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Effect  of  T e s t o s t e r o n e  P r o p i o n a t e  on  the  U r o -  
gen i ta l  O r g a n s  of  I m m a t u r e  C r o c o d i l e  

Crocodylus palustris L e s s o n  I 

Effec t  of a n d r o g e n s  on  t h e  r e p r o d u c t i v e  o rgans  of im-  
m a t u r e  l izards  ~,~ a n d  che lon ians  4 ha s  been  repor ted .  Of 
t h e  o rder  Lor ica ta ,  on ly  t h e  A m e r i c a n  al l igatorS,  6 ha s  
b e e n  s tud ied .  No a c c o u n t  of t he  effect  of sex h o r m o n e s  on  
t he  u rogen i t a l  s t r u c t u r e s  of a n y  crocodi le  is ava i lab le .  
Th i s  m a y  be  a t t r i b u t e d  to  t he  d i f f i cu l ty  in p rocu r ing  
su i t ab le  m a t e r i a l  for e x p e r i m e n t s  a n d  t h e  p r e s e n t  no t e  is 
i n t e n d e d  to  fill t h i s  l acuna .  

Two-yea r -o ld  l i t t e r - m a t e  crocodi les  of b o t h  sexes were 
t a k e n  Ior  o u r  e x p e r i m e n t s .  T h e  a n i m a l s  were  o b t a i n e d  
f rom the  local zoological  g a r d e n s  ( Ja ipur ,  Ind ia ) ,  where  
crocodi les  are  occas ional ly  b red .  The  average  we igh t  of 
the  spec imens  a t  t h i s  age is 950 g a n d  t h e y  m e a s u r e  
600 m m  f rom s n o u t  to  t a i l  t ip .  Tes to s t e rone  p r o p i o n a t e  
(Pe randren ,  Ciba) in  oil was  in j ec t ed  i n t r a m u s c u l a r l y  in  
doses of 5 m g  eve ry  a l t e r n a t e  d a y  a n d  t he  t o t a l  dose ad-  
m i n i s t e r e d  to  each  a n i m a l  was  25 mg. T h e  e x p e r i m e n t a l s  
were a u t o p s i e d  t e n  d a y s  a f t e r  t h e  l a s t  in jec t ion .  Su i t ab le  
l i t t e r - m a t e  con t ro l s  were  m a i n t a i n e d .  

T h e  t e s t e s  (F igure  1, t)  of these  i m m a t u r e  crocodi les  
a re  sma l l  w h i t e  rod- l ike  bodies.  His tological ly ,  t he  tes t i s  
is c o m p o s e d  of semin i fe rous  t u b u l e s  (F igure  2) a n d  t h e  
i n t e r s t i t i a l  t issue,  b o t h  he ld  t o g e t h e r  b y  t he  t h i c k  t u n i c a  
a lbug inea .  I n  sect ions,  t h e  semin i fe rous  t ubu l e s  a p p e a r  as 
composed  of a s ingle  layer  of cells s u r r o u n d i n g  a l u m e n  
wh ich  is filled w i t h  a f ibrous  n e t w o r k  (Figure 4). Ser tol i  
a n d  s p e r m a t o g o n i a l  cells l ine t h e  l u m e n  of the  semini fer -  
ous t ubu le .  S p e r m a t o c y t e s ,  s p e r m a t i d s  a n d  s p e r m a t o z o a  
a re  ab sen t .  T h e r e  is no  i n d i c a t i o n  of spe rma togenes i s  a n d  
t he  s p e r m a t o g o n i a  do  n o t  show cell d ivis ion.  The  in te r -  
s t i t i a l  t i s sue  is b y  c o m p a r i s o n  m a s s i v e  and ,  bes ides  blood 
vessels  a n d  f ib rob las t s ,  c o n t a i n s  n u m e r o u s  large a n d  ova l  
L e y d i g  cells (Lc);  these  cells are  p r e s e n t  in  c lus te rs  of 
t h r ee  or  four.  

