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Summary .  In  n e o n a t a l l y  es t rogenized  and  P M S G - t r e a t e d  rats ,  b ind ing  of I~5I-HCG to t e s t i cu la r  r ecep to r s  cor re la tes  
w i th  levels of p l a s m a  tes tos te rone ,  b u t  no t  w i t h  f o r m a t i o n  of cAMP.  

N e o n a t a l  t r e a t m e n t  of male  r a t s  b y  single in jec t ions  of 
es t rogen  produces  a t r o p h y  of t he  tes t is ,  accesory  sex 
o rgans  a n d  a decrease  of spe rma togenes i s l .  In  our  pre-  
v ious  repor t ,  ev idence  was p re sen ted  t h a t  t he  de l ay  in 
sexua l  m a t u r a t i o n  of n e o n a t a l l y  androgen ized  r a t s  was  
also r e l a t ed  to  p u b e r t a l  decrease  of g o n a d o t r o p i n  tes-  
t i cu l a r  r ecep tors  3. T he  a i m  of t he  p r e s en t  work  has  been 
to d e t e r m i n e  w h e t h e r  g o n a d o t r o p i n  b i n d i n g  capac i t y  in 
es t rogenized  r a t s  m a y  be recovered  b y  l ong - t e rm  t r ea t -  
m e n t  w i t h  h u m a n  chor ionic  g o n a d o t r o p i n  (HCG) or 
p r e g n a n t  m a r e ' s  s e rum g o n a d o t r o p i n  (PMSG),  and  f u r t h e r  
to  cor re la te  t e s t i cu l a r  b i n d i n g  of I~5I-HCG w i t h  f o r m a t i o n  
of cyclic 3', Y - A M P  (cAMP) and  tes tos te rone .  
Mater ia l  and methods. Male r a t s  of t he  W i s t a r  s t r a in  b r ed  
in our  local  a n i m a l  room were in jec ted  on the  3rd pos t -  
n a t a l  d a y  w i t h  250 [xg es t rad io l  d i p r op i ona t e  (Agoffolin, 
Spofa). W h e n  30 days  old, t he  r a t s  were t r e a t e d  e i t he r  
w i t h  40 I U  of HCG (P readyn ,  Spofa), 30 I U  of P M S G  
(Gestyl ,  Organon)  or sal ine a t  3-day in te rva l s .  A t  the  
age of 65 days  (5 days  a f t e r  the  las t  in jec t ion) ,  t he  
an ima l s  were sacr i f iced b y  decap i t a t i on .  I o d i n a t i o n  of 
H C G  (k ind ly  d o n a t e d  b y  D r  1R. Canfield,  Co lumbia  
Unive r s i ty )  a n d  specif ic i ty  of 125I-HCG b i nd i ng  to  r a t  
tes t i s  was  descr ibed  p rev ious ly  3. In  brief,  1 5 0 0 •  tes-  
t i cu la r  b i n d i n g  f rac t ion  ( equ iva len t  to  40 m g  t issue)  was  
i n c u b a t e d  w i t h  5.10 -1. moles  12~I-HCG (specific a c t i v i t y  
32 Ci g- l )  in 0.01 moles  1-1 p h o s p h a t e  buffer  (pH 7.4) 
w i th  0.14 moles  sod ium chlor ide  a t  room t e m p e r a t u r e  
for 16 h.  The  r a d i o a c t i v i t y  of w a s h e d  pel le ts  was  de-  
t e r m i n e d  b y  c o u n t i n g  in g a m m a  spec t romete r .  Specific 
b ind ing  was ca lcu la ted  as the  dif ference b e t w e e n  t o t a l  
b i n d i n g  and  b i n d i n g  in t he  presence  of excess un labe l l ed  
ho rmone .  The  c o n c e n t r a t i o n  of c A M P  in t he  tes t i s  a n d  
p l a s m a  was d e t e r m i n e d  b y  G i l m a n ' s  p r o t e i n  b i n d i n g  
assay4, 5. The  slices of r a t  tes t i s  were i n c u b a t e d  for 20 min  
a t  37 ~ in K r e b s - R i n g e r  p h o s p h a t e  buf fe r  w i t h  6 m m o l e s  
1 -I. glucose a n d  7.5 mmoles  1-1 a m i n o p h y l l i n e  in t he  
presence  or absence  of 1 vg ml  -~ of l u t r o p i n  (LH).  
Tes to s t e rone  in p l a s m a  was m e a s u r e d  b y  the  radio-  
i m m u n o a s s a y  acco rd ing  to  S tah I  6 w i t h o u t  c h r o m a t o -  

