
15. 11. 1977 Specialia 1533 

Effect  of  e s t r o g e n s  on  L H -  a n d  F S H - l e v e l s  in  p r e p u b e r a l  m a l e  and  f e m a l e  a n d r o g e n i z e d  r a t s  1 
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Summary. This paper  has  d e m o n s t r a t e d  t h a t  neona ta l  androgeniza t ion  increases in p repubera l  male and  female ra t s  
the  FSH- leve l s  w i t h o u t  changes  in LH,  indicat ing t h a t  the  sexual  differences in the  contro l  o~ F S H  is a r e l evan t  
process  t h a t  takes  place dur ing  the  d i f fe ren t ia t ion  of the  h y p o t h a l amu s .  

It is cur ren t ly  assumed t h a t  t es tos te rone ,  which is secre ted  
b y  the  tes tes  a round  the  t ime of b i r th ,  affects  cer ta in  
h y p o t h a l a m i c  areas,  so t h a t  the  cyclic h y p o t h a l a m i c  
contro l  of gonado t roph in  secre t ion typ ica l  of t he  female 
is suppressed  and a mascul ine  or ' tonic '  d e v e l o p m e n t  
ensues a. This  tonic  cont ro l  charac te r i s t ica l ly  shows 
h igher  levels of F S H  4. Moreover,  neona ta l  admin i s t r a t ion  
of androgens  p roduced  in the  male  the  d e v e l o p m e n t  of an 
hype r ton ic  h y p o t h a l a m u s  wi th  h igher  levels o f  F S H  t h a n  
in normal  males ~. In  a previous  pape r  ~ i t  has  been demon-  
s t r a t ed  t h a t  the  admin i s t r a t i on  of es t rogens  to  p repube r t a l  
female rats ,  31 days  old, p roduced  an increase in the  
ovar ian  weight  in the  normals  and  a decrease in t he  
neona ta l  androgenized  ra t s ;  and  we proposed  t h a t  
androgen iza t ion  affects the  d e v e l o p m e n t  of the hypotha- 
lamic mechan i sms  impl ica ted  in the  pos i t ive  feed-back  
effect  of es t rogens  on gona t rodoph in  secret ion.  Since such 
posi t ive  act ion of es t rogens  appears  to be a ve ry  i m p o r t a n t  
mechan i sm in t he  female,  impl ica ted  in the  ovu la to ry  
process,  it  seems to  be of in te res t  to compare  the  effect  of 
es t rogens  on LH-  and  FSH-sec re t ion ,  separa te ly ,  in 
p repubera l  androgenized  female wi th  normal  male and 
female rats .  These s tudies  were also ex t ended  to andro-  
genized male rats ,  in which  a l te ra t ions  in the  h y p o t h a -  
lamic control  of g o n a d o t r o p h i n  secret ion were also de- 
scr ibed s. 
Material and methods. I m m a t u r e  male  and female ra t s  of 
t he  s t ra in  of t he  In s t i t u t e  of Physiology,  Buenos  Aires 
Medical  School, m a i n t a i n e d  in t e m p e r a t u r e  and  l ight  
(12 h l ight /day)  control led  qua r t e r s  w i th  free access to  
Pur ina  L a b o r a t o r y  chow and  t a p  wa te r  were used. 
Androgen iza t ion  was accompl i shed  by  in jec t ing  the  
pups  wi th  I m g  of t e s tos te rone  p rop iona te  dissolved in 

0.1 ml  of sesame oil on the  2 nd  p o s t p a r t u m  day.  Controls  
were in jec ted  wi th  the  vehicle. Normal  and . androgen ized  
ra ts  were in jec ted  s.c. a t  29 days  old e i ther  w i th  10 ~tg 
of es t radiol  benzoa te  dissolved in 0,1 ml p e a n u t  oil, or 
wi th  the  vehicle (control  groups). Animals  were sacrificed 
by  decap i t a t ion  24 h af ter  the  inject ion,  and  blood was 
t a k e n  f rom the  t runk .  Blood s a m p l e s - w e r e  al lowed to  
clot  a t  4~ cent r i fuged and  serum sepa ra t ed  and_ k e p t  
frozen unt i l  assayed.  LH-  and  F S H - c o n c e n t r a t i o n  in 
se rum was assayed a t  2 dose levels, using a r ad io immuno-  
assay ki ts  suppl ied  by  the  N I A M D - R a t  P i t u i t a r y  Pro-  
gram. Pure  ra t  L H  and F S H  were iod ina ted  using the  
c loramine  T-method% Concent ra t ions  of gonado t roph ins  
were expressed  in ng /ml  on the  basis of t he  s t a n d a r d  
suppl ied  (RP-1).  
The  significance of t he  difference be tween  the  groups was  
ca lcula ted  by  var iance  and by  the  Tukey ' s  me t h o d  s. 
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Table 1. Effect of estrogens on LH- and FSH-secretion in normal and 
androgenized prepuberal female rats 

