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Metabolism of Reserpine-C14. 11. Species Differences as Studied in vitro. 
(22058) 

HERBERT SHEPPARD AND WEN HUI TSIEN. (Introduced by R. Gaunt.) 
Research Department, Ciba Pharmaceutical Products, Summit, N .  J .  

The crystalline alkaloid, reserpine, which is 
currently finding use in the treatment of hy- 
pertension ( 1,2,3) and psychiatric disorders 
(4,5,6), was identified in extracts frocm the 
roots of Rauwolfia serpentina Benth by Mul- 
ler, Schlittler and Bein (7 ) .  In a report on the 
pharmacology of reserpine, Plummer e t  al. (8) 
mention the wide range in doses necessary to 
elicit the characteristic tranquilizing response 
in the various laboratory animals. Since Shep- 
pard, Lucas and Tsien(9) showed that the rat 
is capable of oxidizing the 4-methoxy carbon 
of the 3,4,5-trimethoxybenzoic acid (TMBA) 
moiety to carbon dioxide as well as hydrolyz- 
ing reserpine to yield TMBA, it was thought 
that the ability to degrade reserpine might be 
related to dose requirements. To test this hy- 
pothesis, liver slices of several animal species 
were tested for their ability to metabolize 
reserpine. Part of this work was presented 
at  a meeting of the American Chemical So- 
ciety( 10). 

Experimental. In vitro: The livers of ma- 
ture rats, mice, pigeons and guinea pigs were 
obtained immediately after death from ani- 
mals sacrificed for the purpose; while those 
from dogs and rabbits were obtained by bi- 
opsy. The livers were sliced freehand and in- 
cubated with 200 pg of reserpine-C14. The 
preparation of fractions as illustrated in Fig. 
1, and the methods of counting and synthesis 
of reserpine labeled with C14 in the 4-methoxy 
carbon of the 3, 4, 5-TMBA moiety are the 
same as those previously described (9). Sub- 
cellular particles of guinea pig liver were pre- 
pared according to the method of Schneider 
( 11). Each fraction was incubated with 100 
pg of reserpine-P for 3 hours a t  37°C in 

Krebs bicarbonate buffer. The reaction was 
stopped with acid and the tissue extracted as 
previously described (9). In  vivo : Four male 
guinea pigs weighing about 400 g were in- 
jected with reserpine-C14 in vehicle C(9). 
One animal received 1 .O mg/kg intravenously 
while $he others received 0.5 mg/kg. C1402 

collections were made and counted as pre- 
viously described (9). 

Paper chromatography and radioautogra- 
phy. Aliquots of fraction C and Cg were 
mounted on Whatman No. 1 filter paper. 40 
pg of TMBA were then added to each spot 
and the sheets chromatographed by descend- 
ing method with a solvent composed of 5 nor- 
mal ammonium hydroxide: butanol: isopro- 
ponal (3 : 2 : 1 ) . Under these conditions 
TMBA gives an RF of about 0.61 and fluor- 
esces a bluish purple when exposed to ultra- 
violet light. To locate the radioactive spots 
radioautographs were made using Kodak No- 
Screen X-ray Safety Film. 

Results. The results of the in vitro studies 
with liver slices are summarized in Table I. 
The rat possesses the greatest ability for the 
oxidation of the 4-methoxy carbon of the 3, 
4, 5-trimethoxybenzoic acid moiety to carbon 
dioxide. Only the pigeon and rabbit seemed 
to be devoid of this activity. That most of 
this process depends on oxygen is obvious 
from the drop in C1402 recoveries that oc- 
curred when incubation was carried out under 
nitrogen. The rat liver slices, however, show 
little ability for splitting off TMBA. Sur- 
prisingly, the guinea pig liver slices show a 
very marked ability in this respect, hydrolyz- 
ing about 80 per cent of the reserpine in three 
hours. The mouse and rabbit show fair hy- 
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FIG,  1. Flow sheet for fractionation of liver homogenate. 

drolytic activity while the dog and pigeon 
show practically none. The subcellular par- 
ticles which possess most of the esteratic ac- 
tivity are the microsomes, as can be seen in 
Table 11. The esteratic activity observed in 
the other fractions is less, and a portion is 
probably due to contamination with micro- 
somes. 