On gross e x a m i n a t i o n ,  t he  tes tes  of the  t e s to s t e rone -  
t r e a t e d  crocodi le  h a v e  increased  in l eng th  a n d  g i r th  
(Figure  1). T h e  h i s to logy  is also reveal ing.  In  sect ion,  t h e  
d i a m e t e r  of t h e  semin i fe rous  t ubu le s  has  cons ide r ab ly  in-  
c reased  (F igure  3). Spe rma togenes i s  is i nduced  a n d  t h e  
l u m e n  of t h e  t u b u l e s  is filled w i t h  ge rm cells in  va r i ous  
s tages  of p ro l i fe ra t ion .  T h e  s p e r m a t o g o n i a  h a v e  d iv ided  
to  g ive  rise to  p r i m a r y  a n d  these  to  s e c o n d a r y  s p e r m a -  
t ocy t e s  a n d  these  in t u r n  to  s p e r m a t i d s ;  c e r t a i n  t u b u l e s  
even  show t h e  p resence  of s p e r m a t o z o a  (Figure  5). T h e r e  
is a c o n s e q u e n t  r e d u c t i o n  in t he  i n t e r s t i t i a l  t i ssue  a n d  t h e  
ceils of Leyd ig  (Lc) a p p e a r  now as closely p a c k e d  ones in  
b e t w e e n  the  semin i fe rous  tubu les .  T h e y  do no t  show a n y  
c h a n g e  in size on rece iv ing  t he  a n d r o g e n  a n d  a p p e a r  t he  
s ame  as in  con t ro l  an imals .  FORBES ~ descr ibed  t h a t  in  
s e v e n t e e n - m o n t h  old a l l igators ,  a 10 m g  dose of t e s to -  
s t e rone  h a d  no  eIfect  on t he  g o n a d s ;  i n  t he  ovar ies ,  
p r o b a b l y  t h e  m e d u l l a  h a d  regressed,  b u t  h e  does  n o t  
m e n t i o n  a n y  effect  of t he  a n d r o g e n  on  t h e  gonads  in t h e  
t h r e e - m o n t h  old a l l iga tors  w h i c h  he  i n v e s t i g a t e d L  How-  
ever ,  in  t h e  i m m a t u r e  males  of t he  l izard  Sceloporus 2 
a n d  juven i l e  t e r r a p i n  Malaclernmys 4, t e s tes  were s l igh t ly  
s t i m u l a t e d  b y  t e s t o s t e r o n e  p rop iona t e .  S imi lar ly ,  we 
h a v e  no t i ced  t h a t  t e s t o s t e r o n e  p r o p i o n a t e  s t i m u l a t e s  
spe rma togenes i s  in the  t es tes  of i m m a t u r e  VaranusL 

The  Wol f f i an  duc t s  of t he  t e s t o s t e r o n e - i n j e c t e d  croco- 
dile h a v e  s l igh t ly  inc reased  in w id th ,  b u t  t h e  a n d r o g e n  
h a d  no  ef fec t  on  t h e  Wol f f i an  d u c t s  of t h r e e - m o n t h - o l d  
a l l iga tors  e x a m i n e d  b y  FORBES 5. Howeve r ,  t e s t o s t e r o n e  
h a d  a s t i m u l a t o r y  ef fec t  o n  t h e  X, Volff ian  d u c t s  of i m m a -  
t u r e  l i zards  ~,3 a n d  j u v e n i l e  t e r r a p i n  4. 

The  m e d i a n  penis  (Figure  1, p) of t h e  t r e a t e d  crocodi le  
deve loped  e n o r m o u s l y  b o t h  in l e n g t h  a n d  b r e a d t h ,  an d  a t  
t h e  t i m e  of au topsy ,  on  press ing  t h e  a rea  a r o u n d  t h e  tai l ,  
i t  s p o n t a n e o u s l y  p r o t r u d e d  f rom t h e  cloaca,  whi le  t h a t  of 
t h e  cont ro l ,  wh ich  was m i n u t e  in  size, d id  n o t  respond .  
In  two-  to  t w o - a n d - a - h a l f - m o n t h - o l d  Malademrnys% 
t e s t o s t e ro n e  p r o p i o n a t e  b r o u g h t  a b o u t  t h e  h y p e r t r o p h y  

Fig. 1. Kidneys and reproductive tracts of crocodile, control male 
(A), injected male (B), control female (C), and injected female (D). 