Table 2. Effect of estrogens on LH- and FSH-secretion in normal and 
androgenized prepuberal male rats 

Groups LH (ng/ml) FSH (ng/ml) Groups LH (ng/ml) FSH (ng/ml) 

A. Control 33.1 4- 5.2* 161.7 + 14.4 A. Control 30.8 i 2.1 408.2 4- 43.3 
(9) (10) (12) 

B. Control and estrogens 15.5 -4- 3.1 174.3 4- 26.7 
]3. Control + estrogens 51.7 4- 6.3 228.2 • 18.3 (10) (12) 

(9) C. Androgenized 33.8 • 6.4 538.0 4- 30.2 
C. Androgenized 36.1 4- 5.3 260.8 4- 30.3 (11) (11) 

(10) D. Androgenized and estrogens 14.3 4-4- 3.1 59.3 4- 6.0 
D. Androgenized and estrogens 13.6 4- 2.0 145.3 -4- 22.2 (11) (11) 

(10) Ratio p < 0.01 p < 0.01 
Ratio p < 0.01 p < 0.01 p < 0.01 between A vs B A vs B 
p < 0.01 between A vs B A vs B A vs D A vs C 

A v s D  A v s C  B v s C  A v s D  
B v s C  Bvs  D C v s D  B v s C  
B v s D  C v s D  B v s D  
C vs D C vs D 

* Mean 4- SE. Number of animals are in parenthesis. *Mean • SE. Number of animals are in parenthesis. 
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Results. As can  be seen in t h e  t ab les  1 and  2, n e o n a t a l  
a n d r o g e n i z a t i o n  increases  t he  FSH- leve l s  w i t h o u t  a l t e r ing  
L H - c o n c e n t r a t i o n s  in p r e p u b e r a l  male  and  female  r a t s  
of 30 days  of age. Tab le  1 shows t h a t ,  whi le  n o r m a l  female  
r a t s  t r e a t e d  w i th  es t rogens ,  showed 24 h l a t e r  h ighe r  
levels of L H  a n d  F S H  t h a n  t h e  controls ,  t he  a d m i n i s t r a -  
t ion  of e s t r o g e n s  i nduced  in t he  androgen ized  g roup  a 
s ign i f ican t  decrease  in t he  levels of b o t h  gonado t r oph in s .  
On t he  o t h e r  h a n d ,  t he  a d m i n i s t r a t i o n  of es t rogens  to 
p r e p u b e r a l  ma le  rats ,  30 days  old ( table  2), p roduced  a 
r e d u c t i o n  in t he  L H -  a n d  FSH- leve l s  in n o r m a l  a n d  
and rogen i zed  ra ts ,  b u t  t h e  i n h i b i t i o n  in t he  F S H - l e v e l s  
obse rved  in t he  and r ogen i zed  group,  was  s ign i f i can t ly  
g rea t e r  t h a n  in t he  con t ro l s  (89% vs  57% respect ive ly) .  
Consequen t ly ,  F S H - c o n c e n t r a t i o n s  were lower in  t he  an-  
d rogenized  ma le  r a t s  t r e a t e d  w i t h  es t rogens  t h a n  in t he  
con t ro l s  w i t h  a s imi lar  t r e a t m e n t .  
Discussion. The  resu l t s  here  r epo r t ed  showed  t h a t n e o n a t a l  
a n d r o g e n i z a t i o n  inc reases  t he  FSH- leve l s  in p r e p u b e r a l  
male  and  female  ra ts .  Accord ing  to  t he  c u r r e n t  concep t s  
on  t h e  sexua l  d i f f e r en t i a t i on  s, i t  could be  p o s t u l a t e d  t h a t  
t h e  increase  in t he  F S H - l e v e l s  obse rved  in the  a n d r o g e n -  
ized female  r a t s  is c o n n e c t e d  w i t h  the  d e v e l o p m e n t  of a 
ton ic  or male  con t ro l  of g o n a d o t r o p h i n  secret ion,  since 
t he  p r e p u b e r a l  s tage t h a t  cha rac t e r i s t i c a l l y  shows h ighe r  
levels of F S H  t h a n  t h e  female  t y p e  of con t ro l  4. On t he  
o t h e r  h a n d ,  t h e  h ighe r  levels  of F S H  obse rved  in t h e  
androgen ized  male  r a t s  as c o m p a r e d  w i t h  t h e  normals ,  
gives an  a d d i t i o n a l  s u p p o r t  to  t he  h y p o t h e s i s  t h a t  t he  

