacervation-effect of colloid concentration and 
particle size 0 Waxy solids, encapsulation by complex coacerva- 
tion-stearyl alcohol in gelatin-acacia system, effect of colloid 
concentration and particle size 0 Coacervation, complex-micro- 
encapsulation of stearyl alcohol in gelatin-acacia system 


Microencapsulation is finding increased use in 
pharmaceuticals from the clinical as well as thera- 
peutic aspects. Among the various methods used for 
microencapsulation, complex coacervation is one of the 
oldest methods known and has been used for a wide 
variety of applications (1). 


The literature concerning microencapsulation is not 
extensive, and most of it comes from company bro- 
chures or U. S. patents. Apparently there are no re- 
ported attempts to  study the problems encountered in 
encapsulating waxy solids. Therefore, this investigation 
was undertaken to:  prepare spherical particles of a solid 
waxy material; encapsulate the particles by the process 
of complex coacervation ; collect the encapsulated 
particles in the form of free-flowing, discrete particles; 
and study selected factors relating to the formation of 
microcapsules. 


EXPERIMENTAL 


Materials-The materials used were: acacia USP, pigskin gela- 
!in1 with an isoelectric point at pH 8.0, stearyl alcohol USP, poly- 
sorbate 202, and a polyelectrolyte dispersing agent3. 


Preparation of Particles to Be Encapsulated-Of the several 
methods examined for the production of spherical monodispersed 
particles, two were adopted for the production of stearyl alcohol 
particles. A method similar to that described by Wolf (2), using 
a vibrating reed dipped into liquefied material, was used to make 
particles up to 200 p in diameter. The apparatus used is illustrated 
schematically in Fig. 1. Particles larger than 200 p in diameter were 
prepared using a vibrating capillary apparatus similar to that de- 
scribed by Mason et al. (3). The apparatus used for this vibrating 
capillary method is illustrated schematically in Fig. 2. 


1 The American Agricultural Co., Detroit, Mich. 
Tween 20, Atlas Powder Co., Wilmington, Del. 


3 Darvan #7, R. T. Vanderbilt Co., New York, N. Y. 


A nest of sieves was employed for the separation of particles in 
various size ranges. Particles passing through one sieve and retained 
on the next finer sieve were assigned the arithmetic mean size of the 
two screen openings. Sieve numbers 200, 170, 100, 80, 60, and 40 
were used to obtain particles having average diameters of 81, 163, 
213, and 335 p .  The particles thus obtained were spherical in shape 
and had a predictably narrow size distribution. 


Microencapsulation Procedure-The initial procedure used for 
microencapsulation reported in this study was essentially based on 
the one used by Luzzi and Gerraughty (4) and can be summarized 
as taking place in four steps: (a) establishment of a system with the 
liquid vehicle containing the coating materials as a continuous 
phase and the material to be encapsulated as a dispersed phase, 
(b) changing the dispersion characteristics of the colloids to cause 
phase separation of the wall material, ( c )  deposition of the liquid 
colloidal wall material as a continuous coating about the dispersed 
material to be coated, and ( d )  hardening of the deposited coating 
material. 


All experiments were conducted under experimentally identical 
conditions. The gelatin and acacia solutions were prepared by dis- 
solving, separately, equal quantities of gelatin and acacia in 20 ml. of 
distilled water. These solutions were allowed to hydrate for at  least 
12 hr. before being used. Coacervation was carried out at  40" using a 
water bath maintained at 40 =t 1 O .  


A known weight of the solid stearyl alcohol particles was dis- 
persed in acacia solution by gentle stirring. Gelatin solution was 
added to  this dispersion, and the encapsulation procedure described 
by Luzzi and Gerraughty (4) was followed, except that after de- 
naturation of the coagulated gelatin-acacia complex with formalde- 
hyde, the mixtures were diluted with distilled water so that the 
combined colloid strength was not more than 1 %. The chilled solids 
were then recovered from the coacervation mixture by suspending 
the filtered mass in 70% isopropanol. The mixture was filtered again 
through a coarse filter paper and air dried at room temperature to  
yield free-flowing, discrete particles. 


The entire process was observed microscopically to determine if 
encapsulation was taking place. In the case of 335-p particles where 


GENERATOR 


AMPLIFLER 


1 H O T P L A T E  I 
Figure 1-Schematic diagram of cibratiitg reed apparatus for making 
spherical particles. 
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GENERATOR 
REGULATOR 


AMPLIFIER 


I HOT PLATE I 
Figure 2 --ScAemutir diagram of vibrating cupillary uppuratus for  
muh irig spliericol prrrtirles. 


encapsulation did not take place, the experiments were repeated with 
modified procedures as follows: 


1 .  Addition of formaldehyde solution and cooling of the system to 
10" were reversed. 


2. Polysorbate 20 in concentrations of 0.125, 0.250, 0.375, 0.500, 
1.25, and 2.50z was incorporated in the coacervation mixture, 


3.  A polyelectrolyte dispersing agent3 in concentrations of 
0.125, 0.250, 0.375, 0.500, 1.25, and 2.50% was incorporated in the 
coacervat ion mixture. 


4. Acacia-coated particles were prepared by melting and then 
congealing the stearyl alcohol particles in acacia solution. A known 
weight of stearyl alcohol particles was dispersed in acacia solution 
with gentle stirring, and the dispersion was heated to  60". At this 
temperature, stearyl alcohol particles melted and apparently became 
coated with acacia. The dispersion was then cooled quickly to con- 
geal the particles and encapsulation followed as previously de- 
scribed. 


Colloid Concentration and Particle-Size Studies--A series of 
coacervation mixtures were prepared by dissolving separately 200, 
400, 600, 800, and 1000 mg. each of gelatin and acacia in 20 mi. of 
distilled water. Encapsulation was attempted using particles having 
average diameters of 81, 163, 213. and 335 p (maximum diameters 
88, 177, 250, and 420 p, respectively). In all experiments the total 
surface area of stearyl alcohol particles was kept constant; 0.1 g. of 
8i-p, 0.2 g. of 163-p, 0.3 g. of 213-p, and 0.4 g. of 3357.1 diameter 
particles were used. The entire procedure in all systems studied was 
followed microscopically to determine if encapsulation was taking 
place. 


RESULTS AND DISCUSSION 


Particle Preparation--To attain reproducibility of studies to 
evaluate the factors relating to the formation of microcapsules, it 
was desirable to achieve some degree of uniformity of the material 
to be encapsulated. Ideally, both particle shape and particle size 
should he uniform and of known characteristics, preferably spheri- 
cal in shape and monodisperse. 


It was found that the apparatus based on those described in the 
literature were inadequate to maintain monodispersity of particles 
over a period o f  time long enough to yield quantities suRicient for 
this study. The inability to maintain a single size of particles over a 
long period of time is attributed primarily to insufficient temperature 
control. Of the two methods used, a modification of the vibrating 
reed method described by Wolf (2) was more suitable for prepara- 


Table I-Effect of Colloid Concentration and Particle 
Diameter on Encapsulation 


Total 
Concen- Microscopic 
tration ---Examination of Encapsulation--- 
of Aca- Particles Melted 
cia and Particle and then 
Gelatin, Diam- Congealed in 


eter, p Untreated Particlesa Acacia Solution 


1 81 Encapsulation 
1 163 No encapsulation 
I 213 No encapsulation 
1 335 No encapsulation 
2 163 Encapsulation 
2 213 Encapsulation 
2 335 No encapsulation 
3 335 No encapsulation 
4 335 No encapsulation 
5 335 No encapsulation 


Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 
Encapsulation 


~~ ~~ .~ 


a Includes particles subjected to modified Procedures 1, 2, and  3 


tion of small particles, up to 200 p in diameter, whereas the vibrating 
capillary method described by Mason ef 01. (3) was more suitable for 
the preparation of particles larger than 200 p. Sphericity of the 
particles by either method was good. 


Encapsulation-Encapsulation of stearyl alcohol particles by 
the method described by Luzzi and Gerraughty (4) was found to be 
satisfactory for particles up to 250 p in diameter, except that there 
was a large amount of unused gelatin and acacia in the dis- 
persed form as well as in the coagulated complex form which 
prevented the separation of individual microcapsules from the 
coacervate mixture. This difficulty could be overcome by dilution of 
the mixture after coacervation and denaturation with formaldehyde 
so that the total colloid concentration at  the time of filtration was 
not more than 1 %. 


The capsules thus prepared tended to form agglomerates and 
yielded a cake-like mass on drying. For the purposes of this investi- 
gation and in order to evaluate factors relating to the formation of 
the capsule wall, it was essential t o  obtain the capsules in the form of 
free-flowing particles. Various techniques were tried, but the most 
satisfactory method was to  suspend the capsules in 7 0 x  isopropanol 
before they were dried. The isopropanol treatment produced a SUS- 


pension which dried to  free-flowing discrete particles (Fig. 3 ) .  
Effect of Colloid Concentration and Particle Size on Encapsulation 


--Microscopic examination during the encapsulation procedure 
using different sizes of stearyl alcohol particles revealed (Table I) 
that an unmodified method of encapsulation could be successfully 
employed for encapsulation of particles tip to 250 p in diameter. 
Particles averaging 81 p in diameter were successfully encapsulated 
in a system containing I of total colloids, whereas the concentra- 
tion of colloids needed for encapsulation of 163- and 21 3-p diameter 
particles was twice that amount. However, 335-p average diameter 
particles were not encapsulated with this system, even when the 
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Figure 4-Pliotoiiiicro~rupli of.163-p steuryl ulcohol particles showiiig 
eiicupsulutioti (2 7; colloid cuiicrtiirurioii). 


concentration of the coacervation mixture was increased to five 
times the concentration used for encapsulating 81-p diameter 
particles. Incorporation of the polyelectrolyte dispersing agent 
and/or the surfactant polysorbate 20 did not yield capsules of 335-p 
diameter particles, nor did reversing of procedure so that cooling 
preceded the formaldehyde addition. However, when the modified 
technique of first melting and then congealing the stearyl alcohol 
particles in acacia solution was employed, particles larger than 213 p 
in diameter could be successfully encapsulated with total colloid 
concentrations as low as 1 %. 


Two mechanisms have been suggested for encapsulation (1): (0) 


a single coacervate droplet may encompass one or a group of im- 
miscible nuclei; and ( h )  individual coacervate droplets may be ad- 
sorbed to, or coalesce about, the particles. Figure 4, showing encap- 
sulation of 163-p particles. supports the point of view of encap- 
sulation by aggregation and coalescence of several droplets t o  
envelop the smaller particles. Microscopic examination during the 
encapsulation process indicated that the majority of the particles 
were encapsulated by the aggregation and partial coalescence of 
coacervate droplets around the stearyl alcohol particles (in sizes 
ranging from 81- to 213-p average diameter). Although microphoto- 
graphs of large stearyl alcohol particles showed some coacervate 
droplets lodged against them, coverage was incomplete, with large 
sections of the larger particles (335 p and above) showing no cover- 
age at all (Fig. 5) .  For all practical purposes, the particles above 335p 
i n  diameter were not encapsulated. 


Most of the coacervate droplets in the system had diameters under 
40 p ;  therefore, encapsulation of particles by a single coacervate 
droplet seems to be infrequent for the sizes of particles used here. 


Figure 5-Pliotomicrogrupli of iftfferetu sizes of steuryl cikoliol 
particles slio wiitg iticoniplete coueruge of the larger purticles. 


Several factors may contribute to the failure of encapsulation of 
particles greater than 335 p :  


1. The affinity of the coacervate droplets for the stearyl alcohol 
surface is not great; therefore, the velocity difference between the 
droplets and the particles as the mixture is stirred tends to prevent 
the aggregation of droplets around the particles. There is some 
evidence to support this in that higher stirring speeds hinder encap- 
sulation of small particles (below 21 3-p average diameter). 


2. The probability that sufficient numbers of droplets will 
aggregate and coalesce to encompass a particle decreases as the 
particle size increases. Table I shows, for example, that particles 
having average sizes of 163-213 p were not encapsulated at  1% 
colloid concentration but were encapsulated at  2% colloid concen- 
tration. 


3. Since the stearyl alcohol particles have a lower density than the 
suspending medium, they have a tendency to rise to the top of the 
mixture when the mixture is allowed to come to rest. The coacervate 
droplets are somewhat more dense than the medium and tend to 
settle to the bottom of the mixture. A small particle may not have a 
sufficient rising force to overcome the yield value of the coacervate 
droplet matrix and, hence, become trapped and encapsulated. The 
larger particles may possess sufficient rising force to  overcome the 
yield value of the matrix and rise out of the droplet mass. 


4. The small particles may be more easily “wetted” by the coacer- 
vate droplets. 


When the modified method of melting and then congealing 
stearyl alcohol particles in acacia solution before encapsulation was 
used, particles larger than 213 p in diameter were encapsulated in all 
colloid concentrations examined. Apparently, acacia is adsorbed 
more strongly by liquid than by solid stearyl alcohol and is retained 
after solidification. The acacia adsorbed to  the particles then reacts 
directly with gelatin in the coacervation process to form the micro- 
capsules. This mechanism of encapsulation has not previously been 
reported but could help to  explain the encapsulation of a number of 
substances, especially oily liquids. Further experiments are in 
progress to test the validity of this hypothesis. 


