
43 6 

Effects of Administration of Testosterone on Vitamin A-Deficient Rats. 
(17460) 

JEAN ~ I A Y E R  AND ALDO P. TRUANT (Introduced by P. K. Smith) 

IVaskington, D. c. 
From the Departwent  of Plzamzacology, The George Wash ing ton  University School of Medicine,  

I t  has been shown by Mason1 in particular 
that the Effect of vitamin =\ deficiencx on the 
male rat amounts to a virtual castratiox. This 
phenomenon can lead to two main hypotheses. 
Onle, vitamin ,A deficiency may interfere either 
with the synthesis of testosterone, directly 
(chemically) or indirectly (e.g. secondary 
effect due to pituitary atrophy in deficient 
animals). The second probability is that the 
response of target organs to circulating male 
sex hformones is affected. To elucidate this 
paint, it was decided to examine and compare 
the efflect of testosterone administration on 
castrated and non-castrated vitamin -4 de- 
ficient male rats and their controls. 

Method.  The animals used were male 
Wistar albino weanlings, 23 days of age. Their 
average weight was 55 g. Castrated animals 
had ;been operated a t  the age of 21 days and 
subsequent autopsies showed that all opera- 
tions had been successful. Prior to the 
weaning of the experimental animals, their 
mothers had been put on a vitamin -\-poor, 
“depletion” diet. The  animals were kept a t  
room temperature (about 70” F) and were 
alternately 12 hours in darkness and 12 hours 
in artificial light. They were fed water and 
food ad libitum. The diet used was the U.S.P. 
XI1 diet for vitamin assay (casein 18%, 
salt mixture 4%) yeast 8%, starch 65% and 
vegetable oil 5 % )  to which was added 100 ing 
per kg of a-tocopherol. With a yeast-contain- 
ing diet and a slow growing strain of animals, 
secondary vitamin C deficiency does not de- 
velop as a complicating f a ~ t o r . ~ ? ~  Control ani- 
mals received orally 1200 I.U. vitamin -I\ 
every 8 days.” 

The animals receiving testosterone were in- 
jelcted #every day subcutaneously with 2 nig 
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of testostxone propionate (“Perandren”) dis- 
sulved in 0.04 cc of sesame oil.+ Other animals 
received a control daily injection of 0.014 cc 
of pur2 sesame oil. Thirty-lane .animals were 
used. They were divided into the following 
8 groups: 

a )  6 non-castrates: vit. A deficient 
b )  6 non-castrates, vit. A deficient receiv- 

c )  3 non-castrates receiving vit. A 
d )  3 non-castrates receiving vit. A and 

e )  4 castrates, vit. A deficient 
f )  4 castrates, vit. A deficient receiving 

g )  3 castrates, receiving vit. A 
h )  2 non-castrates receiving vit. A and 

t es tlos t erone 
411 animals wore weighled every other day. 

They were sacrificed by decapitation after 
they had been 64 days on the experimfmt. 
By that time most deficient ariirnals showed 
ocular symptoms of vitamin A deficiency and 
had lost some weight. 

Results and discussion. Table I gives the 
average weight gains as well as significant 
average organ weights found. As most groups 
of animals werle too small to permit legitimate 
statistical treatment and compariwnl, Taible I1 

organ weight 
gives the values of all ratios 

body weight 
Iflound so as to show the dktribution of re- 
sul ts. 

Selye* conductled a systematic study of the 

ing t es tos teron’e 

testosterone 

testosterone 

* The authors are indebted t o  Dr. E. L. Sevring- 
llans, inedical director, Hoffmann-LaRoche, Nutley, 
S. J., for  gifts of vitamins. 

t The authors are indebted t o  Dr. Roy Hertz and 
to Dr. K. W. Thompson of the Roche-Organon Co., 
for gifts of ( Perandren. ’) 
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TABLE 1. 

b. No vit. A 

Effect on Body and Organ Weight. Gain in weight during experimental period. 

d. + vit. A a. No vit. A c. + vit. h 
No testost. + testost. No testost. + testost. 

1. Non-castrates 
104 g 84 g 

id. id. 
2247 mg 1833 mg Testes* 1068 mg 

Seminal vesicles t 107 mg 1727 mg 193 mg 1749 mg 
Kidneys 1149 mg 1448 mg 1769 mg 2187 mg 

Final” wt gain 4 4  g 4 4  g 
50 g Max. wt gain 5 4  g 

932 mg 

e. No vit. A f. No vit. A g. + vit. A h. + vit. A 
No testost. + testost. No testost. + testost. 

2. Castrates 
Final wt gain 46 g 47 g 

1720 mg 
57 g Max. wt gain 52 g 

Seminal vesicles t - $  
Kidneys 1083 mg 1560 mg 1517 mg 2429 mg 

104 g 105 g 
id. id. 