presence  of a n d r o g e n s  in  the  f i rs t  days  of life is respons ib le  
for t he  h i g h e r  levels of F S H  t h a t  cha rac te r i ze  t h e  ma le  
con t ro l  of g o n a d o t r o p h i n  secret ion,  a n d  also shows t h a t  
an  a d d i t i o n a l  dose of t e s t c s t e r o n e  du r ing  t he  f i rs t  days  
of life is able  to  deve lop  in t he  p r e p u b e r a l  male  a t y p e  of 
p i t u i t a r y  con t ro l  w i t h  h ighe r  levels of F S H  t h a n  those  
obse rved  w h e n  physio logica l  levels of and rogens  are 
p resen t .  W h i l e  t he  a d m i n i s t r a t i o n  of es t rad io l  to  pre-  
p u b e r a l  female  30-day-old  r a t s  i nduced  a n  increase  in t h e  
L H  and  F S H ,  t he re  was  a s ign i f ican t  r educ t i on  of b o t h  
g o n a d o t r o p h i n s  in  and rogen i zed  female  r a t s  as well  as 
in n o r m a l  a n d  and rogen ized  male  ra ts .  These  r e su l t s  
a p p e a r  to  i n d i c a t e  t h a t  n e o n a t a l  and rogen i za t i on  in t h e  
female  ra ts ,  bes ides  inc reas ing  FSH- leve l s ,  a l t e red  t h e  
n o r m a l  m e c h a n i s m s  impl i ca t ed  in the  d e v e l o p m e n t  of t he  
pos i t ive  f eed -back  effect  of es t rogens  on  g o n a d o t r o p h i n s  
secret ion.  Since es t rogens  p roduced  a s imi la r  r e d u c t i o n  
in F S H -  a n d  LH- leve l s  in  n o r m a l  male  and  androgen ized  
female,  i t  could  be  cons idered  t h a t  t he  pos i t ive  f eed-back  
effect  of e s t rogens  is also a sexua l ly  d i f f e ren t i a t ed  func t i on  
a n d  i ts  d e v e l o p m e n t  is i m p a i r e d  b y  t he  presence  of 
t e s t o s t e r o n e  in t he  f i rs t  days  of life. 
The  a n d r o g e n i z a t i o n  of ma le  r a t s  increased  t he  F S H -  
sens ib i l i ty  to  t h e  nega t i ve  f eed-back  effect  of es t rogens .  
This  f ac t  could  be  a d d i t i o n a l  ev idence  t h a t  the  m e c h a n i s m  
of con t ro l  of F S H  is a r e l e v a n t  process  t h a t  t akes  place  
du r ing  t h e  sexua l  d i f f e r en t i a t i on  of h y p o t h a l a m u s ,  
in f luenced  b y  t h e  presence  of sexua l  h o r m o n e s  in t h e  
f i rs t  days  of life. 
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Summary. The  p r e t r e a t m e n t  of i r r ad i a t ed  mice b y  cyp ro t e rone  ace t a t e  h a d  a b e t t e r  r a d i o p r o t e c t i v e  effect  in compar i son  
w i t h  o r c h i d e c t o m y ,  a l t h o u g h  t he  we igh t  of t he  t h y m u s  was lower in  t he  c y p r o t e r o n e  ace t a t e  group.  The  r a d i o p r o t e c t i v e  
m e c h a n i s m s  i n v o l v e d  in b o t h  cases were discussed.  