Fig. 2. Photomicrograph of the testis of control crocodile. × 80. 

Fig. 3. Photomicrograph of the testis of injected crocodile. × 80- 

Fig. 4. The same, as Figure 2, magnified "- 360. 

Fig. 5. The same, as Figure 3, magnified ~ 360. 
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of the  glans clitoris in the female and of the penis in the 
male.  In  s ix-month-old ,  tes tosterone- t reated alligators 6,6, 
the  penes hyper t roph ied  so much tha t  the tips of them 
pro t ruded  f rom the  cloaca;  similarly, we have observed 
t h a t  tes tos terone  brings about  a considerable hyper t rophy  
of the  penis of the  pond tortoise Lissemys punctata (un- 
publ ished observat ion) .  

The  juveni le  crocodiles t rea ted with testosterone pro- 
p ionate  also show enlarged kidneys (Figure 1, k). In  the  
al l igator ,  FORBES 6 noted tha t  testosterone had no effect 
on the  mesonephroi ,  b u t  no ment ion is made of the kid- 
neys.  The  p re t e rmina l  segment  of the  renal tubule  of the  
k idney  does no t  deve lop  into a sexual segment  in males 
of crocodiles and chelonians,  and even a relat ively heavy  
dose of the  androgen  has not  brought  about  the develop- 
m e n t  of th is  segment  in the  juvenile crocodile studied 
by  us. 

In  the  female crocodile, testosterone propionate had no 
appreciable  effect on the  ovaries  and oviducts, which were 
well  formed.  There  does not  seem to be any reminiscent 
medul la  in the  gonad, as the exogenous androgen did not  
develop this  into a testis-l ike structure.  The gonads of 
t es tos te rone- t rea ted  female alligators were also not af- 
fected, according to FORBES n,e, but  the oviducts  showed 
considerable  h y p e r t r o p h y  and their  anterior  ends were 
th rown into i r regular  folds. Similarly the oviducts  are 
also s t imula ted  by tes tos terone in the lizard 2,3. 

The  most  p ronounced  effect of testosterone propionate 
in t he  i m m a t u r e  female crocodile examined by us is the 
enormous  h y p e r t r o p h y  of the  clitoris (Figure 1, c). The 
cli toris of the  in jec ted  specimen exceeds even the size of 
the  penis of the  control  male and compares well with the 
penis of t he  in jec ted  male.  In  the  six-month-old alligators, 

testosterone had no effect on the cli torides of the females s, 
bu t  in the seventeen-month-old  female alligators,  the  
clitorides were s t imula ted  and the tips of these organs 
protruded out  of the  cloaca 8. I t  is not  clear why  androgen 
had no effect on the  clitoris of an earl ier  s tage  in the 
al l igator;  probably  it  was not  sensi t ive to androgen.  In  
the immatu re  female terrapin 4, tes tosterone also caused 
the hyper t rophy  of the  glans clitoris. 

To sum up, testosterone propionate  induces spermato-  
genesis in the  testes  of immatu re  crocodiles and causes 
enormous deve lopment  of the  penis and clitoris. The  
Wolffian duct  of the  male  shows sl ight  en largement ,  
while the ovaries and the Mullerian ducts  in the  female  
are not  affected on receiving the  androgen.  The  p re te rmi -  
nal  segment  of the  renal tubule  of the t rea ted  k idney  did 
not  develop into a sexual  segment  in the  male  crocodile,  
though the  kidney itself showed enlargement .  

