
and 3. Nevertheless, the authors consider that Reaction 3 is properly 
classified as a Phase 1 conversion (11). Although 4’-hydroxy- 
desalkylprazepam has not been identified, this compound, as well as 
oxazepam, may be a precursor to 4’-hydroxyoxazepam. Other routes 
to 4’-hydroxyoxazepam are also possible as stated in the legend of 
Scheme I. 

Another of the unidentified metabolites may be 2’-hydroxyoxaze- 
pam. It seems that aromatic hydroxylation in the ortho and para 
positions is catalyzed by different enzymes (12) and that the dog 
generally produces more of the ortho isomer (13, 14). The authors’ 
identification of the para hydroxy compound (4’-hydroxyoxazepam) 
in dog urine implies steric hindrance of the ortho (2‘) position. On 
the other hand, it is quite possible that some 2’-hydroxy ACB was 
present with the 4’-hydroxy ACB. Since the 2’-hydroxy compound 
is not available for study, the possibility cannot be excluded that the 
four solvent systems did not resolve 2‘- and 4’-hydroxy ACB. 

In the dog, a single Phase 2 reaction was observed, namely, 
conjugation with glucuronic acid. As far as could be determined, all 
of the 3-hydroxyprazepam was conjugated. Thus, a competitive 
situation would exist if 3-hydroxyprazepam were also converted to 
oxazepam, as seems likely. The data show that most of the oxaze- 
pam was conjugated. The presence of some free oxazepam is 
interesting and suggests intermediate ranking of the dog among 
species capable of forming 0-glucuronides. Although conclusive 
evidence is lacking, it is surmised that 4’-hydroxyoxazepam was 
also excreted mainly as a glucuronide. 

Unlike diazepam (7, 8) and oxazepam (4), some unaltered 
prazepam was excreted into the urine by dogs. Thus, dogs treated 
with prazepam circulate at least three compounds with tranquilizer 
activity, namely prazepam ( 1  5-18), oxazepam, and desalkyl- 
prazepam (19). 

CONCLUSIONS 

The radioactivity from 14C-prazepam administered to dogs was 
excreted slowly into the urine. Most of the drug was transformed, 
apparently by oxidative enzymes of the liver microsomes. The 
major drug metabolite was oxazepam glucuronide. Other glucu- 
ronides were formed from 3-hydroxyprazepam and 4’-hydroxyox- 
azepam. The urine collections also contained unaltered prazepam, 
desalkylprazepam, and unconjugated oxazepam. Prazepam is con- 
sidered to serve as the precursor to a series of metabolites with 
tranquilizer activity. 
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Gastric Absorption and Distribution of Acetylsalicylic 
Acid and Other Acidic Compounds in the Rat 

CLARENCE H. MORRIS, JOHN E. CHRISTIAN, TOM S. MIYA, and WARREN G .  HANSEN 

Abstract 0 A comparison was made of the gastric absorption and 
distribution of sodium acetylsalicylate-7-14C with the absorption 
and distribution of sodium salts of other weakly acidic compounds. 
Each of the other compounds observed had an absorption pattern 

salicylic acid and its salts may be associated with their ability to 
cause gastric ulcers. 

Keyphrases Acetylsalicylate-7-14C, Na~absorpt ion,  distribution 
0 Acidic compounds-acetylsalicylate-7-14C, Na-absorption, 
distribution comparison 0 Gastric lesion production-acetylsalicy- 
late-7-14C, Na, acidic compounds 0 TLC-analysis 0 Autoradi- 
ography-analysis 

which was characteristic for the compound. Only sodium acetylsa- 
licylate caused gastric lesions in the rat. The observations do not 
rule out the possibility that absorption characteristics of acetyl- 

It has been known for more than 50 years that oral 
administration of acetylsalicylic acid is followed by 
erosion of the gastric mucosa and bleeding from the site 
of the lesion (1). These aspirin-induced lesions have 
been observed in humans (l), dogs (2), cats (3), guinea 

pigs (4), and albino rats (5 ) .  A number of hypotheses 
have been suggested to explain the occurrence of these 
lesions. Davenport (6)  and Martin (7) have suggested 
chemical models based upon the interaction of the com- 
pound with cellular constituents following its absorption 
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Figure 1-Corpus mucosal surface showing lesions and areas of 
hemorrhage. 

into the cell. It became of interest to compare the ab- 
sorption of aspirin, which causes ulceration and bleed- 
ing in the corpus portion of the rat stomach, with the 
absorption of other weakly acidic compounds which do 
not cause ulceration and bleeding. 