SUMMARY AND CONCLUSIONS 


This investigation was undertaken to prepare spherical particles of 
solid stearyl alcohol in various size ranges, to encapsulate these 
particles by the process of conlplex coacervation, and to study the 
factors relating to the formation of microcapsules. It was found that 
the conventional method of encapsulation with the gelatin-acacia 
system could be used for particles up to 213-p average diameter but 
that larger particles (above 335-p average diameter) were not encap- 
sulated by this procedure. In the case of the smaller particles, 
encapsulation appeared to occur by aggregation and coalescence of 
coacervate droplets around the particles. Failure to encapsulate the 
larger particles was shown microscopically to be due to incomplete 
coverage of the particles by the coacervate droplets. 


Encapsulation of the larger particles was accomplished by first 
melting and then congealing the stearyl alcohol particles in acacia 
solution prior to encapsulation. Liquefaction of the stearyl alcohol 
possibly allowed adsorption of acacia which was then retained after 
solidification. The adsorbed acacia then probably reacted directly 
with gelatin during the coacervation process. 
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Tumor-Inhibitory Agent from Hyptis emoryi (Labiatae) 


K. SHETH, S. JOLAD, R. WIEDHOPF, and J. R. COLE' 


Abstract The extract of Hypris ernoryi (Labiatae) has shown tu- 
mor-inhibiting properties in the 5WA16 test system of the Cancer 
Chemotherapy National Service Center. By means of melting point, 
mixed melting point, I R .  mass spectrometry, elemental analysis, 
and preparation of derivatives, the agent responsible for this action 
was shown to be betulinic acid. 


Key phrases 0 Hyptis ernoryi (Labiatae)-identification of betu- 
linic acid as tumor-inhibiting constituent 0 Betulinic acid-identi- 
fied as the tumor-inhibiting constituent of Hyptis emoryi Anti- 
tumor agents-betulinic acid isolated from Hyptis emoryi, identi- 
fied as the tumor-inhibiting constituent 0 Medicinal plants-isola- 
tion and identification of betulinic acid from Hypris emoryi as 
antitumor agent 


As a result of the continuing search for plants having 
tumor-inhibiting constituents from the Southwestern 
United States and Mexico, it was found that the chloro- 
form extract of the aboveground parts of Hyptis ernoryi 
Torr. (Labiatae)' was active against Walker carcinoma 
256 (intramuscular) tumor system (5WA16) of the 
Cancer Chemotherapy National Service Center. Ac- 
tivity was detected in Sprague rats at a level of 36% 
T/C at 600 mg./kg. and of 47% T/C at  400 mg./kg. 
Activity in this system is defined as a percent T/C value 
of less than 60 in a satisfactory dose-response test (1). 


A preliminary examination of the chloroform extract 
revealed that terpene-like compounds were apparently 
responsible for the tumor-inhibitory effect. Separation 
and subsequent testing of the two isolated (TLC) ter- 
penes (A and B) showed that Compound A was the 
active constituent. The resolution of these two com- 
pounds was effected by solvent extraction followed by 
silica gel G dry column chromatography, using chloro- 
form-dioxane (9 : 1) as the eluting solvent system. Com- 
pound A, which demonstrated activity of 15% T/C at  
500 mg./kg. and of 52 T/C at 300 mg./kg., was identi- 
fied as betulinic acid by its melting point, mixed melting 
point, IR, mass spectrometry, and elemental analysis. 
It was further characterized by preparing a methyl ester 
and acetate derivative. 