Zusarnmen[assung, Nicht  geschlechtsreifen, zweijAhri- 
gen Krokodilen aus gleicher B r a t  wurden je 25 mg 
(Gesamtdosis) Tes tos tcronpropionat  verabreicht .  Sek- 
t ionsbefund 7 Tage nach der letzten In jck t ion :  Spermato-  
genese and entwickel te  Spermien, Ri ickbi ldung des inter-  
stitiellen Gewebcs, Penis und Klitoris hyper t rophisch.  
NierenvergrOsserung, Ovarien und Mtiilersche Ggnge un- 
ver~.ndert. Kontrol len ohne Spermatogenese,  jedoch mi t  
Vermehrung der Leydigschen Zeilen. 
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E s t r o g e n - I n d u c e d  U t e r i n e  M e t a p l a s i a  in Rats  
G i v e n  O r a l  S u p p l e m e n t s  o f  V i t a m i n  A 1 

Many  invest igators  *-4 have  noted an apparent  an- 
t agon ism between estrogen and v i t amin  A with a certain 
ba lance  be tween  these two substances being required to 
ma in ta in  normal  reproduc t ive  t rac t  morphology in female 
rats.  A fur ther  extension of this  concept  which has gained 
some suppor t  is t ha t  es trogen s t imulat ion of experimental  
animals  m a y  cause a hypov i t amino t i c  A condition. Thus, 
McCuLLOUGH and DALLDORF ~ and CRAMER 6 speculated 
t h a t  es t rogen- induced uter ine  metaplas ia  may  be a result  
of a def iciency in v i t amin  A which develops after  pro- 
longed hormone  s t imulat ion.  The present  invest igat ion 
was designed to  tes t  this hypothesis  by s tudying the 
effect  of two levels of excess v i t amin  A on uterine strati-  
fied squamous  metaplas ia  (keratinizing metaplasia) re- 
sul t ing f rom exogenous estrogen t rea tment .  

AfateriaIs and methods. For ty -e igh t  V¢istar strain rats 
were  b i la tera l ly  ovar iec tomized  a t  20 days  of age and 
main ta ined  on a v i t a m i n  A-deficient  diet  thereafter .  These 
animals  were  d iv ided  into five exper imenta l  groups as 
follows: (1) unt rea ted ,  (2) estrogen t reated (2.3 mg 
estradiol  cyc lopen ty lprop iona te  per  week), (3) estrogen 
t r ea ted  plus 250 in te rna t iona l  units (IU) of v i t amin  A 
per  week, (4) estrogen t rea ted  plus 100,000 IU v i tamin  A 
per  week, (5) 100,000 I U  v i t amin  A weekly. All animals 
were sacrificed af ter  60 days (80 days of age). The uteri  
were embedded  in paraff in  and sectioned at  8 /~. Eve ry  

fifth section was mounted  and stained with  Harr i s '  
hematoxyl in  and eosin. 

Results. The da ta  (Table) reveal  t ha t  when exogenous 
estrogen is adminis tered to rats  deficient  in v i t amin  A 
(group 2) the uterine lesions are numerous  and extensive.  
The simultaneous adminis t ra t ion  of modera te  amoun t s  
of v i tamin  A suppresses the  incidence of the lesions 
(group 3). In contrast ,  high doses (group 4) appa ren t ly  
introduce o ther  factors, a t  present  unexplained,  and af- 
ford very  lit t le protect ion against  the  adverse  effects  of 
prolonged estrogen injections. 

Discussion. The high degree of mctaplas ia  observed in 
the uteri  of animals  of group 2 was expected  since the  
combinat ion of hypovi taminos is  A and excess es t rogen 
st imulation (in amount s  used in this invest igat ion)  is 
known to precipi ta te  such lesionsL 

t This research was completed while the author was a student in the 
Department of Anatomy, Bowman Gr,~y School of Medicine, 
Winston-Salem, N.C. It was supported by a grant from the 
National Vitamin Foundation. The author is indebted to l)r. W. J. 
Bo for suggesting the problem and for making himself available 
for consultation. 
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