MATERIALS AND METHODS 

The radiochemical purity of sodium acetyl~aIicylate-7-~~C, 
sodium benzoate-7-14C, sodium acetate-1- W ,  and sodium bar- 
bital-2-14C (Tracer Labs, Waltham, Mass.) was established by TLC 
employing a stationary p hase of silica gel G and a solvent system of 
low-boiling petroleum ether and 99 propionic acid. The location 
of the radioactive spots was determined by gross autoradiography. 

All animals were fasted for 36 hr. prior to administration of the 
compound. Water was allowed ad libitum during the fast but was 
withdrawn after administration of the compound. 

The compounds were administered orally to male Holtzman rats 
weighing between 150 and 275 g. (Holtzman Rat Co., Madison, 
Wis.) by means of a No. 16 curved steel oral catheter which had 
been dipped in mineral oil for lubrication. Each animal received a 
dose of 0.28 mmole of the selected compound per kg. of body 

10 30 60 90 120 
TIME, rnin. 

Figure 2-Average gastric lesion rating of six animals per time in- 
terval foIlowing oral administration of: A, sodium acetylsalicylate; 
0, sodium barbital; a, sodium acetate; and A, sodium benzoate. 
AN control animals had a rating of I. 
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Figure 3-Disappearance of labeled compounds from the corpus 
portion of the rat stomach. Key: A, sodium acetylsalicylate; 0, 
sodium barbital; 0, sodium acetate; and A, sodium benzoate. Each 
point represents the mean of three animals. To indicate the range of 
values around the averages shown in the plot, the minimum variation 
around any single point was 2.62 X 10-1, 1.98 X lo-', and 2.24 X 
10-1 (average 2.28 X IF1) pmoles per gram of tissue. The maximum 
variation around any single point was 1.94 X 1.06 X 1P2, 
and 5.13 X (average 4.95 X 1P2) pmoles per gram of tissue. 

weight. Each dose contained 30.5 pc. per kg. body weight of the 
14C-labeled compound diluted with the appropriate amount of 
carrier. The sodium acetylsalicylate was administered in 0.15 M 
citrate buffer, final pH 4.6. All other compounds were dissolved or 
suspended in a solution of 5 polyvinylpyrrolidone (PVP). Con- 
trol animals received 0.5 ml. of the respective vehicle. 

The rats were killed in groups of three by etherization at intervals 
of 5, 15, 30, 60, 90, and 120 min. following administration of each 
compound. The stomachs were removed, opened along the line of 
lesser curvature, stretched, and pinned on a large rubber stopper. 
The mucosal surface of each stomach was decontaminated with 
0.9 NaCl, examined for the appearance of lesions, and rated on an 
8-point scale developed by Morris et al. ( 5 ) .  

After being rated with respect to the severity of lesions, the 
stomachs were frozen in the stretched position with dry ice. Whole 
frozen stomachs were covered with plastic wrap (Saran), placed 
between two sheets of X-ray film (No Screen Medical, Eastman 
Kodak Co., Rochester, N. Y.), and stored in light, tight cassets 
at -20" for 60 days for gross autoradiography. 

Following exposure of the film, samples of frozen rumen (non- 
glandular portion of the rat stomach) and corpus (glandular portion 
of the rat stomach) were prepared for liquid scintillation counting 
(Tri-Carb liquid scintillation counter model 3003, Packard In- 
strument Co., La Grange, Ill.) as described by Morris et al. (5). 
The amount of compound present per gram of tissue was calculated 
for each sample according to the following expression: 

observed d.p.m. 
( W )  (SA)  (4 pmoles of compound/g. of tissue = 

where: W = wet weight of the tissue in grams; S A  = specific 
activity, d.p.m./mcg. of compound; and L = mcg. of compound) 
pmole. 

RESULTS 

Appearance of Lesions-Typical lesions as they appeared in the 
corpus portion of the rat stomach are shown in Fig. 1. It is of inter- 
est to note that the lesions appear in rows or furrows roughly paral- 
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Figure 6-Gross autoradiograph of mucosal surface of rat stomach 
120 min. following oral administration of14C-sodium benzoate. 
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Figure &Disappearance of labeled compounds from the rumen por- 
ti011 of the rat stomach. Key: A, sodium acetysalicylate; 0, sodium 
barbital; @, sodium acetate; and A, sodium benzoate. Each point repre- 
sents the mean of three animals. To indicate the range of values around 
the averages shown in the plot, the minimum variation around any 
single point was 4.27 X lo-=, 3.94 X and 3.94 X IF2 (average 
4.95 x lo-=) pmoles per gram of tissue. The maximum variation 
around arty single point was 1.12 X 1P2, 2.04 X IPZ, and 4.6 X 
IF3 (average 1.2 x IO+) pmolespergram of tissue. 

lel to the longitudinal axis of the stomach. Under the conditions 
employed in these experiments, such lesions occurred only in the 
corpus portion of the rat gastric mucosa. 