1417 mg --I 

*The  difference between “Final))  and “Maximum’? gain weights is due t o  the fact that  
when the animals were sacrificed, the degree of deficiency reached was such that most animals 
had already lost weight. 

t Prostates and epididymes showed size changes in the same directions as seminal vesicles. 
3 Not detectable by macroscopic examination. 

effects of various doses of testosterone the 
weight of the body an’d of certain organs of 
the male albino rat. He flound particularly 
striking lefflects ifor doses of 1.0 to 10 mg daily. 
This is an analogous dmge to that used here. 
The experiment was oontinued for only 20 
day s-ap pr oxima t ely onel t hi rd of the dura- 
tion of the present lexpmiment. In these conL 
ditiom, he observed that accessory sex organs, 
the seminal vmilcles in particular were very 
much lenlarged, while the size of the testes 
was decreased. In this particular series of hsis 
no significant effect was observed on the 
weight of the kidneys, in contradktinctionl 
with some other of his own o b m v a t i ~ n s ~ - ~  
and those of othcer investigatlors.8-10 

In the present work, the deficient animals, 
castrates as well as non castrates conforlmld 
to the general pattern established‘ and verified 
for the control animals: testosterone &minis- 
tration was followed by extreme hypertrophy 
of accessory sex organs, seminal vesicles in 

5 Selye, H., J .  Urol., 1939, 42, 637. 
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8 Korenchevsky, V., and Ross, M. A., Brit. Xed.  

9Paschkis, K. E., Shay, H., Gershon-Cohn, J., 

10 Pfeiffer, C. A., Emmel, V. M., and Gardner, 

J., 1940, 1, 645. 

and Fels: S. S., Am. J .  Physiol., 1940, 129, 191. 

W. U., Y a l e  J .  Biol. Med., 1940, 1%) 493. 

particular; by a definite hypertrophy of the 
kidneys and by a dlecrease of the size of the 
testes. As far as the efflect on the overall 
M y  weight is concerned, while the decrease 
in weight gain of normal animals under the 
influence od testosterone administratim noted 
by Selye was confirmed, deficient animals be- 
haved like castrates in that they were not 
affected. 

Particularly significant is tihe fact that the 
extreme hypertrophy of accessory sex organs 
was rnainltaiind by testosterone even in the 
face of acute dieficiency. Animals showing 
marked periocular symptoms m d  which had 
sustained severe losses olf weight extending 
over a period af two weeks still showed semi- 
nal vesicles, prostates & epididmes 10 
tim.es larger, in absolute values, than control 
animals not receiving testostero1;e. This dif- 
ferential nextion is in itself quite striking. 

This experiment seem to establiish definite- 
ly thle fact that any “castration effect” ob- 
served as a result of vitamin,A deficiency in 
the rat is not dlue to the lack of response of 
target organs but to lack cnf circulating andro- 
gens. Because of previous results Indicating 
the apparent “piling up” of chdesterol, in 
Vitamin A defi~iency,ll-~~ a possible explana- 

11Ralli, E. P., and Waterhouse, A., Pmc.  SO^ 
EXP. Blob. AND MFB., 1933, 30, 519. 
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TABLE 11. 
Organ weight 

Body weight 
Relationship. Distribution of Values. 

a. S o  vit. X b. S o  rit. A c. + vit. A d. + vit. A 
S o  testost. + testast. No testost. + testost. 

Testes 

body 
x 103 -~ 

Seminal vesicles 

body 
x 103 

Kidneys 

body 
x 103 

Son-castrates 
10.4 11.6 8.5 10.8 
11.2 9.8 8.5 12.2 
10.2 12.8 10.8 8.3 

Avg 11 Avg 9.9 

0.002 1.78 15  18.4 
0.64 0.8 17.2 23.2 
2 1.47 17.7 18.8 

Arg 1.1 hvg 18.4 

14.7 15 13.6 15 
13.8 12.9 19.8 14.8 
13.3 12.2 13.4 13.2 

hvg  13.7 Avg 15.0 

e. S o  \--it. A f .  S o  vit. A 
s o  testost. + testast. 

14.3 14.2 
14.4 

Avg 14.3 

1.7 0.8 
1.4 

Avg 1.2 

13.4 9.8 
10.5 

Avg 11.8 

g. + vit. A 
No testost. 

12.9 13.4 
14  

Avg 13.4 

10 12.5 
17.8 

Avg 13.4 

16.3 16  
14.3 

Avg 15.6 

h. + vit. A + testost. 

Castrates 
Semiiial v-esieles - 12.9 12.5 I 10.3 10.9 

body Avg 12.8 Avg 10.6 
x 102 13.1 12.7 

Kidneys 

body 
X 103 

12.1 12.8 1 4  14.2 9.3 9.2 14.2 15.8 
14.1 13.4 14.1 14.4 9.5 

Bvg 13.1 Avg 14.2 Avg 9.3 Avg 15.0 

tion is that vitamin A deficiency prevents 
chemical transformation of cholesterol into 
testosterone. Indirect mechanisms, such as 
intervenftion of vitamin A in the synthesis or 
rellease of gonadotrophic hormon’es cannot, 
however, be eliminated without further ex- 
perimental work. 

Summary. 1. In an effort to find whether 
the “virtual castration” of vit. A d’eficienlt male 
rats is due to prevention of the synthesis of 
androgens or to the lack of response of target 
organs, the effects of administration of testo- 

sterone in deficient non-castrates and castrates 
were compared with the effects on their con- 
trols. 

2. The response of thle deficient animals was 
found to ble essentially normal. The acces- 
sory sex organs in particular were extraordhb 
arily hypertrophied under the influence of 
testosterone administration even in the face 
of severe losses of weight. 

3. Thle evidence obftained suggests that 
vitamin A deficiency linterferes with the syn- 
thesis or rfelease of androgens. 
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