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TEE EFFECT CF ESTRADIOL BENZOATE ON TEE ANTERIOR PITUITARY 

OF ADUIT FEMALE CASTRATE EATS

CHAPTER I  

INTRODUCTION

H arvey  C-ushing ( 191O ), a f t e r  s u c c e s s f u l ly  h y p o p h y sec to m lz lu g  d o g s , 

n o te d  t h a t  th e s e  a n im a ls  d ev e lo p ed  s e x u a l  Im potency w ith  a tro p h y  o f  th e  

gonads. In  1921, H e rb e r t  Evans found  t h a t  a lk a l in e  e x t r a c t s  o f  b e e f 

p i t u i t a r y  t i s s u e  when in je c te d  i n t r a p e r i t o n e a l l y  would p ro d u ce  e n la r g e ­

m ent o f  th e  r a t  o v a ry . Trem endous im petus t o  th e  e x p e r im e n ta l  s tu d y  o f 

th e  p i t u i t a r y  g la n d  fo llo w e d  th e  developm ent o f  th e  p a ra p h a ry n g e a l method 

o f hypophysectom y by P h i l l i p  E , S m ith  ( I 926 ) .

A f t e r  u n i t i n g  a  norm al and a c a s t r a t e  r a t  in  p a r a b io s i s ,  K a lla s  

( 1930) fo u n d  t h a t  p re c o c io u s  s e x u a l  developm ent o f  th e  n o rm a l p a r t n e r  was 

p re v e n te d  by i n j e c t i n g  an o v a r ia n  e x t r a c t  in to  th e  c a s t r a t e d  p a r a b io n t .  

S in c e  th e  e a r ly  m a tu ra t io n  o f n o rm a l r a t s  u n d e r  th e s e  c irc u m s ta n c e s  was 

th o u g h t t o  be due to  th e  in c re a s e d  s e c r e t i o n  o f  th e  p i t u i t a r y  o f th e  

c a s t r a t e  p a r tn e r ,  i t  became c l e a r  t h a t  th e  ov ary  e x e r te d  some c o n t r o l  

o v e r th e  p i t u i t a r y  g la n d .

Many s tu d ie s  have been co n d u cted  t o  e s t a b l i s h  th e  im p o rtan ce  o f 

p i t u i t a r y  g la n d  i n  g o n a d a l f u n c t io n ,  and c o n v e r s e ly , num erous s tu d ie s  

have been  made to  d e te rm in e  th e  g o n a d a l in f lu e n c e s  on th e  h y p o p h y s is .
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A lthough many f a c t s  c o n ce rn in g  th e  I n t e r r e l a t i o n s h i p  hetw een hypophysis  

and gonads have heen  e s ta b l is h e d ^  th e  s p e c i f i c  m anner in  which th e  

hormones fro m  th e s e  tw o g la n d s  a f f e c t  th e  i n t r a c e l l u l a r  p ro c e ss e s  o f one 

a n o th e r  h a s  n o t  been  made c l e a r .

Two f a c t o r s  have h in d e re d  th e  acc u m u la tio n  o f s p e c i f i c  i n f o r ­

m ation  p e r t a in in g  t o  th e  f u n c t io n a l  r e c i p r o c i t y  o f  th e  p i t u i t a r y  g la n d  

and th e  g o n ad s, nam ely: ( l )  D if f e r e n c e s  o f  o p in io n  e x i s t e d  co n ce rn in g

th e  n a tu r e  o f  th e  g o n a d o tro p ic  f a c t o r s .  Some i n v e s t i g a t o r s  m a in ta in ed  

t h a t  th e  p i t u i t a r y  g la n d  c o n ta in e d  a  s in g le  g o n a d o tro p in  and b e lie v e d  

t h a t  i t s  d i f f e r e n t  e f f e c t s  were due to  q u a n t i t a t i v e  v a r i a t i o n s .  O th e rs  

m a in ta in e d  t h a t  th e  g la n d  c o n ta in e d  m u l t ip le  g o n a d o tro p ic  f a c t o r s  w ith  

each  e x h ib i t in g  s p e c i f i c  e f f e c t s .  (2) The l a c k  o f  a s ta n d a rd iz e d  m ethod 