It may be seen in Fig. 2 that, of the compounds studied, only 
sodium acetylsalicylate caused gastric lesions in the rat. A mild 
erythema, rated as 2 on the scale, occurred in some cases after the 
administration of the other compounds. Formation of lesions was 
essentially maximal 60 min. after administration of sodium acetyl- 
salicylate. 

Concentration Study-The concentration in micromoles per gram 
of tissue of each l4C-labeled compound in gastric tissue was deter- 
mined at each time interval. It is seen in Fig. 3 that the concentra- 
tion of each compound in the corpus tissue diminishes rapidly with 
time. 

The levels of these compounds in the rumen are remarkably 
different from the levels in the corpus (see Fig. 4). The concentration 
of sodium barbital in rumen tissue increases with time during the 
first 30 min. after its administration. Its concentration then drops 

Figure 5-Gross autoradiograph of musocal surface of rat stomach 
120 miit. following oral administration of 'Csod ium acetylsalicylate. 

Figure I-Gross autoradiograph of mucosal surface of rat stomach 
120 min. following oral administration of 14C-sodium barbital. 
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Figure I-Gross autoradiograph of mucosal surface of rat stomach 
5 min. following oral administration of “C-sodium acetate. 

for the remaining time intervals. The concentration of sodium 
acetylsalicylate diminishes very slowly throughout the entire period 
of observation. The concentration of sodium acetate in rumen tis- 
sue remains essentially constant for the first 30 min. after its ad- 
ministration and then drops rapidly in a manner similar to that of 
sodium barbital. Sodium benzoate levels decrease rapidly with time. 

Distribution Study-Figures 5 through 10 show selected auto- 
radiographs of the mucosal surfaces. All stomachs are positioned 
such that the rumen is at the top of the figure. The compounds are 
localized in the rumen of all stomachs up to 120 min. following ad- 
ministration with the exception of sodium acetate. Sodium acetate 
disappears from both the rumen and the corpus within 60 min. 
following administration (Figs. 8-10). Sodium acetylsalicylate, 
sodium benzoate, and sodium barbital demonstrate gastric dis- 
tribution patterns similar to the pattern 0. acetylsalicylic acid re- 
ported by Morris e f  a/. (5). 

Figure 10-Gross autoradiograph of miicosal surface of rat stomach 
120 min. following oral administration of W-sodium acetate. 

SUMMARY AND CONCLUSIONS 

The data presented in Fig. 2 indicate a high incidence of lesions 
following the administration of sodium acetylsalicylate. These find- 
ings are in agreement with those reported by Morris et al. ( 5 )  who 
used acetylsalicylic acid. Sodium acetylsalicylate, sodium benzoate, 
and sodium barbital showed similar localization patterns. It is 
obvious from both the quantitative data and the gross autoradio- 
graphs that these three compounds disappear with time from the 
corpus hut remain in relatively high concentrations at all observed 
time intervals in the rumen portion. By contrast, the results of the 
autoradiographic localization and the tissue analysis of sodium 
acetate indicate a relatively rapid disappearance from both the 
rumen and corpus. 

It should he emphasized that the concentration values reported 
represent a specific concentration at the designated time following 
administration, and that this value is a function of the penetration 
of the compound from the lumen into the tissue, possible metah- 
olism, binding, absorption into the bloodstream, reabsorption from 
the blood into the stomach tissue, and possible loss of activity from 
the tissue into the lumen following tissue damage. Although this 
study does not provide an explanation of gastric ulcerationzhy 
aspirin, the observations do not rule out the possibility that ab- 
sorption characteristics of acetylsalicylic acid and its salts may be 
associated with their ability to cause gastric ulcers. Since sodium 
acetylsalicylate administration results in lesion formation and ad- 
ministration of the other compounds studied did not result in 
lesion formation, it becomes difficult to escape the conclusion that 
absorbed sodium acetylsalicylate interacts with the corpus tissue or 
its secretions in some manner which is different from the interaction 
of the other weak acids. In addition, since lesions appeared only 
in the corpus, through which sodium acetylsalicylate penetrates 
and is absorbed, and not in the rumen, where the compound re- 
mains localized, it appears that the processes involved in penetra- 
tion and absorption play a role in the mechanism of lesion forma- 
tion. Investigations into the nature of the interactions between 
sodium acetylsalicylate and corpus and rumen tissue are presently 
in progress. 
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Quantification of the Binding Tendencies of 
Cholestyramine 11: Mechanism of Interaction 
with Bile Salt and Fatty Acid Salt Anions 