EXPERIMENTAL 


Isolation of Active Fraction-The stems, leaves, and flowers 
(10 kg.) of H .  emoryi were dried, ground, and extracted in an 
extractor (Lloyd) with chloroform for 48 hr. The solvent was 
changed after 24 hr. and the extraction was continued. The com- 
bined chloroform extract, after removal of the solvent in air, yielded 
a residue weighing 280 g. A portion (25 g.) of this residue was stirred 
mechanically with acetone (1 1.) for 2 hr. at ice bath temperature and 
then filtered. The acetone-insoluble residue (which did not contain 
Compound A as shown by TLC: silica gel G, chloroform-acetone, 


~~~~~~~~ ~~~~ ~~~ ~ ~ ~ ~ ~ ~ ~ 


The plant was collected in Yuma County, Ariz., during May 1969. 
Identification was confirmed by Robert J. Barr, College of Pharmacy, 
and Dr. Charles Mason, Botany Department, University of Arizona, 
Tucson. A reference specimen was also deposited in the University of 
Arizona Herbarium. 


9 :  1) was inactive and discarded. The acetone extract, after removal 
of the solvent in air, was stirred mechanically with petroleum ether 
(b.p. -80") (2 X 800 ml.) for 3 hr. at ice bath temperature and 
filtered, and the filtrate was discarded. The petroleum ether-insolu- 
ble material (12.5 g.) showed (TLC) essentially a mixture of A and B. 


Isolation of Betulinic Acid-The above mixture was dissolved in 
acetonechloroform (1: l  v/v) and adsorbed on silica gel G (100 
g.), and the solvent was removed. The resulting silica gel G coated 
with the extract was then placed on the top of a column (138 X 6 
cm.) packed with silica gel G (1250 g.) and eluted with chloroform- 
dioxane (9 : 1). One hundred 20-ml. fractions were collected. Based 
on TLC analysis, Fractions 9-13 were combined to give crude 
betulinic acid (1.12 g.). Repeated crystallization of this material 
from acetonetetrahydrofuran (activated charcoal2) and finally from 
excess methanol (activated charcoal2) yielded pure betulinic acid in 
colorless long needles, m.p. 291-293 ', which was not depressed by a 
mixed melting point with an authentic sample3. The compound 
retained 1 mole of methanol even after drying at 120". The IR 
spectra were identical. The compound showed specific rotation [& 
of $6.77" in pyridine (c, 0.3840) [lit. (2) [a]~'  +7.79" in pyridine] 
and no selective absorption in the UV region, and it gave a positive 
tetranitromethane test. Mass spectrometry indicated a parent peak 
of 456. 


Anal.-Calc. for CaoH4eOa.CHaOH: C, 76.22; H, 10.65. Found: 
C, 75.92; H, 10.73. 


Preparation of Methyl Betulinate-Betulinic acid (140 mg.) was 
dissolved in dry ether (45 ml.), and an ethereal solution of diazo- 
methane was added in portions at 0" for 15 min. After theaddition, 
the reaction mixture was allowed to stand at room temperature for 2 
hr. Methyl betulinate was crystallized from methanolkhloroform in 
colorless needles, m.p. 215", which was not depressed by mixing with 
an authentic ~arnple3.~. The IR spectra were superimposable, 
showed specific rotation [& of - 12.21 in chloroform (c, 0.4260), 
and gave a positive tetranitromethane test. 


Atza/.-Caic. for C~IHBOO~:  C, 79.10; H, 10.63; mol. wt., 470. 
Found: C, 78.84; H, 10.45; m/e 470. 


Preparation of Betulinic Acid Acetate-To 150 mg. of betulinic 
acid were added pyridine (1.5 ml.) and acetic anhydride (4 ml.). 
The compound obtained had a melting point of 283-285" (metha- 
nol-chloroform) [lit. (2) m.p. 287-289" dec.] and IR maxima (CClr) 
at 2.78, 2.92, 6.11, and 8.09 p.  It also gave a positive tetranitro- 
methane test. 


Anal.-Calc. for C32H5004: C, 77.11; H, 10.04; mol. wt., 498. 
Found: C, 76.51 ; H, 10.00; mle 498. 
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Disposition of Tritium-Labeled Spirolactones in the Dog 


W. SADEE*A, S. RIEGELMAN*, and S. C. JONESt 


Abstract 0 The disposition and metabolism of spironolactone (I), 
canrenone (II) ,  and potassium canrenoate (111) in dogs were followed 
by fluorescence methods and by tritium label of I and 111. Spirono- 
lactone was rapidly converted to nonfluorogenic, possibly reduced, 
metabolites, which were concentrated in the bile fluid (35% of the 
dose within 6 hr.). The 4,6-dienone, 111, followed a similar metabolic 
pathway lo nonfluorogenic metabolites; however, it was eliminated 
at a slower rate than 1. Urinary excretion was rather low (about 2 z  
of the dose in 6 hr.), and gastric cycling was virtually absent. A pre- 
liminary pharmacokinetic model in the dog is suggested. Equimolar 
amounts of 1 and I 1  were given perorally and intravenously for 
absorption studies. The bioavailability to the central compartment 
was about 4Oz following oral doses, whereas the absorption 
amounted to about 80% when judged by the biliary excretion after 
oral and intravenous doses. The difference is explained by the 
effective hepatic clearance following oral administration. 


Keyphrases 0 Spirolactones, fluorescent and tritium labeled- 
disposition, metabolism, dogs 0 Spironolactone, fluorescent and 
tritium labeled-disposition, metabolism, dogs 0 Canrenone and 
potassium canrenoate. fluorescent and tritium labeled--disposi- 
tion, metabolism, dogs 0 Absorption, spirolactones-disposition, 
metabolism, dogs c] Biliary excretion-spirolactones, dogs 
Radiolabeled spirolactones-disposition, metabolism, dogs 0 
Spectrophotofluorometry-analysis, spirolactones 


The structure-activity relationships among the di- 
uretic steroidal 17-spirolactones have been studied. The 
compound most potent when given orally was found 
to be spironolactone (1) (1-5), which is metabolized to  
canrenone (11) by dethioacetylation. Canrenone (11) 
was shown to be in  rapid equilibrium with its open- 


chain analog, 111, in dogs (6) .  In Ditro studies with the 
small gut mucosa of rats revealed a n  effective hydrolytic 
cleavage of the y-lactone ring of I 1  at this site (7). 


Earlier workers (4) suggested that either I or a metab- 
olite of I other than 11 may also contribute to the 
pharmacological effect. However. no significant dif- 
ference in activity between I and the potassium salt 
of canrcnoic acid, 111, was found following oral and 
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parenteral administration (8, 9), although 111 exists in 
rapid equilibrium with I1 in vivo (6). 


A rapid reduction of the 4-en-3-one function has been 
proved for a variety of steroids and would presumably 
cause a loss of activity of the spirolactones (10). The 
high oral activity of spironolactone was, therefore, 
explained by inhibition of the metabolic reduction by 
the presence of the 7a-thioacetyl group (7). No data 
have been reported on the metabolic fate of the 4,6- 
dien-3-one moiety present in 11. Only about 1% of an 
oral dose of 1 g. of I was excreted in the urine as I1 in 
man (7) when measured by the fluorescence assay of 
Gochmann and Gantt (1 1). 


Specific fluorometric assays have been reported which 
enable differential assessment of I, IT, and 111 (12). 
Since reduced metabolites would not fluoresce, C20,21- 
tritium-labeled I and 111 were studied to estimate un- 
known metabolites. 


To account for the high oral activity of I, 11, and 111 
compared to other spirolactones, equivalent doses of I, 
11, and 111 were administered by the oral route and 
intravenously to female dogs. 


EXPERIMENTAL 


Fluorescence Assayesee Reference 12. 
Preparation of Dogs-See Reference 6. 
Radioactive Materials-Compound I, tritium labeled at Czo.zl 


with a specific activity of 0.59 mc./mg., was used’. 
Compound 3H-III was prepared by heating I with 0.1 N KOH 10 


min. at 90’. This procedure could be shown to convert quantita- 
tively I to 111 without causing an exchange of the tritium label at 
C20.21. Both 3H-I and 3H-lII were found to be radiochemically pure 
using TLC. 


A 100-mg. dose of 3H-I and the equimolar amount of 3H-III (95 
mg.) containing approximately 0.4-1 .O mc. of radioactive material 
was administered intravenously and orally. 


Reagents-Internal standard: 3H-toluene (2.26 X lo6 d.p.m./ml.). 
(a)  Toluene cocktail for nonaqueous samples2. (b) Dioxane cocktail 
for aqueous samples, according to Bray (13). (c) Solubilizer for 
plasma samples3. 


Radioactive Assay Procedures-Plasma-To 0.2 ml. plasma, 0.5 
ml. of the solubilizer was added, and the mixtures were heated for 
45 min. at 60”. After cooling, 10 ml. of the dioxane cocktail was 
added. 


Bile-To 0.01 ml. bile, 10 ml. of dioxane cocktail was added. 
Urine-To 0.01 ml. urine, 10 ml. of the dioxane cocktail was 


added. 
The samples were placed in plastic vials and counted by a liquid 


scintillation counter4 for 10 min. (bile samples for 1 min.). A second 
reading was performed after adding the 3H-toluene standard. 


RESULTS AND DISCUSSION 


In a previous study (6) ,  the disposition kinetics of I, 11, and 111 
in dog plasma were described using fluorometric procedures (12). 
T o  assess nonfluorogenic metabolites, tritium-labeled I and 111 
were administered intravenously and I was administered perorally. 


After intravenous administration of 100-mg. doses of 3H-I to 
dogs, the data shown in Fig. 1 were obtained by radioactive and 
fluorescent analyses of the blood plasma samples. The differences 
between the fluorogenic metabolites (1 2) (total fluorescence assay) 
and radioactivity resulted in a curve representing the concentration 
of nonfluorogenic metabolites. It is apparent that I undergoes rapid 
metabolic conversion, possibly to reduced metabolites. The increase 
in concentrations of total radioactivity and total fluorescence over 


1 G .  D. Searle and Co., Chicago, Ill. 
2 5 g. OmniAuor/l 1. toluene liquid scintillation grade, Eastman 


3 0.75 M Soluene, Packard Co. 
4 Packard LSS 3380 AAA. 


Chemical Co. 


0.1 ’ I I I I 1 I 


1 2 3 4 5 6 
H O U R S  


Figure 1-Plasma Ievels after intravenous administration of 100 mg. 
3H-I to Dog 15871. Key: 8 ,  total radioactivity; Q, totalfluorescent 
concentration; and (8 - a), tronfluorogenic metabolites. All con- 
centrations are expressed as micrograms of I1 per milliliter. 


the 1st hr. after injection indicates the formation of metabolites 
with a smaller volume of distribution than I. 


The cumulative biliary excretion is shown in Fig. 2 following 
100 mg. 3H-I i.v. The total radioactivity accounted for 3 5 S z  of 
the dose during a 6-hr. collection period, in contrast to only 
3% fluorogenic metabolites (“total fluorescence assay”) (12). Upon 
extrapolating the excretion curves to an infinite time, one could 
estimate a total biliary excretion of about 60% of the administered 
dose. The nonfluorogenic metabolites were not extractable with 
ether, indicating conjugation to polar metabolites, which were then 
concentrated in the bile. 


In one experiment, the bile cannula was removed after the initial 
period of 6 hr. to allow hepatic cycling, and blood was sampled 
for 4 days. Plasma levels of total radioactivity were as high as 0.19 
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Figure 2-Cumulative biliary excretion ,following an intravenous 
dose of 100 mg. of 3H-I to Dog 15871. Key: 8 ,  total radioactivity; 
and 8, total fluorescence. All amounts are expressed as milligrams of 
I .  
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Figure 3-Plasma levels after an intravenous dose of 95 mg. aH- 
111 to Dog 16526. Key: 8, total radioacticity; 0 ,  totalfliiorescent 
concentration; and Q (e - 9), nonjluorogeriic metaboliles. All 
concentrations are expressed as micrograms of I1 per milliliter. 


mcg./ml. after 80 hr. One can estimate a disposition half-life of 20 
hr. for this time interval. 


Since the metabolic fate of the dienone moiety, represented by I1 
and 111, has not been reported, tritium-labeled Ill was investigated 
by the same procedure as for 1. The results are shown in Fig. 3. A 
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Figure 4- Ciimirlutioe hiliury excretion followitig an intravenous 
dose of 95 mg. a H - l l l  to Dog 16526. Key: Q, total radioactivity; 
and 0, rotaljluorescetrce. All amounts are expressedas milligrams of 1. 
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Figure 5-Plasma lewls afrer an intracenous dose (triangles) and 
an oral dose (circles) of a polyethylene glycol 400 solution of 100 mg. 
=H-I to Dog 15871. Key: A and e, total radioactivity; and A and 
8, total fluorescent concentration. All cuncetrtrations are expressed 
as micrograms of IIper milliliter. 


small concentration of nonfluorogenic metabolites in plasma has 
to be postulated over a period of 6 hr. postadministration. However, 
the fluorogenic metabolites accounted for only 2 4 %  in the bile, 
whereas the total radioactivity accountcd for about 32% of the 
dose within 6 hr. (Fig. 4). Again, nonfluorogenic, conjugated 
metabolites were concentrated in the bile fluids. Examination of 
Figs. 2 and 4 indicate that I l l  is converted to nonfluorogenic me- 
tabolites and excreted into the bile at  an overall rate lower than 
is found for I when comparing these two dogs. 


The ester glucuronide of 111 was reported to be a major metabolite 
in man (14). In the dog, less than I of the dose could be accounted 
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Figure 6-Cumulatioe biliary excretiorr ofter an intravetrous dose 
and an oral dose of 3H-I to Dog 15871. Key: d atid 0,  total radio- 
activity after inlrac1enous atid oral administrution, respecticely; and 0 
cord a, total Jhorescence after iritruoerroio arid oral administrution, 
respeclioely. All amoutits are expressed as milligrams of 1. 
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Figure 7-Cumulatice urinary excretion following an intravenous 
dose and ail oral dose of 100 mg. 3H-I to Dog 15871. Key: @ (intra- 
venous) and c) (oral), total radiocictivity; and 0 (intravenous) and 0 
(oral), totul fluorescence. All amounts are expressed as milligrams of 
1. 


for as the glucuronide by fluorescence analysis (12), which was 
excreted into the biliary system. No polar conjugates were detectable 
in plasma by fluorescence assay. Thus, the metabolic fate of the 
spirolactones is clearly different in the dog when compared with 
man. 


Absorption Studies-Figure 5 shows the plasma curves following 
oral and intravenous doses of radioactive I to the same dog assayed 
by the appropriate fluorescence (1 2) and 3H-radioactivity procedures. 
Comparison of the radioactivity curve indicated an oral avail- 
ability of I to the central compartment of about 4 0 x  of the dose. 
The difference between the fluorescence assay and the total radio- 
activity following the oral dose again indicated the presence of non- 
fluorogenic metabolites, as discussed for the intravenous administra- 
tion of I (Fig. I ) .  


Different definitions of oral availability can be invoked, such 
as comparison of the bile, blood, and urine levels (15). On oral 
administration, all of the drug is usually absorbed uia the hepatic 
portal system. If metabolism or biliary secretion precede the transit 
into the central compartment, a lower estimate of drug availability 
will be seen by comparison of plasma levels from oral and intra- 
venous administrations. The cumulative biliary excretion curves 
after administration of I by the oral and intravenous routes are 
compared in Fig. 6. These data indicate the degree of absorption 
under the condition of the study to be approximately 80%. 


Unlike the biliary excretion, the renal excretion reflects the avail- 
ability of I in the plasma. Thus, the amount of radioactivity excreted 
following oral administration accounts for about 40% of an 
equivalent intravenous dose. The ratios between fluorogenic and 
nonfluorogenic metabolites in urine (Fig. 7) were similar in value 
to what is found in bile. An effective renal tubular reabsorption of 
I1 and 111 is probable. 


The total urinary excretion is remarkably low (about 1 %  of a 
peroral dose of 100 mg. I within 6 hr.). Although hepatic cycling 
was made possible by removing the bile cannula after 6 hr., the 
urinary excretion did not exceed 2% over a collection period of 
80 hr. In contrast, urinary excretion in man accounted for about 
47% of the dose within 5 days (14). The metabolism of the tritiated 
side chain on CI? must be considered; however, it is likely that the 
majority of the drug is excreted cia the feces as conjugates. 


Gastric Secretion-Gastric fluids were collected through a gastric 
fistula. The output of gastric fluids varied widely from dog to dog. 
Some impact of I and I1 on gastric flow was found; however, it was 


I - I I ~ I I I  
I 1 k/ 


nonfluorogenic metabolites 
1 


polar conjugates -+ bile 
Scheme I 


not statistically significant. The secretion of sodium, potassium, and 
hydrogen ions was not stimulated. Following intravenous doses of 
3H-I and 3H-III, only low amounts could be detected (about 10 mcg. 
or about 0.01 % of the dose over 6 hr.), although maximal flow rates 
of gastric fluids up to 150 ml./hr. were produced. A virtual absence 
of gastric cycling can be postulated. 


CONCLUSIONS 


The model shown in Scheme I can be suggested so far for the 
metabolism and the excretion of 1. Preliminary studies showed 
that the predominant part of metabolites in the bile were polar 
conjugates of nonfluorogenic metabolites. More work concerning 
the nature of metabolites will be reported soon. 


Spironolactone (I) itself is unlikely to contribute to the diuretic 
activity, since it is virtually cleared from plasma within 1 hr. (6). 
Since the 4-en-3-one derivatives of the 17-spirolactone series are 
not deprived of antimineralocorticoid activity when given par- 
enterally, it can be assumed that the activity is not necessarily cor- 
related to the dienone moiety of I1 and 111. On the other hand, 
the enone seems to be cleared to  a large extent from the plasma 
by metabolic reduction in the liver and by biliary excretion, which 
could explain the low oral activity of many derivatives. 


The high oral activity of I may be explained in part by dethio- 
acetylation to the dienone 11, which is metabolized with a slower 
rate than I and escapes an effective hepatic clearance. However, 
metabolites of I with a diuretic activity higher than that of I1 and 111 
could account for the pharmacological effect of I in dogs. 
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REVIEWS Hallucinogenic Drugs. By F. CHRISTINE BROWN. Charles C Thomas, 
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Pharmacological and psychological properties of the various 


groups of hallucinogenic compounds are discussed. The following 
groups of drugs are covered: phenylalkylamines, lysergic acid 
derivatives, indoles, marijuana, piperidyl benzilate esters, and minor 
hallucinogens. The best known derivatives of each class are given 
and the relationships between compounds of similar and dissimilar 
structures are compared. 
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Maisonneuve S. A., 57-Sainte-Ruffine, France, 1971. (U. S. dis- 
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tion of the second volume of the “European Pharmacopoeia” is a 
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preparing this volume were the methods of biological assays, the 
use of reference substances, and the procedure t o  be followed for 
revising monographs. 


The style of presentation remains essentially the same as in the 
first volume; an expanded table of contents has been prepared as 
well as a cumulative index for both volumes. Corrections to the 
first volume are also included. 


While numerous other additions and modifications have been 
made, the obvious importance of this volume is the large number of 
monographs it contains. It is apparent that much of the groundwork 
for common European drug specifications has now been laid. 
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124 pp. 17 X 24.5 cm. Price $7.50. 
The purpose of this new series is to serve as a compendium of the 


literature on a specialized topic. Particular emphasis will be given 
to the medical, biological, and social consequences stemming from 
the misuse and therapeutic use of drugs. 


This book is divided into three major parts generally discussing 
drug interactions as they affect driving, research on drugs and driv- 
ing, and a general discussion and related problems. 
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GEOFFREY ROSENFELD. Little, Brown, 34 Beacon St., Boston, 
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This book was originally developed in the early 1940’s as a guide 


to a course in medical therapeutics given to  fourth-year medical 
students a t  Washington University medical school. It has been 
revised regularly to reflect new information, drugs, and techniques. 


In this edition, the chapters on renal disease, pulmonary disease, 
antibiotics and infectious diseases, chemotherapy of malignant 
diseases, and arthritis have been extensively revised and contain 
material not previously discussed in this book. 
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Mechanism of Dissolution IV: Verification of Effective 
Interfacial Concentration during Dissolution of a Solid 


CHARLES D. SHIVELY* and DANE 0. KILDSIG' 


Abstract 0 The effective interfacial concentration developed during 
dissolution was determined for five solids, ranging in solubility from 
0.005 t o  0.12 mole/l., using a descending column dissolution model. 
In all cases the interfacial concentration was evidenced by a con- 
stant concentration which developed in the first compartment of the 
column and was much less than saturation. The telegraph equation 
was used to  describe the column dissolution of the solids. A second 
dissolution model, consisting of a round-bottom flask and a stirrer, 
was used to verify the effective interfacial concentrations determined 
in the column model. The equation, dissolution rate = k,(C, - 
Ci), was used to analyze the data, and good agreement was obtained 
between the theoretical line and the experimental data, thereby 
verifying the values of Ci, the effective interfacial concentrations, 
obtained in the descending dissolution column model. 


Keyphrases 0 Dissolution of solids, descending column model-de- 
termination of effective interfacial concentration 0 Interfacial con- 
centration-determination during descending column dissolution, 
five solids 0 Solid dissolution, descending model-determination 
of effective interfacial concentration 0 Descending column dissolu- 
tion model-effective interfacial concentration verification during 
solid dissolution 


Recently the dissolution of a solid was studied using a 
colunin dissolution model (1). This model allowed dis- 
solution to be studied under both ascending and de- 
scending conditions. For dissolution in the ascending 
model, excellent agreement was obtained between the 
experimental amount dissolved and the concentrations 
predicted by Fick's second law. In the descending model, 
a mathematical model involving an autocorrelation step 
was required to describe the observed experimental 
concentration gradient. It was in the descending model 
that an interfacial concentration, much less than satura- 
tion, was determined. 


This report describes the determination of the effective 
interfacial concentration for additional solids in the 
column dissolution model and provides verification of 
the effective interfacial concentrations by a completely 
different dissolution model. 


GENERAL CONSIDERATIONS 


The concentration of solute that developed in the compartment 
adjacent to the solid surface in the dissolution column described in 
the previous report (1) was found to reach a constant value during 
dissolution. This concentration was taken to be the effective inter- 
facial concentration existing at the solid-liquid interface for an inter- 
facially controlled dissolution process. The theoretical concentra- 
tion gradient predicted by the telegraph equation (1) using this effec- 
tive interfacial concentration was in good agreement with the experi- 
mental concentration gradient developed in the descending column 
model. However, since only one solid was used in the initial inves- 
tigation, it was possible that the development of an equilibrium 
concentration in the first compartment was peculiar to that solid. 
Furthermore, it was entirely possible that the equilibrium concentra- 
tion developed in the first compartment during descending dissolu- 
tion was entirely dependent upon the column model and not related 
to the solid itself. 


Table I-Diffusion Coefficients a t  30" 


Concentration, Diffusion Coefficient, 
Solute g. mI.-l X lo3 cm.* sec.-l X lo5 


Phenacetin 


Salicylamide 


O.Oo0 
0.179 
0.364 
0.538 
0.717 
0.896 
O.Oo0 
0.137 
0.343 
0.686 
1.029 
i.371 
2.057 
2.469 


m- Acetotoluide O.Oo0 
0.149 


Benzamide 


0.746 
1.490 
2.238 
3.730 
5.968 
O.Oo0 
0.121 
0.621 
1.211 
6.055 
12.114 
14.750 


0.90W 
0.895 
0.894 
0.862 
0.857 
0.860 
1.41= 
1.37 
1.30 
1.21 
1.15 
1.14 
1 . 1 1  
1.08 
1 .25,z 
1.22 
1.15 
1.12 
1.08 
1.07 
1.06 
1.16" 
1.15 
1 .13 
1 . 1 1  
1.08 
1.07 
1.07 


Obtained by extrapolation to infinite dilution. 


With these two possibilities in mind, it was decided to investigate 
the dissolution properties of several additional solids using the col- 
umn dissolution model and, in addition, to use a dissolution model 
significantly different from the column model. A mathematical 
model was chosen which had previously been utilized in describing 
an apparent interfacially controlled dissolution process (2): 


dissolution rate = k,(C, - C, )  E q .  1) 


where k ,  is the interfacial rate constant, C ,  is the saturation solubil- 
ity, and C ,  is the effective interfacial concentration. This model re- 
lates the dissolution rate to the driving force for dissolution, C - 
C , .  From Eq. 1, it can be seen that if C ,  were decreased for a given 
solid, such as by the addition of a neutral salt to the dissolution me- 
dium, the dissolution rate should approach zero as C ,  approaches C ,  
and it should be possible to predict C,  from a plot of dissolution rate 
uersus C,. If C ,  is dependent only on the nature of the solid, this 
graphical approach to the determination of C ,  should be indepen- 
dent of the dissolution model itself and of the degree of agitation in 
the dissolution model. For this reason, a round-bottom flask with 
provision for agitation was chosen as the dissolution model to be 
used in comparison with the column dissolution model. 


EXPERIMENTAL 


Materials-The materials used in this sl udy were benzamide', 
m-hydroxybenzoic acid', n?-acetotoluide', 2,5-dihydroxybenzoic 
acid', salicylamide NF, and phenacetin USP. 411 chemicals were u:ed 


~~ 


1 Eastman reagent chemicals. 
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Figure 1-Vessel di,ssolrrtion model. Key: I ,  glass stirrer sliufr; 2, 
grounr(-glu.ts stopper; 3, holder for die-tablet assenibly; 4 ,  tablet 
holder.; 5 . f i i s ~ d  tahlet disk; aiid 6,  stirring paddle. 


as received from the manufacturer. The water used in the dissolution 
media was double distilled, the second time in an all-glass still. 


Diffusion Cell-The basic diffusion cell used in this study was a 
replica of that described by Nedich and Kildsig ( I ) ,  with the excep- 
tion that a 3.7-cm. diameter nylon reinforced filter (M.F. Millipore, 
microweb) with a 4-p pore size was used as the diffusion membrane 
instead of the silver membrane. The nylon membrane did not re- 
quire any special pretreatment prior to use in the diffusion coefficient 
determinations (3) and eliminated the oxidation problem associated 
with the silver membrane. 


The two-flask diffusion cell was held together by an aluminum 
clamp secured by four nuts and bolts. This clamp was placedover the 
ground-glass joints and, following assemblage of the cell, the joint 
area was coated with paraffin to ensure a leak-free seal. 


Solutions placed in these flasks were stirred at 450 r.p.m. by the 
use of magnetic stirrers and 5-cm. Teflon-coated magnetic stirrer 
bars. The 450-r.p.m. speed was maintained constant by monitoring* 
the speed of the stirrer bars. The diffusion cell was then placed in a 
water bath maintained at  30 =k 0.02". 


The cell constant was determined using potassium chloride as the 
diffusing solute.Thecell was filled and placed in the water bath at30". 
and a 4-hr. lag time was used before the first sample, time = zero, 
was removed. Samples of 10-ml. volume were subsequently removed 
at  30-min. intervals for 2.5- or 3-hr. periods. The volume withdrawn 
was replaced after each sample, and corrections were made for the 
potassium chloride concentration withdrawn. An atomic ah- 
sorption ~pectrophotometer~ was used to assay the potassium ion 


V 
O l  


0 20 40 60 80 100 120 
MINUTES 


Figure 2--PIieriacetiii concentrution in Coinpurtnieirt I as a fiinctioii 
of time obtained in the descending column model. The plateau cwlire 
is the effective interfacial coticeniratiorr, C , .  


1 With d Strobotac unit, General Radio Corp., Concord, Mass. 
3 Model 290, Perkin-Elincr Corp., Norwalk, Conn. 
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Table II-Comparison of Amount Dissolved in Ascending 
Compartmental Model Dissolution 