g r a p h y  ( a n t i s e r u m  k ind ly  suppl ied  b y  Dr  F. S tahl ,  
Ber l in) .  The  a m o u n t  of p ro te in  in t he  t i ssue  was e s t i m a t e d  
b y  the  m e t h o d  of L o w r y  e t  al.L 
Results.  Specific b ind ing  of lzSI-HCG b y  t e s t i cu la r  h o m o -  
gena tes  in n e o n a t a l  e s t r a d i o l - t r e a t e d  r a t s  is decreased  
(table).  A f u r t h e r  d rop  of g o n a d o t r o p i n  b ind ing  was found  
in r a t s  t r e a t e d  w i t h  H C G  as f rom d a y  30 (p < 0.001). 
In  P M S G - t r e a t e d  ra t s  t he re  was an  increase  of gona-  
d o t r o p i n - b i n d i n g  capac i t y  above  t h a t  seen in sa l ine-  
in jec ted  es t rogenized  a n i m a l s  (p < 0.01). C o n c e n t r a t i o n  
of c A M P  in t e s t i s  and  p l a s m a  is decreased  on ly  in es t ro-  
genized or es t rogenized  a n d  H C G - t r e a t e d  rats .  The  
respons iveness  of r a t  t e s t i s  to  L H  in c A M P  syn thes i s  
is n o t  r e l a t ed  to changes  of g o n a d o t r o p i n  receptors .  The  
pe rcen t age  i n c r e m e n t  of c A M P  u n d e r  t he  ac t ion  of L H  
is e l eva ted  • es t rogenized  rats .  The  d rop  in p l a s m a  
levels of t e s t o s t e rone  in es t rogenized  r a t s  is c h a n g e d  
b y  the  l o n g - t e r m  ac t ion  of P M S G  (p < 0.01 c o m p a r e d  to  
sal ine t r e a t e d  es t rogenized  animals ) .  
Discussion.  I n  a g r e e m e n t  w i t h  p rev ious  s tudies  2, i t  h a s  
been  found  t h a t  n e o n a t a l  a d m i n i s t r a t i o n  of es t rad io l  to  
male  r a t s  depresses  I*~I-HCG b ind ing  to  t e s t i cu la r  recep-  
tors.  Th i s  decl ine  in f o r m a t i o n  of t e s to s t e rone  and  H C G  
b i n d i n g  si tes is no t  r e l a t ed  to changes  of p l a s m a  L H  
concen t r a t i on ,  wh ich  showed  l i t t l e  v a r i a t i o n  d u r i n g  
p o s t n a t a l  life 11. N e o n a t a l  e s t rogen iza t ion  of r a t s  resu l ted  
in a d rop  p l a s m a  F S H  levels t h r o u g h o u t  the  2 m o n t h  n,  
sugges t ing  t h a t  t he  def in i te  c o n c e n t r a t i o n  of F S H  could 
be  of i m p o r t a n c e  for a n o r m a l  d e v e l o p m e n t  of gonado-  
t r o p i n  recep tors  as well as f o r m a t i o n  of t e s tos te rone .  
The  s t i m u l a t o r y  effect  of F S H  on a c t i v a t i o n  of gonado-  
t r o p i n  recep tors  was d e m o n s t r a t e d  in o v a r i a n  cells 1.. 
Kinc l  e t  al. s r epo r t ed  t h a t  t r e a t m e n t  of es t rogenized  r a t s  
w i t h  P M S G  ful ly  res to red  gonada l  func t ion .  O u r  resu l t s  
go to show t h a t  P M S G  increased  g o n a d o t r o p i n  b i n d i n g  
and  p l a s m a  c o n c e n t r a t i o n  of t e s t o s t e rone  in es t rogenized  
ra ts ,  b u t  these  va lues  are  be low the  levels  of con t ro l  
an ima l s  n e o n a t a l l y  t r e a t e d  w i t h  oil. The  m a r k e d  d rop  
of g o n a d o t r o p i n  b i n d i n g  in es t rogenized  ra t s  t r e a t e d  
w i th  H C G  m i g h t  be  due  to  a decrease  in a v a i l a b i l i t y  