WILLIAM H. JOHNS and THEODORE R. BATES 

Abstract 0 The binding of a series of conjugated bile salt and fatty 
acid salt anions to cholestyramine from aqueous media was in- 
vestigated and the data were plotted according to the Langmuir ad- 
sorption equation. Increases in affinity constants were noted as the 
number of hydroxy substituents on the bile salt-ring structure de- 
creased. An increase in the chain length of the fatty acid salt caused 
a corresponding increase in the affinity constant, whereas an in- 
crease in the extent of unsaturation in the fatty acid chain produced 
a reduction in the affinity constants for the fatty acid-cholestyramine 
interaction. Apparent surface tension-lowering properties of the 
adsorbate molecules were found to parallel the affinities obtained 
for both classes of adsorbate molecules, with the exception of the 
fatty acid anion, linoleate. Based on the results of these studies, it is 
suggested that the binding mechanism involves a primary electro- 
static component reinforced by a secondary nonelectrostatic inter- 
action, the strength of the latter force being dependent on the de- 
gree of hydrophobicity of the adsorbate molecule. 

Keyphrases 0 Cholestyramine binding-quantification 0 Bile 
salts, fatty acid salt anions-cholestyramine interaction mechanism 
IJ Surface tension values-affinity constants, correlation-bile 
salts 0 Hydrophobic character relationship, adsorbate--cholesty- 
ramine binding UV spectrophotometry-analysis 

In previous work with the anionic exchange resin 
cholestyramine (I), the authors studied the effect of 
the physiologic electrolytes, sodium chloride and bi- 
carbonate, on the binding process of bile salt anions to 
cholestyramine. The dihydroxy bile salt anions studied 
were noted to be insignificantly affected in their ex- 
tent of interaction with the resin, while the trihydroxy 
bile salt anion-cholestyramine interactions were mark- 
edly reduced in the presence of an added electrolyte. 
These results suggested that a secondary, nonelectro- 
static, type of interaction was taking place at  the ad- 
sorption site. 

The observation that structurally different bile salt 
anions exhibit varying types, as well as extents, of 
binding to cholestyramine is of biologic significance 
in that an appreciation of the possible modes of interac- 
tion could ultimately contribute to an enhancement in 

the efficiency of this pharmacologically important 
resin. 

The purpose of this study was to elucidate the nature 
of this secondary binding mechanism and the effect of 
adsorbate structure thereon. In order to accomplish 
this, the binding tendencies of a selected series of glycine- 
conjugated bile salts and various physiologic fatty 
acid salts to cholestyramine were investigated. 

EXPERIMENTAL 

Materials-The sodium salts of glycocholic acid,’ glycodeoxy- 
cholic acid, 1 glycodehydrocholic acid, 1 glycolithocholic acid, 
lauric acid,z and oleic acid3 were dried in vacuo for at least 48 hr. 
prior to use. The sodium salt of linoleic acid3 was prepared by 
reacting equimolar quantities of the acid with sodium ethylate in 
absolute alcohol. The resulting salt was washed several times with 
absolute alcohol, dried at room temperature, and subjected to 
vacuum desiccation. The cholestyramine4 employed in this study 
was of pharmaceutical grade (1). Reagent grade concentrated sul- 
furic acid, glacial acetic acid, hydrochloric acid, chloroform, sodium 
hydroxide, copper nitrate, n-butanol, and diethyldithiocarbamate 
were used as received. 

Procedure for Adsorption Studies-A series of aqueous solutions 
of each bile salt and fatty acid salt was prepared over the concentra- 
tion range of 0.75-5.0 millimolar (mM).5 Twenty-five-milligram 
samples of cholestyramine were accurately weighed and placed into 
50-ml. glass-stoppered conical flasks, together with a 25.0-ml. 
portion of the adsorbate solution. At each concentration, a control 
flask was prepared containing a similar quantity of the solution 
under study but no cholestyramine. These latter control solutions, 
which were assayed concomitantly with the solutions exposed to 
cholestyramine, were used to prepare the required Beer’s law plots. 

1 Grade A. Obtained from Calbiochem Co.,  Los Angeles, Calif. 
2 Obtained from Eastman Organic Chemicals, Rochester, N. Y. 
a Obtained from Fisher Scientific Co., Fair Lawn, N. J. 
4 Supplied by Merck and Co., Inc., Rahway, N. J. 
6 All systems exhibited complete solution over the concentration 

range studied, with the exception of the higher concentrations of gly- 
colithocholate, which showed slight turbidity. Adsorption, being a 
dynamic process, would tend to increase the apparent solubility of a 
relatively insoluble material by removing molecules from solution and 
thereby promoting solution of any undissolved material. 
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