~~~~~ 


Theo- Experi- 
retical mental 


Concen- Concen- 
tration, tration, Percent 


Solute Hours g. X lo3 g. X lo3 Deviation 


Benzamide 6 8.196 7.824 -4.54 
m- Acetotoluide 25 6.595 6.605 +O. 15 
Salicylamide 30 3.345 3.253 -2 .75 
Phenacetin 8 0.517 0.516 -0.19 


present in each solution, and the concentration was adjusted for po- 
tassium chloride content. The concentration of the potassium chlo- 
ride solution in the initial flask was determined before and after each 
experimental run to ensure that the equilibrium plateau of the diffu- 
sion curve had not been reached. The diffusion coefficient of a 0.1 M 
KCI solution was taken as 2.0934 X 10-5 cm.2/sec. (4) for calcula- 
tion of the cell constant. The diffusion coefficients of several solids 
at varying solute concentration are shown in Table I. 


Solid Disk Preparation-The solid disks used in this study were all 
prepared by the same method. Each individual disk was formed by 
first melting the solid in a casserole. The melt was then poured onto a 
highly polished stainless steel punch inserted into a die. The punch 
and die assembly was brought to within 10" of the melting point of 
the solid prior to tablet formation, After pouring the solid melt into 
the punch and die assembly, a cylindrical glass vessel was placed 
over the entire assembly and the solid was allowed to fuse. The tem- 
perature of the punch and die assembly including the newly fused 
tablet was allowed to cool to room temperature, and the newly 
formed solid disk was removed. The uniformity of the fused disks 
was evidenced by the good tablet to tablet reproducibility of dissolu- 
tion rates. 


Determination of Saturation Solubility of Solids in Various Sol- 
vents-The solubility of the six solids in various solvents was deter- 
mined at  30" using a three-necked, lOO-ml., round-bottom flask sub- 
merged in a water bath. Excess solid material was placed in 100 ml. 
of the respective solvent (either doubly distilled water or 0.1, 0.25, 
0.50, or 1.0 M NaCl aqueous solutions) and stirred for 4 days. Two- 
milliliter samples were removed every 24 hr. using a warmed Milli- 
pore filter syringe with a filter pore size of 0.65 or 0.45 p ,  diluted 
where necessary, and assayed spectrophotometrically. 


Compartmental Dissolution Model-The compartmental dissolu- 
tion column, consisting of a series of 14 Plexiglas compartments, 
each 3 cm. in height and containing a volume of 2.89 ml., was de- 
scribed previously (l), as was the environmental chamber for main- 
taining column temperature a t  30 f 0.01' (1). A 2-hr. equilibrium 
period within the chamber was allowed following positioning of the 
filled column. This 2-hr. equilibrium allowed the system to attain 
both temperature equilibrium and static fluid equilibrium inside the 
column. Ascending dissolution or descending dissolution dictated 
the position of the tablet-containing slide at  the bottom or top of the 
column, respectively. After the equilibrium period, the tablet was 
positioned either under or on top of the column of solvent and dis- 
solution was allowed to occur. Following a definite time period of 
dissolution, the tablet-containing slide was moved out of position 
and the compartments were closed by moving the draw-rod and 
slides into the closed position. 


t; 0.15 [.----- - I 4 
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Figure 3-Salicylarnide ~on~entration in Conipartmeiit I as u fuirction 
of time obtuined in the descending column model. The plateair d u e  is 
the effective interfacial p on cent ration, C , .  
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Figure 4-m-Acetotoluide concentration in Compartment I as a 
function of time obtained in the descending column model. The plateau 
oalue is rlie &ctiiw interfiicial concentration, Ci. 
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Figure 5-m-Hydroxybenzoic acid concentration in Compartment I 
as a .fiinctioii of time obtained in the descending column model. The 
plateau ralue is the effectioe iiiterficial concentration, Ci. 


The column was removed from its support in the oven and the 
samples were withdrawn using the 5-ml. syringes. Following proper 
dilution, the contents were assayed spectrophotometrically. 


Experimental results from ascending dissolution studies were 
compared to concentrations predicted by Fick's second diffusion law 
with a concentration-dependent diffusion coefficient using the solu- 
tion to Fick's equation as previously reported (1). Experimental re- 
sults from descending dissolution studies were compared to the con- 
centration gradient predicted by the telegraph equation using the 
appropriate initial and boundary conditions (1). All data relevant to 
ascending and descending dissolution studies were analyzed on a 
computer4. 


Vessel Dissolution Model--The vessel dissolution model (Fig. 1)  
was a three-necked, lOOO-ml., round-bottom flask modified to ac- 
cept a stirrer and a Plexiglas die containing a fused tablet. Agitation 
of the dissolution medium was achieved by a stirrer mounted verti- 
cally through the center of the flask. The stirrer consisted of a 0.93- 
cm. (0.38411.) glass shaft with a half-oval-shaped paddle of dimen- 


I 


0 2.5 5.0 7.5 10.0 12.5 15.0 
MINUTES 


Figure 6-Benzamide concentration in Compartment I as a function 
of time obtained in tlie descending column model. The plateau ralue is 
the qffectiw interfacial concentration, C,. 


4 CDC 6500, at the computer center of Purdue University. 


Table 111-Effective Interfacial Concentrations Determined 
in the Descending Column Model 


Saturation Interfacial 
Solubility, C,, Concentration, 


moles/l. C, ,  moles/]. 
Solid x 102 x 103  


Phenacetin 0.53 0.32 
Salicylamide 2 .0  1 . 1  
m-Acetotoluide 4 .1  2.8 
m-Hydroxybenzoic acid 7 . 6  2 .6  
Benzamide 12.5 4 . 0  
2,5-Dihydroxybenzoic acid 18.0 3.6 


sions 2.5 X 7.0 cm. attached to a stirrer motor5. The stirrer paddle 
was immersed to within 3.9 cm. of the bottom of the vessel. The ves- 
sel was filled with 500 ml. of the solvent and the assembly, without 
the die, was lowered into a water bath maintained at  30". The fused 
solid, placed in the die, was then lowered into the vessel and im- 
mersed 1 cm. below the surface of the solvent. The dissolution of the 
solids was conducted under static conditions and 50- and 100-r.p.m. 
stirred conditions in doubly distilled water and 0.1, 0.25, 0.50, and 
1 .O M NaCl aqueous solutions. Dissolution was allowed to proceed 
for 5- or 10-min. intervals, depending upon the solid under investi- 
gation, and then the die-tablet was removed and blotted dry. The 
solution was then stirred at  450 r.p.m. for 1 min. A 2- or 5-ml. sample 
was then removed and diluted where necessary prior to spectropho- 
tometricassay. The solution in thevessel was allowed to becomestatic 
and the die-tablet was replaced. Dissolution was then allowed to 
occur for another 5- or 10-min. period. This procedure was carried 
out for a total of 1 hr. dissolution time for each solid in each sol- 
vent. 


RESULTS AND DISCUSSION 


Ascending Column Dissolution-Since an extensive study concern- 
ing the conditions and w e  of Fick's second diffusion law to predict 
the concentration profile as a function of time and distance has been 


9 30 
0 '  z :  


0 15 30 45 60 75 90 105 120 
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Figure 7-Relatioiiship between the distance of the pheiiacefin solute 
front from the tablet source and dissolution time in tlie descending 
column. The indicated limits are the geometrical limits indicatice of 
the length of the column compartments arid are not statistical limits. 
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Figure 8-Comparison of theoretical (-) and experimental (0) 
concentration gradients for pheiiacetin descending dissolution at the 
end of 45 miti. The theoretical concentration is that predicted by the 
telegraph equation ( I ) .  


5 Stedi-Speed Adjustable Stirrer, Fisher Scientific Co., Chicago, Ill. 


Vol. 61, No. 10, October I972 0 1591 







Table IV-Velocity of the Solute Front Passing down the 
Dissolution Column 


Solute Velocity, cm. sec.-1 x 1 0 2  


Phenacetin 
Salicylamide 
m-Acet ot oluide 
Benzamide 


0.478 
1 .596 
1.267 
4.166 


completed (I) ,  validation of diffusion control in the ascending col- 
umn model was sought for only one time period for several solids. 