Specific testicular binding of 12SHCG, relative weight of testis and cAMP synthesis in estrogenized saline, HCG and PMSG treated 65-day-old 
rats 

Control Estrogenized 
Saline HCG PMSG 

I~I-HCG bound 10 -ls moles/mg protein 
Weight of testis mg/g b. wt 
cAMP 10 -13 moles/ml plasma 
cAMP 10 -11 moles/g testis 
cAMP* 10 -11 moles/g testis No LH 

LH 
Testosterone 10 -x~ moles/ml plasma 

9.1 4- 0.33 (12) 5.85 4- 0.15 ~ (8) 1.93 4- 0.19 c (12) 
9.59 4- 0.19 (6} 1.81 2~ 0.18 ~ (12) 3.29 4- 0.20 ~ (g) 

31.5 4-0.67 (5) 30.6 :J: 0.65 (13) 27.7 4-0.70 b (8) 
7.1 4- 0.85 (5) 4.1 4-0.17" (4) 5.0 4-0.33 (4) 
8.76 4- 0.24 (5) 9.22 ~ 1.17 (4) 9.35 4- 0.66 (4) 

20.5 4- 3.3 (5) 41.9 :k 8.1 (4) 24.4 -4- 2.3 (4) 
7.07 4- 0.81 (5) 0.46 ~ 0.09 c (10) 0.77 • 0.25 c (8) 

7.26 + 0.39~ (12) 
3.61 • 0.17o (9) 

33.6 4- 1,27 (10) 
5.5 4- 0.55 (4) 

11.5 -4- 1.24 (4) 
31.1 • 1.9 (4) 
1.79 4- 0.27 ~ (9) 