o f  s tu d y  w hich h a s  r e s u l t e d  in  th e  use  o f  many d i f f e r e n t  m ethods, in c lu d ­

in g  num erous v a r i a b l e s ,  a s  enum erated  in  th e  fo llo w in g : a) Many s t r a i n s

o f  mmerouB s p e c ie s  o f  an im a ls  have  been  u sed  to  s tu d y  th e  r e l a t io n s h ip  

betw een th e  p i t u i t a r y  g la n d  and g o n ad s. The re s p o n se s  observed  in  th e s e  

s tu d ie s  have been v a r i a b le  and a r e  o f te n  d i f f i c u l t  to  c o r r e l a t e ,  b) The 

age ran g e  o f  th e  an im a ls  h a s  in c lu d e d  th o s e  from  th e  new born to  t h e  s e n i l e  

a d u l t .  T h is  i s  an im p o r ta n t c o n s id e r a t io n ,  s in c e  a  re d u c ed  s e n s i t i v i t y  

t o  e s t r o g e n s  and an d rogens h as  been  o b serv ed  w ith  in c re a s e  in  ag e . 

c ) The e s tr o g e n  and androgen  d o sag es  have v a r ie d  w id e ly , d) The e x p e r i ­

m e n ta l tim e  i n t e r v a l s  have ran g ed  from  th r e e  days t o  tw o y e a r s ,  e ) D i f ­

f e r e n t  ty p e s  o f  an im a ls  — n o rm a l, c a s t r a t e  and hypophysectom ized  — have 

been  used  in  th e s e  s tu d ie s  w ith  each  ty p e  g iv in g  a  d i f f e r e n t  re sp o n se , 

f )  B oth  n o rm al and hypophysectom ized  m ale and fem a le  a n im a ls  (u s u a l ly  

r a t s )  have been  u sed  to  a s s a y  th e  p i t u i t a r y  g la n d s  f o r  th e  g o n ad o tro p ic
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honnones. The r e s u l t s  have v a r ie d  depend ing  upon age and w e ig h t o f  th e  

anim al^ tim e  o f i n j e c t i o n  and tim e  o f a u to p sy , g) The p i t u i t a r y  g la n d s  

have been  p re p a re d  f o r  a s s a y  in  th e  fo l lo w in g  m anner; 1) f r e s h  t i s s u e  

im p lan ted  im m edia te ly  p o s t - o p e r a t iv e ,  2) su sp e n s io n s  made from  d r ie d  

t i s s u e ,  3) e x t r a c t s ,  4) hom ogenates. h) The ro u te s  o f  a d m in is t r a t io n  

have v a r ie d ;  some b e in g  made s u b c u ta n e o u s ly , o th e r s  i n t r a p e r i t o n e a l l y  

and s t i l l  o th e r s  in t r a v e n o u s ly .

I n  s p i t e  o f  th e  a p p a re n t  c o n fu s io n  and d i s c r e p a n c ie s ,  c e r t a i n  

c o n cep ts  have been e s t a b l i s h e d  and a r e  g e n e r a l ly  a c c e p te d . I t  i s  known 

t h a t  th e  p i t u i t a r y  g la n d  and gonads a r e  c lo s e ly  i n t e r r e l a t e d  f u n c t io n a l ly .  

The p i t u i t a r y  g la n d  c o n ta in s  th r e e  g o n a d o tro p ic  f a c t o r s  w hich a re  p r e s e n t  

in  b o th  sex es  and a re  e s s e n t i a l  f o r  no rm al g o n ad a l f u n c t io n .  F o l l i c l e  

s t im u la t in g  hormone (FSH) and l u t e i n i z i n g  hormone (LH) a f f e c t  com parable  

t i s s u e s  in  th e  two sex e s  and th e  s i t e  o f a c t io n  o f th e  l u t e o t r o p i c  h o r ­

mone (ITS) i s  e s t a b l i s h e d  in  th e  fem ale  b u t n o t  in  th e  m ale .