Radioautographs of paper chromatograms 
of Fractions C and CB showed that all of the 
radioactivity coincided with the bluish purple 
fluorescence of TMBA. 

these experiments, the dog is recognized as re- 
quiring the smallest and the rat the largest 
dose of reserpine to produce its typical tran- 
quilizing response. I t  is apparent from the 
results presented that the dose requirement of 
reserpine is not directly related to the ability 
of liver slices to hydrolyze reserpine nor to 
demethylate the 4-methoxy group of TMBA 
or both. If it were, the pigeon would require 
the smallest and the guinea pig the largest 
dose of reserpine. The metabolic activity of 
other tissues must necessarily be considered 

The urinary excretion of C14 by the guinea 
pig is summarized in Table 111. As can be 
seen, approximately 22% of the injected dose 
is excreted in the first 24 hours with some 
C1* still being excreted up to 96 hours. As 
confirmation of the in vitro studies indicating 
a slight ability to oxidize the 4-methoxy car- 
bon of TMBA, some respiratory CI4O2 could 
be detected. 

Among the animals used in Discussion. 

when studying the response of the whole ani- 
mal. 

Because of the strong esteratic activity 
present in the guinea pig liver, it was supposed 
that the guinea pig would rapidly hydrolyze 
reserpine in vivo and excrete the TMBA via 
the urine. Therefore, it might be possible to 
demonstrate that pharmacological activity 
was lost when practically all of the TMBA 
was excreted, or, if some product of reserpine 
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TABLE I. In Viitro Metabolism of Reserpine-C14 by Liver Slices of Different Animals. 500 mg 
of liver slices incubated with reserpine-C14 in Krebs bicarbonate buffer at 37°C for 3 hr. A11 

samples in duplicate. 

r-% of added C14 recovered in fractions-, 

Species animals Atmosphere C 0 2  A* Bt CS recover7 
No. of Total 

5 
1 

1 
Rabbit 5 

1 
Mouse 5 

1 
Rat 5 

1 

1 

Dog 

Pigeon 5 

Guinea pig 5 

8.51 0 
0 0 

0 0 
0 0 
0 0 
0 0 
5.6 .15 

19.7 .10 
1.3 .06 
2.67 1.51 
3.08 .62 

- - 

83.4 
96.2 
89.1 
86.0 
80.1 
93.8 
65.0 

58.1 
92.8 

- 

3.19 
2.25 

1.21 
.34 

1.25 
1.28 

15.7 
10.3 
31.0 - 

1.37 
2.09 

80.6 
91.8 

93.1 
96.5 
90.4 
87.3 
95.8 

104.1 
101.7 - 

79.27 
96.25 
87.97 
97.75 

* Fraction A-Contains fat-like substances. 
t 11 B- ” reserpine-like substances. 
f: ” C- ” trimethoxybenzoic acid-like substances. 

were responsible for the pharmacological ac- 
tivity, such activity would continue beyond 
the time when all the TMBA were excreted. 
The results presented here not only do not 
support the latter supposition but also demon- 
strate that hydrolysis does not occur nearly 
as rapidly in vivo as in vitro. The reason for 
this great difference is probably that the reser- 
pine is taken up by tissues which are not very 
active in metabolizing it (9). 

As pointed out previously( 9) , the increase 
in the reserpine-containing fractions of rat 
liver slices incubated under nitrogen, indicates 
that demethylation probably occurs while 
TMBA is still esterified with methyl reserpate 
rather than after hydrolysis has occurred. 
This was confirmed again with the rat and 
also found to occur with dog liver slices. 

The preponderance of esteratic activity 
found in the microsomes agrees with the find- 
ings of workers concerned with other esterases 

TABLE 11. Hydrolysis of Reserpine by Subcellu- 
lar Particles of Guinea Pig. Liver. 

~~ 

% of adaedC14 present 
in fractions 

Fraction B C Total 

(12,13). Whether this esterase is a general 
or specific one remains to be determined. 

The radioautograms demonstrate that the 
C1* content of fractions B and C reside in the 
TMBA moiety. It must still be demonstrated 
that the alkaloidal portion of the TMBA ester 
in fraction B is methyl reserpate. Thus far, 
paper chromatographic or electrophoretic 
studies fail to distinguish clearly between such 
alkaloids as reserpine, deserpidine or syrin- 
goy1 methyl reserpate, indicating that small 
changes in the reserpine molecule would be 
extremely difficult to detect by this method. 