The solution concentration at  any point in the dissolution column 
depends upon which of the rate processes, the interfacial rate or the 
diffusion rate, is faster. When the interfacial reaction rate is fast 
compared to the diffusional rate, the experimentally determined con- 
centration would equal the theoretical concentration as predicted 
by the presence of a saturated layer. If the interfacial rate is slow 
compared to the rate of diffusion, the experimentally determined 
concentration obtained would be much less than the theoretical 
concentration predicted on the basis of a saturated layer model. 


A comparison of the theoretically predicted amount dissolved 
using Fick's second law and the experimental amount dissolved for 
benzamide, salicylamide, phenacetin, and macetotohide is shown 
in Table 11 for various dissolution time periods. This excellent agree- 
ment shows that under ascending model conditions the dissolution 
process is diffusion controlled and mathematically described by 
Fick's second law of' unidimensional diffusion. As diffusion control 
of this model is apparent, the mass transfer step of the dissolution 
process is the controlling factor. 


Descending Column Dissolution-In the descending model, the 
solid surface and solid-liquid interface are a t  the top of the liquid 
column and the solute moves in a downward direction following dis- 
solution. It was anticipated that the mass transfer step would be fast 
in relation to the solid-liquid interaction or solvation rate. The sol- 
ute concentration in the first compartment adjacent to the solid sur- 
face verifies the slow interfacial reaction rate because it is far less 
than saturation and attains a plateau value with increasing dissolu- 
tion time periods for each solid studied (Figs. 2-6). This concentra- 
tion, less than saturation, is apparently in equilibrium with the solid 
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Figure 9-Comparison of theoretical (-) and experimetital (0) 
concentration gradients for m-acetotoluide descending dissolution at 
the end of 30 min. The theoretical concentratioti is that predicted by 
the telegraph equation ( I ) .  
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Figure 10-Compurisoii of theoretical (----) and experimental (0) 
concuit~rrrtion grudierrts f i r  strlicylamide descending dissolution at the 
rwd of30 miti. The theoreticnl concmtrution is rhnt predicted by the 
telegruph eqirution ( I ) .  
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Figure 11-Comparison of theoretical (&-) and experimental (0) 
concentration gradients for  benzamide descetiding dissolution at the 
end of 7.5 min. TI7e theoretical concertrrution is that predicted by the 
telegraph rquution ( I ) .  


surface and is interpreted as being the effective concentration exist- 
ing at  the solid-liquid interface. In addition, it represents the effec- 
tive concentration available to the bulk solution a t  this interface 
(Table 111). 


The development of an  equilibrium concentration in the first 
compartment during descending dissolution is obviously not as- 
sociated solely with the original solid studied, m-acetotoluide (1). 
Instead, Figs. 2-6 clearly show that, in addition to in-acetotoluide, an 
equilibrium concentration is obtained for each solid, the rnagni- 
tude of which varies from solid to solid. It would appear from this 
that the equilibrium concentration developed in the first compart- 
ment, which was previously equated to the effective interfacial con- 
centration, is dependent on the nature of the dissolving solid. It will 
be shown below, when using the vessel dissolution model, that as- 
suming the equilibrium concentration in the first compartment of the 
descending model to be equal to the effective interfacial concentra- 
tion of solute, C,, is justified. 


The concentration gradients developed in the descending column 
model reveal a rather abrupt drop in solute concentration at  some 
time-dependent distance from the tablet source for all solids studied. 
This was observed previously for m-acetotoluide (1). If the distance 
a t  which this abrupt drop in concentration occurs is plotted as a 
function of time, a linear relationship can be seen. The slope of this 
graph is the velocity of flow of the solute front from the solid-liquid 
interface into the bulk of the dissolution medium (Fig. 7). The limits 
presented in Fig. 7 are the geometrical limits involved with the length 
of the compartment and are not statistical limits. Velocity values for 
several of the solids investigated were determined in this manner and 
are presented in Table IV. 


The descending column model represents a physical system 
where two miscible liquids are in contact. These two miscible liquids 
are the solvated solute solution and the pure bulk solution. When 
the solvated or hydrated solute molecules flow through the station- 
ary liquid solvent, the fluid elements or holes comprising the liquid 
solvent can act as a channeling or dispersion medium. The ability of 
the liquid solvent to channel or disperse the hydrated solute as the 
hydrated solute passes down the column may be considered analo- 
gous to the flow of a liquid through a porous bed of solid material. 
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Figure 12-Comparison of theoretical (-) and experimental (0) 
dissolution rates of phenaceti17 cis cr function of solrrbiliry, C,.  Tl7e 
theorerical line is that predicted b j  Eq. I usirrg the calire of C ,  deter- 
mined by the column dissolution model. Key: I ,  0 r.p.m.; 2, 50 r.p.m.; 
and3,IOO r.p.m. 
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1.6 c 1 Table V-Correlation Coefficients for Experimental Verification 
of Eq. 1 Using Vessel Dissolution Model 


---Agitation Conditions---- 
Solid Static 50 r.p.m. 100 r.p.m. 


Phenacetin 0.970 0.994 0.998 
Salicylamide 0.995 0,996 0.996 
m-Acetotoluide 0.998 0.998 0.995 
Benzamide 0.988 0.992 0.996 


01 '- I I I 
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SOLUBILITY, g. rnl.? X 108 


Figure 13-Comparison of iheoretical (-) and experimental (0) 
dissoluiioil rates of' m-aceioioluide as a funciion of solubiliiy, C , .  
The tlieoreiical line is ihai predicted by Eq. I using the value of Ci 
deiermined by the column dissolution model. Key: I ,  0 r.p.m.; 2, 
SO r.p.m.; und3,IOO r.p.m. 


Previous utilitzaion (1) of the random-walk model with autocorre- 
lation for a flow-through porous medium as applied to the descend- 
ing method gave encouraging results. Application of the random- 
walk model with autocorrelation is consistent with the physical 
phenomena that occur during descending column dissolution. The 
abrupt drop in solute concentration at  some time-dependent distance 
from the solid surface strongly suggests a solute front traveling 
through the medium with a finite velocity. In addition, as the mis- 
cible hydrated solute front passes through the liquid medium,it mixes 
and is dispersed among the liquid elements. The random-walk model 
with autocorrelation does not involve the asymptotical approach to 
zero concentration inherent in the solution of the diffusion equation 
but rather predicts a solute front with finite concentration as a func- 
tion of distance and time. 


A comparison of the concentration profiles predicted by the tele- 
graph equation and the experimentally determined profiles are 
shown for a representative time period for four solids (Figs. 8-1 l), 
illustrating the most accurate (Figs. 8 and 9) and least accurate (Figs. 
10 and 11) fit of the data. 


The precision with which the random-walk model with autocor- 
relation fits the descending column model is apparently dependent 
on the nature of the solute. An extremely accurate fit was obtained 
for phenacetin(Fig. 8), while deviations were observed for benzamide 
(Fig. 11). Deviations of this type are to be expected, however, due 
to the nature of a flow-through porous medium which is dependent 
on the microdynamics of fluid flow-through channels in the porous 
medium, Consequently, this deviation from the theoretically pre- 
dicted curves may be a result of the hydrated solute state of the 
solids, the hydrodynamics of the flowing solute front, or the nature 
of the stationarv dispersion medium. 


Since the velocity determination of the solute front passing 
through the column is made experimentally and used in the predic- 
tion of the theoretical curve, the apparent abrupt drop in concentra- 
tion observed in the column may not represent the true position of 
the distinct solute front, It is possible in certain cases that the sol- 
vated solute moves faster in the center of the column than it does 
near the column wall. This phenomenon is observed in many cases 
of flow-through horizontal cylinders and results in the establishment 
of an elongated parabolic solute front. 


I f  this phenomenon were to occur, it would be expected for those 
solids that pass quickly through the column and are not adequately 
dispersed to form a distinct solute front. In such cases, radial diffu- 
sion of the solute is slow compared to the velocity component of sol- 
ute flow. When the solvated solute passes through the column a t  a 
slower velocity, the effect of radial diffusion should be more ap- 
parent and there should begreater dispersion from the center of the 
column to the walls of the column. This would predict a more dis- 
tinct demarcation line between the solute front flowing down the 
column and the stationary liquid medium in the column. 
In addition, a nonuniform density distribution of the flowing sol- 


vated solute, when combined with gravitational forces, could cause 


the higher density solvated solute particles to flow through the me- 
dium a t  a greater rate than less dense solvated solute. It is difficult to 
determine the effect of density differences in descendng dissolution, 
since no significant difference appears to exist between solution den- 
sities of the solutes corresponding to the effective concentration at 
the solid-liquid interface. However, the solution densities were de- 
termined by the pycnometer method, which may lack sufficient 
accuracy to delineate the true dependence of solute flow on the den- 
sity differences arising from changing concentration gradients. 


Vessel Dissolution hlodel-Equation 1 predicts that the dissolu- 
tion rate should approach zero as C,$ approaches C ,  for an interfa- 
cially controlled dissolution process. I f  the effective interfacial con- 
centration, C , ,  is a characteristic of the solid under interfacially con- 
trolled conditions, it should remain essentially constant during the 
dissolution process regardless of agitation conditions. This is also 
true for the saturation solubility C,. 


With C, and C; constant, a theoretical line describing the dissolu- 
tion rate-solubility relationship can be drawn from Eq. 1 utilizing a 
dissolution rate U ~ Y S U S  solubility (C,) graph. This line can be drawn 
using the dissolution rate of the solid in pure water and, using the 
value of C ,  from the column model, the zero dissolution rate pre- 
dicted by Eq. 1 when C, = C , .  The dissolution rates of the solid, as a 
function of decreasing solubility of the solid, should then fall along 
this theoretical line. 


To test the validity of this hypothesis, the dissolution rates of sev- 
eral solids from fused disks were determined under conditions of 0-, 
50-, and 100-r.p.m. agitation in a round-bottom flask and, using the 
dissolution rate U ~ Y S U S  C ,  relationship described above, the experi- 
mental data were compared with the theoretical line predicted by 
Eq. 1. The results are shown in Figs. 12 and 13. Similar results were 
obtained for m-acetotoluide and salicylamide. 


Table V shows the correlation coefficients for the data in Figs. 12 
and 13. It is obvious that excellent agreement exists between the 
mathematical model (Eq. 1) and the experimental data. The concept 
of an effective interfacial concentration at the solid-liquid interface 
that is less than saturation has, therefore, been experimentally con- 
firmed for several solids having solubilities ranging from 0.005 
to 0.1 20 mole/l. 
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Antimicrobial Activity of Mushroom Metabolites 


R. G. BENEDICT and L. R. BRADY* 


Abstract Two styrylpyrone, three terphenylquinone, and six di- 
phenyl-substituted tetronic acid derivatives were tested for in vitro 
antimicrobial activity. The best inhibitory responses were seen with 
hispidin, bisnoryangonin, and vulpinic acid against Gram-positive 
organisms, including the acid-fast Mycobucterium smegmatis, 
and with atromentin against the acid-fast bacterium, the Gram- 
negative organisms, and Cundidu ulbicatrs. However, all of the ob- 
served activities were low relative to those normally associated with 
clinically useful antibiotics. 


Keyphrases Antimicrobial activity-mushroom metabolites 
screened Antibiotics--selected mushroom metabolites screened 
for antimicrobial activity 0 Mushroom metabolites-screened for 
antimicrobial activity Basidiomycetes-metabolites screened for 
antimicrobial activity 


Large-scale screening programs of the 1940's for the 
detection of antibiotic activity included a variety of 
fleshy basidiomycetes (1-3). A number of more recent 
reports recorded additional general observations of 
microbial antagonism with basidiomycetes (4-7). Un- 
fortunately, the identities of the basidiomycete metabo- 
lites responsible for the antimicrobial effects are still 
unknown in most instances. 


The polyacetylenes are the most extensively charac- 
terized group of antagonistic mushroom constituents. 
More than 50 of these unsaturated antibiotic substances 
are known from one or more species of Aleurodiscus, 
Clitocybe, Coprinus, Cortinellus, Daedalea, Marasmius, 
Merulius, Pleuro [us, Polyp0 rus, Poria, Psa th y rella, and 
Tricholoma(8-10). Other known antagonistic compounds 
from basidiomycetes include the phenolic metabolites, 
fomecin A from Fomes juniperinus ( 1  1) and grifolin 
from Grifola confluens ( I  2); various substituted phenyl- 
glyoxylic acids from Polyporus tumulosus (13); the 
purine, nebularine, from Cliiocybe nebularis ( 1 4 ) ;  such 
quinones as 5-methoxy-p-toluquinone from Coprinus 
similis and Lentinus degener ( I  5 ) ,  2,5-dimethoxybenzo- 
quinone from Lenzifes rhermophila (16), and 6-methyl- 
1,4-naphthaquinone from Marasmius graminum (17); 
and the terpenoid derivatives. fomannosin from Fomes 
annosus (18), illuden M and S from Clitocvbe illudens 
(19), lactaroviolin from Lacfarius deliciosus (20, 21), 
and marasmic acid from Marasmius conigenus (22). 