The gonads, u n d e r th e  in f lu e n c e  o f th e  p i t u i t a r y  g o n a d o tro p ic  

horm ones, p roduce s e v e r a l  e s tro g e n s  and an d ro g en s. T hese  s t e r o i d  h o r ­

mones a re  t r a n s p o r te d  th ro u g h o u t th e  body in  th e  b lo o d  and a f f e c t  many 

t i s s u e s ,  p a r t i c u l a r l y  m uscle  and bone. The two ty p e s  o f  horm ones have 

s im i la r  e f f e c t s  on th e  d i f f e r e n t  g o n a d o tro p in s .

The s p e c i f i c  a c t i o n s  o f  e s t ro g e n s  and an d rogens on th e  p i t u i t a r y  

g o n a d o tro p in s  a re  n o t  c o m p le te ly  e lu c id a te d .  They a re  b o th  known to  

have an  in f lu e n c e  upon th e  f u n c t io n  o f  FSH and LH, s in c e  th e y  b o th  induce 

a  r e l e a s e  o f  IE and i n h i b i t  FSH. However, a  s m a l le r  dose  o f  e s tr o g e n  i s  

r e q u ir e d  to  p roduce th e s e  in f lu e n c e s  upon th e  g o n a d o tro p in s .
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The s p e c i f i c  p u rp o se  o f t h i s  s tu d y  i s  t o  en d eav o r t o  d e te rm in e  

w hether e s t r o g e n ,  in  a d d i t io n  t o  c a u s in g  a  r e l e a s e  o f IE , in f lu e n c e s  

i t s  s y n th e s i s .  A 1 .0  ;pg. d a i ly  dose  o f  e s t r a d i o l  h e n zo a te  f o r  30 days 

cau ses  a r e l e a s e  o f IE w ith  r e l a t i v e l y  l i t t l e  rem a in in g  a t  th e  te r m in a t io n  

o f th e  i n j e c t i o n  p e r io d .  I f  1 .0  p Q .  o f  e s t r a d i o l  h en zo a te  i s  c a p a b le  o f  

p ro d u c in g  t h i s  e f f e c t  in  30 days and  i f  e s t r o g e n  in f lu e n c e s  LII s;i>nthesis,

2 5 .0  p 8 ‘ g iv e n  o v e r a  lo n g e r  i n j e c t i o n  p e r io d  sh o u ld  a c c e n tu a te  th e  

e s t r o g e n ic  a c t i v i t y  upon t h i s  p ro c e s s .

C o n se q u e n tly , a  com parison  o f  th e  e f f e c t s  o f  sm a ll and la rg e  

amounts o f  e s t r o g e n  in je c te d  f o r  r e l a t i v e l y  lo n g  and s h o r t  p e r io d s  h as  

heen e v a lu a te d .



CHAPTER I I

HISTORY

P h y s io lo g y  o f  th e  P i t u i t a r y  and Ovary 

The f u n c t io n a l  s ig n i f ic a n c e  o f  th e  p i t u i t a r y  g lan d  was re c o g n iz e d  

In  th e  d e s c r ip t i o n  o f  acrom egaly  hy P i e r r e  M arie  In  I 8 86 . A lm ost 25 

y e a r s  l a t e r ,  dogs i/e re  s u c c e s s f u l ly  hypophysectom ized  hy H arvey C ushing  

( 1910) and a s  a  r e s u l t  o f  h i s  w ork, a t t e n t i o n  was fo cu sed  on th e  e f f e c t  

o f th e  p i t u i t a r y  upon th e  g o n ad s. Hew Im petus was a g a in  added to  t h i s  

f i e l d  o f s tu d y  when P h i l l i p  E . S m ith  (1926) In tro d u c e d  th e  p a ra p h a ry n g e a l 

method o f  hypophysectom y. S in c e  th e n  o u r know ledge of p i t u i t a r y  f u n c t io n  

has  accu m u la ted  r a p id ly .