The  reduced  i m m u n o c o m p e t e n c e  a c c o m p a n y i n g  t he  
t h y m o l y t i c  effect  of a n d r o g e n s  is expec t ed  to e n h a n c e  
t he  s ens i t i v i t y  of m a m m a l s  to  ionizing r a d i a t i o n  3. Never -  
theless ,  t he  r epo r t s  on t he  rad iosens i t i z ing  effects  of 
a n d r o g e n s  (and on  t he  r a d i o p r o t e c t i o n  p rov ided  b y  es- 
t rogens)  are r a t h e r  con t rove r s i a l  3. This  m a y  be  due  to  t he  
role of the  t i m e - i n t e r v a l  b e t w e e n  i r r ad i a t i on  a n d  t he  in te r -  
v e n t i o n  in t he  h o r m o n a l  s t a t u s  - d u r i n g  th i s  per iod,  t h e  
r egene ra t i on  of t he  t h y m u s  a n d  t he  i m m u n o c o m p e t e n c e  
m a y  be  res tored .  Male mice were the re fore  p r e t r e a t e d  b y  
t he  a n t i a n d r o g e n  c y p r o t e r o n e  ace ta te .  Af te r  a s u b s e q u e n t  
i r r ad ia t ion ,  t he  m o r t a l i t y  was  c o m p a r e d  w i t h  t h a t  of 
i r r a d i a t e d  mice  h a v i n g  no  p r e t r e a t m e n t .  The  expec ted  
r a d i o p r o t e c t i v e  effect  of c y p r o t e r o n e  ace t a t e  was  ob- 
t a ined ,  b u t  t he  a d m i n i s t r a t i o n  of th i s  d rug  to  i r r a d i a t e d  
mice  was a c c o m p a n i e d  a t  t h e  age of 14 weeks b y  a 
decrease  in we igh t  of t he  t h y m u s ,  n o t  obse rved  in ir-  
r a d i a t e d  mice  p r e t r e a t e d  b y  o rch idec tomy.  T he  m e c h a -  
n i s m  of r a d i o p r o t e c t i o n  i nduced  b y  c y p r o t e r o n e  ace t a t e  
t he re fo re  r e m a i n s  to  be  exp la ined .  
Materials and methods. 5-week-old male  mice (Velaz 
breeding)  were k e p t  in  g roups  of 10-20 an i m a l s  in  p las t i c  
boxes .  The  mice  were da i ly  exposed  to  l igh t  for 12 h, t h e  
room t e m p e r a t u r e  was  m a i n t a i n e d  a t  24 -t- 2 ~ I n  g roup  
1 c a s t r a t i o n  was p e r f o r m e d  in e t h e r  narcos is  a t  t h e  age 

of 5 weeks. Af t e r  the  l iga t ion  of t he  d u c t u s  deferens,  t h e  
t es tes  a n d  ep id idymis  were r e m o v e d  a n d  t he  w o u n d  was 
powdered  w i t h  n e o m y c i n  and  b a c i t r a c i n  (F r amyko in ,  
Spofa). I n  t h e  con t ro l  g roup  (2), a s h a m  ope ra t i on  (open- 
ing of t he  sc ro tum)  was executed .  In  g roup  3 c y p r o t e r o n e  
ace t a t e  (6-chloro-17-hydroxy-1,2-methylene-pregna-4,6- 
dien-3 ,20-dione  ace ta te ,  A n d r o c u r  Scher ing  AG, Ber l in)  
was  added  to  t he  food a t  t he  age of 7 weeks in a da i ly  
dose of 1 mg/100  g b .wt .  The  d rug  was a d m i n i s t e r e d  for 
14 days,  t h e  a m o u n t  of food c o n s u m e d  b y  1 a n i m a l  was  
in genera l  3 g a day.  A t  the  age of 10 weeks (5 weeks  
a f te r  ca s t r a t i on ,  3 weeks a f t e r  t he  b e g i n n i n g  of cyp ro t e rone  
ace t a t e  a d m i n i s t r a t i o n  a n d  1 week  a f t e r  s topp ing  t h i s  
medica t ion) ,  all  3 g roups  were i r r ad ia t ed  b y  6~ A 4 th  
group  w i t h  no  o the r  i n t e r v e n t i o n  was also i r r ad i a t ed  a t  
t he  age of 10 weeks. The  exposure  was 700 r ad  w i t h  a 
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