The authors are interested in the occurrence and 
properties of phenylpropanoid-derived fungal constit- 
uents of the styrylpyrone (23. 24), terphenylquinone 
(25 ,  26), and diphenyl-substituted tetronic acid types 
(27, 28). Examination of the literature revealed only 
limited information on the antimicrobial properties of 
such constituents. Hispidin, a styrylpyrone, may be 
responsible for the antibacterial antagonism noted with 
extracts of Poljyorus schweinifzii (29), and 7,8-dihydro- 
kawain, a related kava constituent, exhibited antifungal 
action against Aspergillus niger (30). The broad-spec- 
trum antimicrobial action of the angiosperm constituent, 
obtusastyrene, and some related cinnamylated phenols 


(3 I ,  32) may provide a further indirect suggestion of the 
potential antibiotic capabilities of styryl derivatives. 
Polyporic acid, a terphenylquinone, allegedly has anti- 
bacterial properties (33); and antibacterial antagonism 
against a few diverse organisms (both Gram negative 
and Gram positive) has been reported for pulvinic and 
vulpinic acids (34, 3 9 ,  diphenyl-substituted tetronic 
acids occurring in certain lichens. 


The accumulation of small quantities of various sty- 
rylpyrones, terphenylquinones, and tetronic acids 
prompted their evaluation for aiitimicrobial activity. 


EXPERIMENT AT. 


Materials and Methods-The styrylpyrones, terphenylquinones, 
and diphenyl-substituted tetronic acid:; were accumulated from var- 
ious sources during other studies on basidiomycete metabolites. 
Vulpinic acid was purchased commercially'. Atromentin, aurantia- 
cin, and thelephoric acid were isolated from carpophores of members 
of the Hydnaceae(25,26); xerocomic acid was obtained fromPuxillus 
cultures (27, 28); and hispidin and bisnoryangonin came from 
Gymnopilus species (33). Polyporic acid was synthesized for refer- 
ence purposes from 2,5-diphenyl-l ,%benzoquinone2 using an  estab- 
lished procedure (36). Known procedures were also used to prepare 
reference samples of atromentic acid lactone, atromentic acid, pul- 
vinic acid lactone, and pulvinic acid; isolated atromentin and syn- 
thetic polyporic acid were oxidized with hydrogen peroxide (37) and 
lead tetraacetate (36),  respectively, to yield the lactones, and alkaline 
hydrolysis followed by acidification converted the lactones to the 
corresponding acids. 


Bacillus subtilis UW M3, Stuphylococcus aureus ATCC 6538-P, 
Mycobacterium smegmuiis UW M, Etrterobucter aerogenes UWM, 
Escherichia coli UWM, Pseudomonirs fluorescens NRRL B- 11, 
and Candidu ulbicans UWM were sdected as representative test 
organisms for determining indications of antimicrobial activity. 
A serial dilution technique was used for the tests; solubility con- 
siderations with some compounds suggested 100 mcg./ml. as the 
maximum feasible concentration for the studies and necessitated 
the use of such solubilizing agents as acetone, methanol, and 10% 
NaHC03 (Table I). Preliminary control tests revealed no microbial 
contamination of the compounds to be tested and no inhibitory 
activity due to  the small quantities of carrier solvents, but ap- 
propriate controls were routinely included with all studies. Pyridine 
was the only solvent suitable for dissolving the unusually insoluble 
thelephoric acid, and the antimicrobial effect of this solvent under 
the experimental conditions precluded any reliable evaluation of 
this fungal constituent. 


Difco nutrient broth, containing 0.15% of Difco yeast extract, 
was used as the culture medium; 1.8-1111. volumes of the nutrient 
broth were transferred to sterile 10 X 100-mm. culture tubes, and 
200 mcg. of a test compound dissolved in 0.2 ml. of a carrier solvent 
(sterile water, filter-sterilized 10% NaHC03, or an appropriate 
organic solvent) was added to each tube. The serial dilutions 
were prepared by transferring successively half of the contents of 
each tube to a series of tubes containing 1 ml. of sterile nutrient 
broth. This resulted in broths with 100, 50, 25, 12.5, and 6.25 mcg./ 
ml. of the various compounds. 


Inoculum was prepared by growing the organisms in 20 ml. of 
nutrient medium for 30 hr. at 30" and 200 r.p.m. on a shaker'; 


1 Carl Roth OHG, Karlsruhe, West Gcrmany. 
2 Aldrich Chemical Co., Inc,, M,ilwaukce, WI 53233 
3 UWM = University of Washington. Department of Microbiology 


standard strain; ATCC = American Type Culture Collection. Rock- 
ville, M D  20852; NRRL = Northern llegional Research Laboratory, 
U. S. Department ofAgriculture, Pcoria. IL  61604 


4 New Brunswick Psycrotherm shakei. model (3-27. 
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Table I-Observed Antimicrobial Activity as Minimal Inhibitory Concentrations (mcg./ml.) 


M.  smeg- E.  aero- Ps. fluores- C. albi- Con- 
Agent B. suhtilis S.  aureus matis genes E.  coli cens cans trola 


Solubilizing 


St yrylpyrones 


Terphenylquinones 


Hispidin Methanol 50-100 50-100 25-50 > lo0  >I00 > I 0 0  >I00 - 
Bisnoryangonin Methanol 5G100 25-50 12-25 > l o 0  >I00 >I00 >I00 - 


Atromentin 10% NaHCOj >I00 >lo0 25-50 5G100 5Ck100 25-50 25-50 - 
Aurantiacin Acetone >I00 > I 0 0  >loo >I00 >I00 >loo > I 0 0  - 
Polyporic acid IO%NaHCO, >100 > I 0 0  50-100 >I00 >I00 50-100 50-100 - 


Diphenyl-substituted tetronic 
acids 


Atromentic acid Water >I00 >I00 >lo0 >I00 >lo0 50-100 50-100 - 
Atromentic acid lactone Acetone > I 0 0  >I00 50-100 >I00 > lo0  50-100 >lo0 - 


Pulvinic acid lactone Acetone > I 0 0  >I00 50-100 > I 0 0  50-100  > 1 0  50-100 - 
Vulpinic acid Acetone 12-25 25-50 25-50 >I00 >I00 >I00 > l o 0  -- 


Pulvinic acid 1 0 % N a H C 0 3  >lo0 >lo0 > I 0 0  > I 0 0  > I 0 0  50-100 5G100 - 


Xerocomic acid Water >I00 >lo0 >I00 >I00 > lo0  50-100 >lo0 - 
Controlb +++ +++ ++ +++ +++ +++ +++ 


0 12.5 incg./nil. ot'compounds, but no test organism added. b No test compounds added; +++ = heavy growth. 


I drop of a 1 :200 dilution of the microbial cells, except for M. 
sniegmuris, was used to  inoculate each tube. Undiluted inoculum 
ivas employed for the slower growing M. smrgmutis. Control tubes 
containing no test compounds were included to ensure the viability 
of the test organisms, and uninoculated tubes containing 12.5 mcg./ 
ml. of the test compounds provided a degree of control against 
microbial contamination. The inoculated cultures and the un- 
inoculated controls were incubated at  32" for 16 hr. and examined 
visually for growth of microorganisms. Growth, when observed, 
was judged arbitrarily to be weak (+), moderate (++), or heavy 
(+ + +), and the minimal inhibitory concentrations were recorded 
(Table I) .  In dilution series where, for example. no growth was ob- 
served at  50 mcg./ml. and weak growth was observed at  25 mcg./ 
ml., the minimal inhibitory concentration was recorded as 25-50 
mcg./ml. 


RESULTS AND DISCUSSION 


The best in cirro antimicrobial activity (Table I) was seen with 
hispidin, bisnoryanyonin, and vulpinic acid against Gram-positive 
test organisms, including the acid-fast M. srnegmatis. Atromentin 
exhibited some activity against the acid-fast bacterium, the Gram- 
negative organisms, and C.  albicans, but no antagonism was de- 
tected with aurantiacin (atromentin-2,5-dibenzoate). Only marginal 
inhibitory effects were noted with atromentic acid, atromentic acid 
lactone, pulvinic acid, pulvinic acid lactone, polyporic acid, and 
xerocomic acid. However, all of the observed activities were low 
relative to the 0.02 -2.O-mcg./ml. range of minimal inhibitory con- 
centrations against sensitive organisms which are characteristic of 
such clinically useful antibiotics as the penicillins and tetracyclines. 


The results provide experimental evidence lor associating a low 
level of antibiotic activity with various styrylpyrone, terphenyl- 
quinone, and diphenyl-substituted tetronic acid derivatives. This 
information may provide academic clarification, a t  least in part, 
for observations of antimicrobial activity with some fungi. The 
activity of several compounds against the acid-fast test organism 
may have some significance, but none of the experimental obser- 
vations advances strong justification for further study of the anti- 
microbial properties of these phenylpropanoid-derived fungal 
constituents. 
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Mass Spectrometric Identification of Methylxanthines and 
Methyluric Acids, the Possible Metabolites of Caffeine 


G .  S. RAO*., K .  L. KHANNAt, and H. H. CORNISH1 


Abstract fl A rapid and direct mass spectrometric method for the 
identification of caffeine and its 15 possible metabolites formulated 
as tri-, di-, and monomethyl derivatives of xanthine and uric acid 
is described. With the exception of uric acid and its 7-methyl deriva- 
tive, the molecular ion itself was found to be the base peak in the 
mass spectra of all of the compounds studied. Fragmentation 
mechanisms,along with therelative intensitiesof the major fragments 
and data on metastable ions useful in the identification of these 
compounds, are reported. 


Keyphrases Caffeine metabolites, possible-mass spectrometric 
identification of methylxanthines and methyluric acids 0 Methyl- 
uric acids-mass spectrometric identification, possible metabolites 
of caffeine 0 Methylxanthines-mass spectrometric identification, 
possible metabolites of caffeine 0 Mass spectroscopy-identifica- 
tion of methylxanthines and methyluric acids as possible rnetabo- 
lites of caffeine 


The versatility of mass spectrometric techniques in 
the identification of trace quantities of drugs and drug 
metabolites is well recognized (1-4). As a part of studies 
on caffeine metabolism (5 ) ,  the mass spectrometric 
identification of caffeine metabolites was investigated, 
and this paper describes the procedure for the identifica- 
tion of caffeine and its 15 possible metabolites contain- 
ing an intact purine ring. Since N-dealkylation is a com- 


mon metabolic reaction, the mass spectrometric be- 
havior was studied of all possible tri-, di-, and mono- 
methyl derivatives of xanthine and uric acid as well as 
the two parent compounds. Of these 16 compounds, 
caffeine, theobromine, theophylline, xanthine, and uric 
acid were previously subjected to mass spectrometric 
studies (6-9). 


RESULTS AND DISCUSSION 


Due to the presence of heteroaromatic rings, purine derivatives 
generally form highly stabilized molecular ions under electron im- 
pact. All the methylxanthines and meihyluric acids studied were 
found to exhibit intense molecular ions in their mass spectra; with 
the exception of uric acid and its 7-methyl derivative, the molecular 
ion itself was the base peak in all of the spectra. Tables I and I1 list 
the major peaks observed in the mass spectra of the 16 compounds 
studied. Schemes 1-111 describe the proposed fragmentation path- 
ways leading to  the various peaks seen in the spectra. The suggested 
fragmentation steps are supported by the presence of requisite 
metastable ions in the spectra of all the compounds examined and 
these are listed in Tables 111 and IV. 


The results are in good agreement with the earlier mass spectral 
studies (&9) on caffeine, theobromine, 1 heophylline, xanthine, and 
uric acid derivatives (Schemes 1-111). A molecule of either methyl- 
isocyanate or isocyanic acid is first expelled from the molecular 
radical ions (a  and d) ,  depending upon the presence or absence of the 


nt 


R’ 
a 


O+ 
111 


R R 
b 


Sckenie I 
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Pralidoxime Methanesulfonate: Plasma Levels and 
Pharmacokinetics after Oral Administration to Man 
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Abstract 0 A new oral preparation of pralidoxime methanesul- 
fonate was administered to  20 normal volunteers. The six subjects 
who ate before receiving the compound had higher plasma con- 
centrations than those who had fasted. The biological half-time 
was 1.52 hr., and 31.9% of the dose was recovered in the urine. 
The renal clearance was 4.1 times the clearance of endogenous 
creatinine, and the volume of distribution was greater than the 
body volume. Plasma concentrations were equivalent on  a molar 
basis to a comparable dose of pralidoxime chloride. 


Keyphrases 0 Pralidoxime methanesulfonate-plasma levels and 
pharmacokinetic parameters after oral administration, compared 
t o  pralidoxime chloride, man 0 Plasma levels-pralidoxime 
methanesulfonate after oral administration, man 0 Absorption- 
pralidoxime methanesulfonate after oral administration, compared 
to pralidoxime chloride, man 0 Urinary excretion-pralidoxime 
methanesulfonate after oral administration, man 0 Oximes, 
pralidoxime methanesulfonate-plasma levels and pharmaco- 
kinetic parameters after oral administration, compared t o  prali- 
doxime chloride, man 


The oximes are valuable adjuncts to an anticholiner- 
gic drug in the therapy of anticholinesterase poisoning. 
For various reasons, there is not agreement from country 
to  country on the oxime of choice. For example, in the 
United States, pralidoxime chloride (2-formyl- l-methyl- 
pyridiniumchloride oxime) is the only oximecommercially 
available. In most of Europe, toxogonin [bis(4-hy- 
droxyiminomethylpyridinium-1-methyl) ether dichlo- 
ride] is the preferred compound; and in Great Britain 
and Canada, the methanesulfonate salt of pralidoxime 
is the one most commonly used. 