The im p o rta n t d is c o v e ry  o f  two gonad s t im u la t in g  su b s ta n c e s  In  

th e  u r in e  o f  women was made hy th e  n o te d  German I n v e s t ig a t o r s ,  A scheim  

and Zondek (1 9 2 7 ). One hormone was found  In  th e  u r in e  o f p re g n a n t women, 

th e  o th e r  In  th e  u r in e  o f  m enopausal women. They assumed t h a t  h o th  h o r ­

mones ^vere o f  p i t u i t a r y  o r i g i n .  However, th e  hormone fo u n d  In  p regnancy  

u r in e  h a s  s in c e  heen  shown t o  he o f p l a c e n t a l  o r ig i n  and o f a  d i f f e r e n t  

n a tu r e  from  th o s e  found  in  th e  p i t u i t a r y  g la n d , w h ile  th e  hormone fo und  

In  th e  m enopausal u r in e  h a s  heen  shown t o  he o f  p i t u i t a r y  o r ig in  and I s  

p r im a r i ly  f o l l i c l e  s t im u la t in g  hormone.

The p re se n c e  o f th e  ov ary  In  women h a s  h een  known f o r  c e n tu r i e s .
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"but i t  was n o t  m t i l  a s  l a t e  a s  18814-, t h a t  B is c h o f f  p roved  t h a t  th e  ova 

m atiire p e r i o d i c a l l y  and i t  was n o t  -u n t i l  I 927 t h a t  C o rn er made th e  

im p o rtan t o b s e rv a t io n  t h a t  m e n s t ru a t io n  co u ld  o ccu r w ith o u t o v u la t io n .

B io c h em is ts  were m aking in te n s iv e  e f f o r t s  in  th e  l a t e  1920 's  t o  

i s o l a t e ,  c r y s t a l l i z e  and s y n th e s iz e  th e  sex  horm ones. A lthough  th e  

fem ale  sez hormones had heen i s o l a t e d  e a r l i e r  in  th e  im pure fo rm , i t  

rem ained f o r  D o isy  ( 1927) and B u te n a n d t (1929) , w orking  in d e p e n d e n tly , 

to  i s o l a t e  and c r y s t a l l i z e  e s t r o n e .  B u ten an d t (1933) s y n th e s iz e d  e s tro n e  

from  palm  n u t s .  I t  h as  s in c e  heen  shov/n t h a t  e s t r a d i o l  i s  a l s o  a  s e c r e ­

t o r y  p ro d u c t o f t h e  o v a ry .

As in fo rm a tio n  accu m u la ted  c o n c e rn in g  th e  f u n c t io n  o f  th e  p i t u i t a r y  

g lan d  and th e  g o n ad s, i t  became a p p a re n t t h a t  th e y  w ere i n t e r r e l a t e d .

Moore and P r ic e  (1932) r e p o r te d  t h a t  m ost re p ro d u c tiv e  phenomena co u ld  

he e x p la in e d  on th e  b a s i s  o f a  g o n a d o - p i tu i ta r y  i n t e r r e l a t i o n s h i p .

Two p i t u i t a r y  g o n a d o tro p ic  horm ones were p o s tu la te d  hy F e v o ld , e t  

a l . ,  ( 1931) and L eonard  (1 9 3 2 ). F e v o ld , H isaw , H ellhaum  and H ertz  (1933) 

and V allen -L aw ren ce  (193^) a lo n g  w ith  o th e r s ,  f r a c t i o n a t e d  c h e m ic a lly  

two p i t u i t a r y  g o n a d o tro p ic  f a c t o r s .

Much o f th e  c r i t i c i s m  c o n c e rn in g  th e  p re sen c e  o f  two p i t u i t a r y  

horm ones was r e l a t e d  t o  th e  f a c t  t h a t  th e  s e p a ra t io n  o f  th e  two f a c t o r s  

was a c c o rp l is h e d  c h e m ic a lly  and many w orkers  b e l ie v e d  t h a t  th e y  r e p r e ­

s e n te d  c h em ica l a r t e f a c t s .  Ho-wever, H ellhaum  (1933, 1935) s tu d ie d  th e  

p i t u i t a r y  g la n d s  o f  h o rs e s  v a ry in g  in  age from  unhom  f e tu s e s  t o  s e n i l e  

a d u l t s  and e s ta b l i s h e d  th e  f a c t  t h a t  FSH and LH -were s e p a r a te  e n t i t i e s  