TABLE 111. Excretion of C14 in Urine and Feces 
of Guinea Pigs after Single Intravenous Injec- 

tion.” 

Interval, -Urine- -Feces- 
Rat No. hr B t  CS Bt CS 

1 1-24 
24-96 

2 1-24 
24-96 

3 1-24 
24-96 

4 1- 6 
6-24 

24-48 

.15 

.o 

.16 

.13 

.95 

.o 
-73 
.13 
.07 

8.69 
.35 

7.07 
.43 

4.17 
.83 

1.13 
.30 

21.9 

.68 

.o 

.58 

.o 
1.32 

.o 
1.62 

.85 

.26 

.82 

.o 

.61 

.o 

.o 
1.66 

.15 

.O 

- 

Homogenate 8.1 83.3 91.4 
Nuclei 29.1 58.6 87.7 
Mitochondria 35.3 52.5 87.8 
Microsornes 9.0 91.9 100.9 
Supernatant 71) 6 75.7 86.3 

*Rats No. 1-3 received 0.5 mg/kg while No. 4 

t Fraction B-Contains reserpine and reserpine- 

j Fraction C-Contains TMEA and TMBA-like 

received 1.0 mg/kg. 

like substances. 

substances. 
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Summary. 1. Liver slices of rat, mouse, 
dog, guinea pig, rabbit and pigeon were incu- 
bated with reserpine-Cl4. 2.  Demethylation 
of the 4-methoxy position of trimethoxyben- 
zoic acid moiety of reserpine was observed to 
occur, with rat liver slices most active in this 
respect. 3. Hydrolysis of reserpine was ob- 
served to occur with liberation of free tri- 
methoxybenzoic acid. Guinea pig liver slices 
were most active in this respect. 4. Esteratic 
activity resides chiefly in the microsomes of 
guinea pig liver. 5 .  Demethylation or hy- 
drolysis or both by liver slices is not corre- 
lated with dose requirement for typical tran- 
quilizing response. 6. Rate of excretion of 
C14 by the guinea pig was studied in vivo after 
intravenous injection of reserpine-C14. 
_______ ~ 
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Delaying Action of Gonadotrophins on Ovulation in the Hen." (22059) 

R. 31. FRAPS AND H. L. FEVOLD. 
Agricultural Research Service, U .  S .  Department of Agriculture, Beltsville, Md. ,  and Baxter 

Laboratories, Morton Grove, I l l .  

The ovulation-inducing hormone (OIH) in 
the hen is probably the luteinizing fraction 
(LH) (1-3). although this action of LH in- 
dependently of the follicle stimulating hor- 
mone (FSH) has not been demonstrated in 
either birds or mammals(4). As in other 
spontaneously ovulating animals such as the 
rat ( 5 )  and cow (6)  OIH release in the hen is 
apparently effected over nervous pathways 
(7-12), The interval from OIH release (or 
from neural excitation for OIH release) to 
ovulation is estimated to be not more than 
about 8 hours(l l- lS),  although it may be 
greater in some hens( 10). A number of phar- 
macological agents which block LH release 
in the rat (5.16) were shown recently to sup- 

* These results were presented at  the 44th Annual 
Meeting of the Poultry Science Assn., East Lansing, 
Mich., Aug. 9-12, 1955. 

press ovulation of the first (or Cl) follicle of 
the hen's cycle following a single injection 38 
hours before expected ovulation ( 17). The 
agents included anesthetic [ diallylbarbituric 
acid (Dial), pentobarbital Na (Nem'butal), 
and Phenobarbital Na] , anticholinergic (atro- 
pine sulfate) and antiadrenergic (SKF-501 
and Dibenamine) drugs. It seemed highly 
improbable that some, a t  least, of these drugs 
(e.g., atropine or Nembutal) could directly 
block the OIH release mechanism 30 hours 
following their injection. Suppression of ovu- 
lation was attributed instead to disruption of 
nervous controls over pituitary gonadotrophin 
secretions required for maintenance and matu- 
ration of the ovarian follicle. The prevalence 
of follicular atresia in hens injected 38 hours 
before expected C1 ovulation and sacrificed 
shortly after the hour of normally. expected 