Differences significant at a p < 0.05; b p < 0.01; c p ~ 0.001 from the control group with the number of observations in parentheses. 
* Responsiveness of testis to LH at 20 min incubation. 
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of receptors ,  w i t h o u t  t h e i r  be ing  s a t u r a t e d  w i t h  exoge- 
nous  gonado t ropJn ,  as shown  b y  Sha rpe  ~ in t he  i m m a t u r e  
rat tes t is .  
I t  i s  genera l ly  accep ted  t h a t  t he  a c t i o n  of g o n a d o t r o p i n  
on  s tero idogenes is  is m e d i a t e d  v ia  f o r m a t i o n  of cAMP.  
Tes t i cu la r  g o n a d o t r o p i n - b i n d i n g  in r a t s  n e o n a t a l i y  
t r e a t e d  w i t h  sex h o r m o n e s  u n d e r w e n t  v a r i a t i o n  w h i c h  
d e p e n d e d  on  t he  f u n c t i o n a l  s t a t e  of t h e  t es t i s  ~, a n d  re- 
presents a su i t ab le  mode l  for s t u d y i n g  i ts  r e l a t ionsh ip  
to  changes  in syn thes i s  of c A M P  a n d  tes tos te rone .  The  
resu l t s  of t he  p r e s e n t  s t u d y  show t h a t  n e i t h e r  p l a s m a  
a n d  t e s t i s  levels of cAMP,  no r  respons iveness  of tes t i s  
to  L H  in c A M P  synthes i s ,  cor re Ia te  w i t h  t e s t i cu l a r  
g o n a d o t r o p i n  recep tors  a n d  s teroidogenesis .  I t  is poss ible  
t h a t  f o r m a t i o n  of c A M P  occur red  in cells n o t  i nvo lved  
in t e s t o s t e rone  p roduc t ion ,  or t h a t  n e o n a t a l  es t rogeniza-  
t ion  m a y  h a v e  uncoup led  c A M P  syn thes i s  f rom f o r m a t i o n  
of t e s tos t e rone .  Moyle  e t  al. ~4 obse rved  t h a t  L H  b i n d i n g  
to recep tors  i nvo lved  in c A M P  syn thes i s  m a y  be  d i f fe ren t  
t h a n  those  necessa ry  for t e s t o s t e r o n e  p r o d u c t i o n  in r a t  
Leydig  ceils. Moreover ,  C a t t  and  Dufau  1~ showed t h a t ,  
w i t h  inc reas ing  g o n a d o t r o p i n - b i n d i n g  in r a t  test is ,  t h e r e  
is a progress ive  rise in  c A M P  synthes is ,  desp i te  t he  fac t  
t h a t  a b o v e  1% o c c u p a n c y  t h e r e  is no  f u r t h e r  increase  
in t e s t o s t e rone  p roduc t ion .  In  our  e x p e r i m e n t s  on ly  
m a x i m a l  s t i m u l a t o r y  dose of L H  was usedla ,  a n d  so i t  

is d i f f icul t  to  exp la in  di f ference b e t w e e n  respons iveness  
in c A M P  a n d  g o n a d o t r o p i n  b ind ig  sites. However ,  t h e  
p a t t e r n  of changes  of t e s t i cu la r  r ecep to r s  in  es t rogen ized  
a n d  P M S G - t r e a t e d  r a t s  is r e l a t e d  to  p l a s m a  levels  of 
t e s tos t e rone ,  w h i c h  po in t s  to  a close r e l a t i onsh ip  b e t w e e n  
g o n a d o t r o p i n - b i n d i n g  c a p a c i t y  a n d  s te ro idogenes is  in t h e  
modi f ied  g o n a d a l  func t ion .  
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Summary. Male frogs a t  28 ~ show an  increase  in t he  tes t i s  we igh t  a n d  a decrease  in i ts  p r o t e i n  con t en t .  A t  15 ~ and  
4 ~ t he  tes t i s  l ipids increase.  Tes tos t e rone  a d m i n i s t r a t i o n  null if ies t he  low t e m p e r a t u r e - i n d u c e d  changes  in t h e  test is .  