■under v a ry in g  p h y s io lo g ic a l  c o n d i t io n s .  A l l  o f th e  p i t u i t a r i e s  were 

t r e a t e d  in  an  i d e n t i c a l  m anner c h e m ic a lly .
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I n  th e  m eantim e i t  has  h een  shown hy many w o rkers  t h a t  th e  

p i t u i t a r y  g la n d  c o n ta in s  two g o n a d o tro p ic  f a c t o r s  w hich have s e p a r a te  

and d i s t i n c t  a c t i v i t i e s .  I t  h a s  a l s o  heen  n o te d  t h a t  th e s e  tw o hormones 

'f u n c t io n  to g e th e r  and com plem ent each  o th e r  (F ev o ld , Hisaw and G reep ,

1937; F e v o ld , 1939).

More r e c e n t ly  i t  has  heen  e s t a b l i s h e d  t h a t  th e  p i t u i t a r y  g la n d  

c o n ta in s  a t h i r d  g o n a d o tro p ic  f a c t o r ,  nam ely , th e  lu te o t r o p ic  hormone 

( H E ) , in  a d d i t io n  t o  th e  f o l l i c l e  s t im u la t in g  and l u t e i n i z i n g  horm ones.

■'v'hen p u re , c r y s t a l l i n e  e s t r o g e n ic  compounds became a v a i l a b le  f o r  

use in  th e  e a r ly  1 9 3 0 's ,  t h e i r  in f lu e n c o  on th e  h y pophysea l g o n a d o tro p ic  

complex was s tu d ie d .  As know ledge accu m u la ted  re g a rd in g  th e  in f lu e n c e  

o f p u re  e s tro g e n s  on th e  g o n a d o tro p in s , i t  became e v id e n t  t h a t  a  d i f f e r ­

ence o f o p in io n  had d ev e lo p ed  a s  t o  w hat th e  e x a c t n a tu r e  o f th o s e  e f f e c t s  

w ere. One co n cep t o f  e s t r o g e n  a c t io n  em phasized an  in h i b i t i o n  o r su p ­

p re s s io n  of p i t u i t a r y  g o n a d o tro p in s  w h ile  a n o th e r  co n ce p t s t r e s s e d  th e  

id e a  t h a t  in  a d d i t io n  t o  a  s u p p re s s io n  o f FSH, i t  caused  a  r e l e a s e  o f  LH.

Moore and P r ic e  (1930) in tro d u c e d  th e  co n cep t o f e s tr o g e n  i n h i b i ­

t i o n  o f th e  p i t u i t a r y  g o n a d o tro p ic  com plex. By in j e c t i n g  two r a t  u n i t s  

o f e s tro n e  in to  im m ature fem a le  r a t s  f o r  p e r io d s  v a ry in g  from  2 1  t o  66 

days L eonard , Meyer and H isaw  (1931) were a b le  to  p re v e n t  n o rm al d e v e lo p ­

ment i f  th e  in j e c t i o n s  were c o n tin u e d  beyond th e  tim e  when th e  a n ima l s  

became s e x u a lly  m a tu re . I f  th e  i n j e c t i o n s  were s to p p ed  p r i o r  t o  th e  tim e 

o f s e x u a l  m a tu r i ty ,  n o rm al developm ent o c c u r re d . I t  was th o u g h t t h a t  

e s tro g e n  had in h ib i t e d  p i t u i t a r y  f u n c t io n  s in c e  th e  re sp o n se  p ro d u ced  in  

th e  a s s a y  an im als  was re d u c e d .

I t  was co n cluded  by M eyer, L eo n ard , H isaw  and M a rtin  (1932) t h a t
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e s tro g e n  had  an in h l h i t i n g  e f f e c t  upon th e  a n t e r i o r  p i t u i t a r y  g la n d , 

s in ce  th e  p i t u i t a r i e s  o f  a n im a ls  v h ic h  were c a s t r a t e d  f o r  90 days and th e n  

t r e a te d  w ith  e s tr o n e  had a  red u ced  g o n a d o tro p ic  c o n te n t  as  ev id en ced  hy 

an a ssa y  re sp o n se  w hich was 1|.]_ p e r  c e n t  l e s s  th a n  th e  c o n t r o l s .