Overall, there is probably little inherent therapeutic 
advantage of one oxime over another. Toxogonin is 
reportedly more potent ( I ,  2) (i.e., a lower dose is re- 
quired for therapeutic activity) but causes more side 
effects (at least in nonpoisoned subjects) and is poorly 
absorbed when taken orally (3). There seems to be little 
difference in therapeutic activity between the pralidox- 
ime salts (4), and there are few data on which to base a 
direct comparison of pharmaceutical preparations. 


This study was undertaken to evaluate a new oral 
preparation of pralidoxime methanesulfonate and to 
compare it with a commercial preparation of pralidox- 
ime chloride studied earlier (5 ) .  


being accepted into this study and who volunteered for the study 
after it was fully explained to themz. 


Materials-The pralidoxime rnethanc:sulfonate was in tablets', 
each containing 400 rng. of drug and 71 mg. of excipient with a 
dimethylaminoethyl methacrylate coating. Analysis indicated a 3 
variation in active compound. Because the doses ranged from 2 to  8 
g., the subjects took from 5 to 20 tablets over a 1-2 min. period. 


Procedure-The tests were conducted in a hospital-type ward, 
with trained nurses and technicians in attendance at all times. The 
subjects were admitted the evening before the test and remained for 
24 hr. after drug administration. They were awakened 1-2 hr. before 
receiving the drug, and control measurements of heart rate and 
blood pressure were made. 


Fourteen subjects received no solids fiom 8 hr. before until 3 hr. 
after drug administration; six subjects ate breakfast (bacon, eggs, 
and toast) about 30-45 min. before the drug. All subjects were en- 
couraged to  drink approximately 1 1. of fluid during the 2 hr. before 
they received the drug and 250 ml. every 30 min. thereafter for 7 
hr., mainly in the form of fruit juices and carbonated beverages. 


AGRAMS 3 


EXPERIMENTAL 


Subjects-The subjects were healthy young men (ages 2@24), who 
underwent thorough physical and laboratory examinations' before 


0 1 2 3 4 5 6 7 
HOURS 


Figure 1-Pralidoxime rnethanesirlfonate: mean plasma concentra- 
tions versus time. 


I Chest X-ray, ECG, routine urinalysis including microscopic ex- 
amination. hematocrit. hemoglobin, total and differential white blood 
cell counts, serum glutamic oxaloacetic transaminase (SGOT). blood 
urea nitrogen (BUN), creatinine, alkaline phosphatase. bilirubin. 
albumin, globulin, and serum (butyrl) and red cell (acetyl) cholin- 
esterase. 


2 The volunteers in these tests were enliitrd U. S. Army ersonnel. 
These testswere governed by the principles, policies, and rules &r medical 
volunteers as established in  AR 70-25 and the Declaration of Helsinki. 


3 Developed, manufactured, and supplied by Philips-Duphar. 
Amsterdam. The Netherlands. 
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Table I-Urinary Excretion of Pralidoxime Methanesulfonate 


Percentage 
Amount Excreted, Z of Total of Dose Amount 


Time, hr.- Excreted Excreted 
Dose, g. 1 2 3 4 5 6 7 by 24 hr. by 24 hr., mg. 


Fasting 
2 


4 


6 


8 


Mean 


4 


6 


Mean 


14. 9n 
5.4 


13.5 
2.7 


13.4 
1.4 


12.4 
4.7 


13.7 
3.4 


11.2 
4.1 
8.2 
2 . 2  
9 .7  
3.4 


39.2 
7.3 


36.8 
5.7 


32.6 
3.9 


29.7 
0.4 


35.3 
6.0 


32.9 
4.0 


23.8 
3.9 


28.4 
6.1 


59.7 
7.6 


59.4 
5.4 


53.1 
6.6 


47.8 
3.1 


56.0 
7.2 


48.6 
8.0 


41.4 
4.4 


45.0 
7.0 


71.3 
6.9 


71.5 
3.5 


69.4 
4.9 


60.4 
2.3 


69.2 
5.9 


65.6 
7.1 


61 .O 
6.2 


63.3 
6.5 


Fed 


80.6 
6.7 


79.5 
3.3 


79.0 
3.0 


70.6 
4.9 


78.4 
5.3 


74.0 
3.6 


71.6 
3.8 


72.8 
3.6 


86.4 
6.4 


86.8 
1.9 


84.6 
2.3 


78.0 
1.4 


84.8 
4.5 


81.4 
1.8 


80.4 
2.1 


80.9 
1.8 


89.9 
5.5 


90.2 
2.2b 


88.0 
1.6 


82.3 
2.5 


88.3 
4 .1  


86.1 
1.5 


86.4 
1.3 


86.2 
1.2 


810 Fiq 1115 88 


149 
29.8 1789 
2.6 156 


20.9 1669 
9.5 759 


34.8 1389 
3.3 132 


33 .1  1983 
4.2 254 


Mean of All 
12.5 33.2 52.7 67.5 76.7 83.6 87.7 31.9 


S D  3.8 6.7 8.7 6.5 5.4 4.3 3.6 6.9 


a Mean =k S D .  b p  < 0.05 by r test. c p  < 0.01 by t test. 


Blood was drawn for control and oxime measurements before the 
drug was given and at intervals thereafter for 7 hr. Urine was col- 
lected just before drug administration for routine analysis and as a 
control for oxime content, and the subjects were encouraged to  void 
at hourly intervals for 7 hr. After 7 hr., no schedule was imposed, 
although the time of voiding was recorded. All urine voided for 24 
hr. after the drug was analyzed for oxime content. The oxime con- 
tent of plasma, red blood cells, and urine was measured by methods 
described previously (6). Each urine and blood sample was ana- 
lyzed for creatinine using the Technicon procedure (7). 


Heart rate and blood pressure were measured by the usual tech- 
niques twice on the evening of admission, thrice in the morning 
before drug administration, and just before each blood sampling 
thereafter. Each measurement was taken after the subject had lain 
supine for 10 min. The subjects were not restricted to  bed except for 
10 min. before measurement of heart rate and blood pressure. 


At 24 hr. and at 7 days after the drug, urinalysis (including mi- 
croscopic examination) was repeated and hematocrit, hemoglobin, 
total and differential white blood cell counts, SGOT, alkaline 
phosphatase, and BUN were measured. No abnormalities were 
found. 


Four subjects participated each test day, and at least two doses 
were administered each day. The number of subjects by dose groups 
was four, four, four, and two for 2, 4, 6, and 8 g. fasting, respec- 
tively, and three for each of the fed groups (4 and 6 g.). 


RESULTS 


General-All subjects expressed surprise at  the ease with which 
they were able to swallow the numerous tablets; and all, even those 
who took 20 tablets, were able to swallow the entire dose in less 
than 2 or 3 min., undoubtedly because of the methacrylate coating. 


No subject had any symptoms, GI  or otherwise, during the test 
period. There were no changes in heart rate or blood pressure. 


Plasma Levels-Plasma concentrations of oxime, as the mean 
value for each dose group plotted against time, are shown in Fig. 1.  
The drug was rapidly absorbed, since the plasma levels were ap- 
proximately 50% oftheir maximum within 30 rnin. 


The average subject receiving 6 or 8 g. reached a plasma con- 
centration of 4 mcg./ml. [considered to be a therapeutic level (8)] at 
about 20 min. and maintained a concentration above this amount 
for almost 5 hr. The average subject receiving 4 g. attained the 
therapeutic concentration about 45 min. after ingestion and ex- 


ceeded it for about 2.5 hr. The average subject receiving 2 g. had a 
plasmalevel higher than 4 mcg./ml. only transiently at  2 hr. 


There was no significant difference between the maximal plasma 
concentrations between subjects receiving 6 and 8 g. This correlates 
well with mean urinary excretion of oxime in these dose groups 
(1.79 g. for the 6-g. dose group and 1.67 g. for the 8-g. dose group, 
Table I). 


The nonfasted subjects had slightly slower absorption (lower 
plasma concentrations at  30 min.) but eventually had higher plasma 
concentrations. The difference was not significant, however (0.1 > 
p > 0.05 by t test between maximal measured plasma concentrations 
of the fasting and fed subjects). 


The slowing of gastric motility produced by the food may have 
allowed more time for absorption. One practical implication of this 
finding is that whether the subject has been fasting or eating makes 
no difference in the blood level of ingested oxime. 


l1 r 


y = 6.19 LOL 
r 0.88 0 


0 FASTING SUBJECT 
0 FED SUBJECT 


20 30 40 50 60 70 80 100 150 
DOSE, mg./kg. 


Figure 2-Pralidoxime methanesulfonate: maximal measured plasma 
coticentration for each subject (the regression line calciilation did 
riot include the fed subjects). 
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Table II-Urinary Clearance of Pralidoxime Methanesulfonate 


Case Number ClOxa, ml./min. Cloxb, ml./min. Clare, ml./min. C l o x l C l a r  


3541 
3542 
3546 
3551 
3547 
3 540 
3539 
3553 
3550 
3549 
3552 
3548 
3555 
3554 
3560 
3558 
3561 
3556 


537 f 60d 
573 f 196 
461 f 25 
688 f 163 
561 f 87 
648 f 62 
555 f 37 
935 f 550 
677 f 233 
623 f 66 
541 f 97 
553 + 166 
680 f 227 
397 f 94 
586 f 65 
617 + 204 
479 f 42 
6 2 9 f  164 


514 
535 
466 
680 
58 1 
656 
551 
874 
708 
645 
566 
609 
561 
392 
606 
661 
487 
668 


125 f 12.4 
124 f 35 
154 f 14 
139 =t 22 


4.1 f 0 . 4  
4 . 7  f 0 . 5  
3 . 0  f 0 . 3  
4 . 9  f 0 . 5  


I25 f 24 4 . 2  f 0 . 7  
147 f 17 4 . 6  z t 0 . 6  
144 f 9 3 . 9  f O . 1  
I67 f 5 3 . 9  zt 0 . 6  
144f 12 4 . 6  f 1 . 6  
151 f 5 4 . 2  =k 0 . 6  
I30 f 14 4 . 2  f 1.0 
125 i 25 4 . 4  i 0.4  
147 f 56 4 . 7  i 0 . 8  
95 f 30 4 . 3  f 1.0 


180 f 6 
125 i 40 
161 & 19 
17031 13 


3 . 3  f 0 . 5  
5 .1  i 1 . 1  
3 . 0  f 0 . 4  
3 . 7  f 0 . 7  


3557 555 & 152 590 158 f 14 4.1 f 0 . 9  
3559 492 + 67 500 1 5 2 i  6 3 . 3  f 0 . 5  


4 .10  f 0.61  Mean of all +SD 576 f 80 593 f 104 143 f 20 


Renal clearance of oxirnr as C1 = U V / P .  b Renal clearance of oxime calculated as slope of rate of urinary excretion L;crsus plasma concentration. 
c Renal clearance of creatinine. d Mean (of at least four values) *SD. 


The highest plasma oxime concentration measured for each sub- 
ject is plotted against his dose in Fig. 2. (When the regression line 
was calculated, data on the subjects who had eaten were excluded.) 


Urinary Excretion-The mean percentage of the dose found in 
the urine over the 24-hr. period was 31.9, and 52.7% of this amount 
appeared within 3 hr. Table I shows the excretion data as the per- 
centage per hour for the first 7 hr. and as the percentage of the dose 
excreted by dose group. 


The percentage of the dose excreted decreased with increasing 
dose, although the only significant differences (by f test) were 2 g. 
cersus 4 and 6 g. ( p  < 0.01 in each case) and 2 g. versus 8 g. ( p  < 
0.05) (Table I). This result was reported previously for pralidoxime 
chloride and may be due fo a saturation of the absorption sites or 
an increase in elimination by other routes. The lack of a propor- 
tional increase in plasma concentration as the dose was increased 
from 6 t o  8 g. suggests the former. 


Renal Clearance-The renal clearances of oxime and creatinine 
were calculated by the formula: 


where CI, is the renal clearance of compound x ,  U, is the urinary 
concentration of x, V is the volume of urine produced per unit time, 


(DI = . 5 MINI 


L \ 


q , , , , , , 
0 1 2 3 4 5 6 7 


HOURS 


Figure SPralidoxime methatresulfotiate: calculation of pharma- 
cokinetic cotistantsfor a typical subject. 


and P ,  is the plasma concentration of x at the midpoint of the col- 
lection interval. 


The P, for oxime and creatinine was estimated from plasma con- 
centrations measured hourly; since the plasma level of oxime was 
changing rapidly during the absorptive phase, only the values in or 
near the postabsorptive phase were used (arbitrarily, absorption 
was considered to  becomplete by 4 hr.). 