Severa l  encyc lopedic  accoun t s  h a v e  been  pub l i shed  on  
t he  inf luence  of t e m p e r a t u r e  a n d  h o r m o n a l  c o m p o u n d s  
upon  t h e  a n u r a n  tes t i s  2-~. The  ava i l ab le  l i t e r a tu re  in- 
d ica tes  t h a t  adver se  e n v i r o n m e n t a l ,  h o r m o n a l  a n d  
n u t r i t i o n a l  fac tors  n o t a b l y  af fec t  t he  a n u r a n  tes t i s  a n d  
t he  s eve r i t y  a n d  t i m e  r e l a t i ons h i p  of t h e  response  of 
t h e  t es t i s  differs f rom species to  species. I t  is also well  
u n d e r s t o o d  t h a t  t he  spe rma togen i c  t i ssue  r e sponds  more  
read i ly  to  such  fac to rs  t h a n  t he  i n t e r s t i t i a l  t issue.  Ve ry  
l i t t l e  i n f o r m a t i o n  is, however ,  ava i l ab le  r ega rd ing  t he  
r e l a t i onsh ip  b e t w e e n  t h e  c h a n g i n g  tes t i s  compos i t i on  
and  tes t i s  func t ion .  
A d u l t  ma le  frogs were p rocu red  f rom t he  s u r r o u n d i n g s  
of Naples  and  d iv ided  in to  5 b a t c h e s  of 10 frogs each.  
3 b a t c h e s  were k e p t  a t  28~ 15~ and  4~ on  a 12 h 
l igh t :  12 h d a r k  schedule ,  for 7 days.  T he  r e m a i n i n g  2 
b a t c h e s  of frogs, k e p t  a t  15~ (12 h d a r k :  12 h l ight) ,  
were t r e a t e d  r e spec t ive ly  w i t h  50 txg t e s t o s t e r one  a n d  
50 tzg estradiol-17/L 3 equa l  f r ac t ions  of t he  t o t a l  dose 
of hormones ,  d i sso lved  in t he  phys io logica l  solut ion,  were  
i n j ec t ed  in to  dorsa l  sac on  a l t e r n a t e  days .  A t  t he  t i m e  
of sacrifice, frogs were ki l led w i t h  ch lo ro fo rm a n d  t he  
b . w t  a n d  fresh t es tes  we igh t  were de t e r m i ned .  1 tes t i s  
f rom each  an ima l s  was  used for t he  d e t e r m i n a t i o n  of 
t o t a l  l ip ids  (according to  de L a  H u e r g a  5) a n d  p r o t e i n s  
(according to L o w r y  e t  al."), whereas  t h e  c o n t r a l a t e r a l  
tes t i s  was  used for o b t a i n i n g  d r y  weight .  
H i g h  t e m p e r a t u r e  (28~ s t i m u l a t e s  tes t i s  we igh t  
(p < 0.05) b u t  decreases  t he  w a t e r  a n d  p r o t e i n  c o n t e n t s  
(p < 0.001 a n d  p < 0.001; table) .  T he  tes t i s  l ip ids  

show no s ign i f i can t  a l t e r a t i o n  a t  28 ~ as c o m p a r e d  w i t h  
t he  in i t i a l  va lue  (p = 0.2). H i g h  t e m p e r a t u r e  inf luence  
is a lways  a c c o m p a n i e d  b y  the  s t i m u l a t i o n  of s p e r m a t o -  
genesis a n d  regress ion  of t h e  i n t e r s t i t i a l  t i s sue  a. F rogs  
k e p t  a t  lower t e m p e r a t u r e s  (i.e. 15~ a n d  4~ do n o t  
show a n y  c h a n g e  in  the i r  t e s t i s  w e i g h t  b u t  the  t e s t i cu la r  
l ipid c o n c e n t r a t i o n  rises s ign i f i can t ly  (p < 0.02 a n d  
p < 0.01 respect ively) .  A t  15~ no  a l t e r a t i o n  is f ound  
in t he  t e s t i cu la r  p ro t e in  c o n c e n t r a t i o n ,  whereas  a t  4~ 
a s ign i f ican t  decrease  is obse rved  (p < 0.001). As far  
as t h e  tes t i s  f u n c t i o n  is concerned ,  low t e m p e r a t u r e s  
usua l ly  i m p a i r  spe rma togenes i s  a n d  s t i m u l a t e  t he  in te r -  
s t i t i a l  t i ssue  a. A d m i n i s t r a t i o n  of t e s t o s t e rone  to frogs 
a t  15~ g r ea t l y  s t i m u l a t e s  t h e  t es t i s  d r y  we igh t  (i.e. a 
decrease  in w a t e r  con ten t )  as c o m p a r e d  w i t h  frogs a t  
15~ (p < 0.001). On t he  o t h e r  h a n d ,  t he  p r o t e i n  c o n t e n t  
of t he  t es t i s  in t e s t o s t e r o n e - t r e a t e d  frogs g r ea t l y  de-  
creases,  a n d  b o t h  t he  d r y  we igh t  a n d  p r o t e i n  c o n c e n t r a -  
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