Table I1 gives these clearance values and the ratio of oxime to 
creatinine clearance (no corrections for body surface area were 
made). Since endogenous creatinine clearance is an approximate 
measure of glomerular filtration rate, the clearance ratio of 4.1 in- 
dicates that the oxime must be actively secreted by renal tubular 
cells. This ratio approaches that ofpamrnohippuric acid clearance to 
creatinine clearance [which is 5.28 (9)]. Since paminohippuric acid is 
a measure of effective renal plasma flow. this indicates that pralidox- 
ime methanesulfonate is rather efficiently extracted from the plasma 
during its passage through the kidney. 
In pharmacokinetics the renal clearance is taken as the slope of 


a regression line calculated from the rate of excretion of the drug 
uersus the plasma concentration at the midpoint of the collection 
interval. This slope, or clearance, is the product of the elimination 
rate constant, the volume of distribution, and the fraction of drug 
excreted in the urine (10). Table I1 shows the clearances calculated 
by this method. The line (again, using the postabsorptive values 
only) frequently did not pass through the origin, but the 95% con- 
fidence limits of the intercept included zero and the clearance 
shown is the result of forcing theline through the origin. 


The difference between the values for oxime clearance from the 
two methods of calculation was small and insignificant ( p  > 0.5 by 
paired t test). 


PHARMACOKINETIC CONSIDERATIONS 


General-By using the computer program of Mueller and Lieber- 
man4 ( I  1) and the values for plasma levd and time, the constants in 
Eq. 2 were calculated: 


where F = fraction of the dose absorbed, D = dose, V d  = volume 
of distributions, K A  = first-order rate constant for absorption, K D  
= first-order rate constant for elimination, Dt = “lag time” for 
the compound to  appear in the plasma, and Cl = plasma concen- 
tration at  time 1. 


4 Kindly supplied by Mueller and Lieberman. 
6 The volume of distribution IS the hypothetlcal volume in which the 


drug is present in the same concentration in whlch it is present in the 
plasma. 
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This equation describes a one-compartment model with first- 
order absorption and first-order excretion. The data from all sub- 
jects fit satisfactorily. The mean values by dose group for constants 
KA and KD and the ratio FDIVd are shown in Table 111. The data 
points and calculated response line for a typical subject are shown 
in Fig. 3. 


Volume of Distribution-The volume of distribution can be cal- 
culated by several methods. The most direct is to divide the amount 
of drug in the body at time i by the plasma concentration at time t 
at a time when equilibrium has taken place. Although the amount 
entering the body cannot be measured directly when the drug is ad- 
ministered orally, the urinary output often may be assumed to be a 
direct reflection of this amount, Therefore, a good estimate of the 
amount of drug in the body at time t is the total amount excreted 
in the urine minus the amount excreted by time t ;  this amount, 
divided by the plasma level at time t ,  should give a good estimate of 
vd (this ignores the 5-10 min. that the drug is in transit through the 
urinary tract). If the drug is not entirely eliminated through the kid- 
neys, the Vd calculated by this method will underestimate the true 
V d  by a fraction equal to  the fraction of drug eliminated by other 
means. 


By using data from the postabsorptive state (after 3-4 hr.), v d  was 
calculated by this method. The dose group mean values are shown 
in Table 111. 


The volume of distribution can also be calculated from the plasma 
clearance (Po as: PC = Vd x KD. The plasma clearance is tqual 
to the dose divided by the area under the plasma concentration 
versus time curve. Since the exact dose is not known (as the fraction 
absorbed is unknown), the dose was assumed to be equal to  the 
amount excreted (an assumption that will result in an underestima- 
tion of vd). The area under the plasma concentration-time curve 
was estimated by using the integral of the equation for the curve. 


The values of v d  by this method were comparable to those pre- 
viously calculated (Table 111). 


Absorption-The rate constant for absorption, KA, was not sig- 
nificantly different between any dose groups. Although the mean 
value was lower in the fed subjects than in the fasting subjects at the 
same doses, the difference was not significant (0.4 < p < 0.5 for the 
4-g. groups, 0.8 > p > 0.7 for the 6-g. groups, and 0.4 > p > 0.3 
for the combined groups). 


Since the rate constant for elimination is the same for the fed or 
fasting groups, the time to maximal plasma level or f,,,, calculated 
from(10): 


a 
t w -  a 
0 -  ' 5 0 -  
I- z -  
W u -  
w -  
LL 


w -  


a 


Table 111-Pharmacokinetic Data 


100 r r 


0 DATA QOlNf J' DOSE, M E A N  -CALCULATED OF 6 GRAMS 
0 DATA POINI /7 DOSE: M E A N  OF CALCULATED 2 GRAMS 


0- - 
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8  


HOURS HOURS 


Figure 4-Pralidoxime methanesulfonate: calculated versus actual 
urinary excretion. 


might be considered partially as a measure of rapidity of absorp- 
tion. These times are shown in Table 111. The mean times for the 
fasting 4- and 6-g. dose groups were 1.62 and 1.84 hr., respectively, 
and for the fed groups they were 2.02 and 2.22 hr., respectively. 
The differences are not significant (0.1 < p < 0.2 by t test). If one 
combines both dose groups, the differences are significant (fasting 
mean 1.73 hr., fed mean 2.12 hr.; p < 0.05). It is possible that had 
more subjects been used at each dose-ating condition, a more sig- 
nificant difference in absorption rate would have been detected. 


Excretion-The rate constant for elimination, K D ,  was given by 
the computer program; the values are shown in Table 111. There 
were no significant differences between dose groups or between 
groups receiving the same doses but with different eating condi- 
tions. 


An alternative method of calculating KD is from the slope of a 
plot of the rate of urinary excretion in the postabsorptive phase (on 
a logarithmic scale) Dersus time (the midpoint of the collection inter- 
val). Again, absorption was assumed to be complete by 3-4 hr. The 
mean values shown in Table 111 are very similar to those obtained 
from plasma values. The tll2 for elimination based on the plasma 
value calculations is 1.52 hr.; from the urinary excretion rates, it is 
1.60 hr. These half-times are longer than those found for pralidox- 
ime chloride after intramuscular and intravenous administration 
(1.28 and 1.20 hr., respectively) (12), practically identical to those 
for pralidoxime chloride and pralidoxime methanesulfonate given 
orally in aqueous solution (13), and shorter than those for pralidox- 
ime chloride given orally as a tablet (2.70 hr.) (5) .  However, in the 
latter study, plasma concentrations were measured only through 5 
hr. in many subjects, and it is quite possible that not all values 


t ' / 2  t ' / 2  Plasma 
KA, (0.693/KA), KD", (0.693/KD), (FDlVd), KDb, Clearance, 


Dose, g. hr.-l hr. hr. hr. mg,/l. hr.-' tmsx, hr. v d c ,  I./kg. Vdd, l./kg. ml./min. 


2 


4 


6 


8 


Mean 


4 


6 


Mean 


1.028 
1 0 . 4 3  


0.85 
1 0.45 


0.70 
1 0 . 0 9  


0.93 
3ZO. 52 


0.87 
1 0 . 3 1  


0.68 
f0.28 


0.66 
5 0 . 2 5  


0.67 
3~0.24  


0.81 
f.0. 30 


0.76 
1 0 . 2 6  


0.88 
~ t 0 . 2 6  


1.01 
=to. 13 


0.89 
1 0 . 5 0  


0.88 
f0. 25 


1.12 
f.0. 38 


1.19 
1 0 . 5 8  


1.16 
1 0 . 4 4  


0.96 
1 0 . 3 3  


0.47 
1 0 . 1 4  


0.52 
1 0 .  11 


0.47 
f0.08 


0.42 
1 0 .  19 


0.49 
1 0 . 1 1  


0.47 
1 0 . 0 7  


0.34 
1 0 .  06 


0.41 
3Z0.09 


0.46 
xkO.ll 


1.60 
xk0.49 


1.37 
=to. 29 


1.50 
1 0 .  27 


1.83 
1 0 . 8 1  


1.54 
xk I40 


1.49 
f 0 . 2 3  


1.74 
f O .  19 


1.61 
1 0 . 2 3  


1.56 
f 0 . 3 6  


Fasting 
8.82 0.43 


rt1.88 f O . 1 0  
12.56 0.46 


f.2.20 +0.06 
19.07 0.47 


d11.74 +0.06 
17.85 0.45 


=k4.83 1 0 . 0 1  
- 0.45 
- f.0. 06 


Fed 
17.13 0.42 


f.2.63 ir0.06 
1.74 0.40 


k8.88 =kO.O8  
- 0.41 
- 1 0 . 0 6  
Mean of All 
- 0.44 
- &0.07 


1.66 
f.0. 15 


1.62 
f O .  14 


1.84 
1 0 . 1 3  


1.68 
1 0 . 2 7  


1.70 
f.0. 17 


2.02 
f 0 . 4 3  


2.22 
1 0 . 4 9  


2.12 
3 ~ 0 . 4 3  


1.83 
3ZO. 33 


1.27 
1 0 . 8 9  


1.39 
1 0 . 1 2  


1.24 
=to. 22 


1.91 
1 0 . 4 6  


1.31 
=to. 38 


1.33 
*0.11 


1.03 


1.23 
1 0 . 1 9  


1.37 
1 0 .  28 


- 


1.303 


1.169 


1.253 


1.523 


1.282 


k0 .21  


f.0.25 


1 0 . 1 5  


zkO.81 


f 0 . 3 1  


0.996 


1.058 


1.027 


f.0.29 


f O .  30 


~ k 0 . 2 6  


1.205 
f0.31 


720 
f 146 


770 
xk 98 
747 
f 149 


613 
1173 


604 
4~134 


665 
f 1 5 5  


543 
ir 98 
726 


+I31 


690 
1 0 . 4 1  


~~ 


a From plasma data. b From urinary data. c Based on amount excreted. d From plasma clearance divided by K D .  e Mean + SD. 
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were from the postabsorptive state, which would tend to  lengthen 
.falsely the half-times. 


If these data fit the onecompartment model with first-order ab- 
sorption and first-order excretion rates, urinary excretion should 
fit the pattern described by theequation (10): 


where Xt = the percentage of the amount finally excreted that is 
excreted by time t .  


The data for most of the subjects and the mean values for the dose 
groups fit such a pattern; examples are shown in Fig. 4. This fit 
might be considered presumptive evidence that the model is correct. 


DISCUSSION 


The oral route is not the recommended way to administer an 
oxime to an individual with signs or symptoms of moderate to severe 
anticholinesterase poisoning, but there may be circumstances in 
which this route is acceptable. As suggested earlier (3, 5), these 
might include cases when the poisoning is mild, when the poisoning 
is by a compound undergoing in ciuo transformation to  a more toxic 
substance (e.g., parathion to  diethyl p-nitrophenyl phosphatea), or 
when the oxime is given for prophylaxis. 


Kondritzer er al. ( I  3) administered pralidoxime methanesulfonate 
as an aqueous solution in doses of 21.6 mmoles/70-kg. man (309 
pmoles/kg.) and 8.6 mmoles/7O-kg. man (123 pmoles/kg.) and re- 
ported maximal plasma oxime concentrations of about 30 and 17 
pmoles/ml., respectively. Sundwall (14) administered this drug in 
gelatin capsules and obtained maximal plasma concentrations of 
about 5 mcg./ml. after doses of 45 mg./kg.; he also reported urinary 
recovery of 23 of the dose in 4 hr. Calesnick et al. (15) reported 
plasma levels of less than 4 mcg./ml. after oral administration of 45 
mg./kg. as a hard gelatin capsule; they also noted a 24-hr. urinary 
recovery of 21 
In this study of a new pharmaceutical preparation, plasma con- 


centrations were at  least as high and urinary recovery was 22% of the 
dose within 4 hr. This tablet appears to be at least as good as any 
of the previously reported dosage forms if availability is based on 
plasma concentrations. 


This preparation was also similar t o  the pralidoxime chloride 
preparation studied earlier. 


Plasma concentrations were comparable after similar molar 
doses, according to  dose-plasma concentration regression lines. 
Doses of 100, 200, and 300 pmoles/kg. of the methanesulfonate 
should produce plasma concentrations of 22.1, 28.6, and 32.4 
prnoles/ml., respectively, and equal doses of the chloride salt 
should produce plasma concentrations of 26.1, 35.4, and 40.8 
pmoles/ml., respectively. 


Absorption seemed to  proceed at  about the same rate, judging 
from plasma levels at 30 min., although absorption may be slightly 
more complete after the methanesulfonate salt (using urinary re- 


of the dose. 


Paraoxon. 


covery at the 4- and 6-g. doses: 28.8 I!= 3.2% for the methanesul- 
fonate cersus 22.4 f 4 . 2 z  for the chloride). The biological half- 
lives are very similar and both compounds are rapidly excreted in 
the urine. 


The urinary clearance of this salt is 4.1 times the simultaneously 
measured clearance rate of endogenous creatinine and approaches 
the clearance rate ofpaminohippuric acid, suggesting that the oxime 
is readily extracted from the plasma and secreted by the tubular 
cells. It is possible that its half-life may be prolonged by an ap- 
propriate drug to  block this; probenecid, which blocks tubular se- 
cretion of many drugs, was reported to  he ineffective (13). 


The volume of distribution, calculated by several methods, is 
larger than body volume, indicating that large quantities of drug 
must enter and be concentrated in some body compartments, i.e., 
tissues, although the site(s) of this sequestration is unknown. 
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