L ip sc h u tz  ( 1935) a s s e r t e d  t h a t  th e  g o n a d o tro p in s  \tqto d e p re sse d  

in  m ale r a t s  hy th e  i n j e c t i o n  o f e s t r o g e n .  Ju n g ck , H e l l e r  and ITelson 

(19^7 ) fo und  t h a t  l a r g e  "u n p h y B io lo g ic a l"  d o ses  o f  e s tr o g e n  were p o te n t  

i n h ib i to r s  o f p i t u i t a r y  g o n a d o tro p ic  horm ones w h ile  " p h y s io lo g ic a l"  

amounts in  th e  c i r c u l a t i o n  e x e r t  v e ry  l i t t l e  i n h i b i t o r y  a c t i o n  on th e  

g o n a d o tro p in s .

F in e r ty  and M eyer (1950) i n j e c t e d  im m ature fe m a le  o v a rie c to m iz e d  

r a t s  w ith  d i e n e s t r o l  in  d a i l y  d o ses  v a ry in g  from  O.025  t o  5*0 |ag. f o r  

te n  d a y s . They fo u n d  t h a t  e s t r o g e n  in  th e  s m a l le r  do sag e  s t im u la te d  

id i i le  th e  h ig h e r  d o ses  su p p re sse d  a l l  th e  g o n a d o tro p ic  f u n c t io n s .

I t  was s t a t e d  by G-reep and Jo n e s  (1950a) t h a t  th e  fu n d am en ta l 

e f f e c t  o f  e s tro g e n  on th e  p i t u i t a r y  i s  t o  red u ce  s y n th e s is  o f  LH. The 

re a so n s  f o r  t h e i r  b e l i e f  a r e  a s  fo l lo w s ;  ( l )  Im m ature m ale r a t s  i n je c te d  

w ith  e s tr o g e n  show n o  g row th  o f a c c e s s o ry  s e x u a l  s t r u c t u r e s .  (2) E s t r o ­

gen a d m in is te re d  to  m atu re  m ale r a t s  i s  n o ta b ly  e f f e c t i v e  in  p ro d u c in g  

marked a tro p h y  o f th e  t e s t e s  and a c c e s s o ry  s e x u a l  s t r u c t u r e s .  (3) E s t r o ­

gen i s  co m p le te ly  e f f e c t i v e  i n  a b o l i s h in g  th e  LH p o te n c y  o f th e  c a s t r a t e  

r a t  p i t u i t a r y  g la n d s  and in  d i r e c t  c o r r e l a t i o n ,  th e  h y p o p h y sis  o f th e  

c a s t r a t e  in c re a s e s  i n  LH p o te n c y . S tu d y in g  30 and 55 day  o ld  r a t s  w ith  

V ary ing  d o ses  o f  e s t r a d i o l  (O.OI5 t o  O .I75 P©r day  f o r  10 days)

B yrnes and Meyer ( 1951b) th o u g h t t h a t  th e  s e c r e t io n  o f  FSH was d e c re a se d  

w ith  v e ry  sm a ll am ounts o f  e s t r o g e n  and h ig h e r  d o se s  cau sed  s e c r e t io n  o f
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IS  w hile  e s tr o g e n  g iv e n  in  th e  h ig h e s t  d o s e , O .I75 ^ g . , d e c re a s e d  th e  

s e c r e t io n  o f  LH. They fo u n d  a  c lo s e  c o r r e l a t i o n  "between th e  amount o f  

g o n ad o tro p in  in  th e  p i t u i t a r y  and th e  amount in  th e  b lo o d  a s  in d ic a te d  

by th e  w e ig h t o f  th e  o v a r ie s  and  u te r u s .  However, s p e c i f i c  f in d in g s  a s  

to  th e  h i s t o l o g i c a l  s t r u c tu r e  o f  th e  o v a r ie s  o f  th e  d o n o r o r  a s s a y  an im als  

were n o t g iv e n . These a u th o r s  p o in t  o u t t h a t  some c o n fu s io n  r e s u l t s  from  

f a i l u r e  t o  d i s t i n g u i s h  be tw een  th e  g o n a d o tro p ic  c o n te n t  o f th e  p i t u i t a r y  

and th e  amount o f  hormone b e in g  s e c re te d  by th e  g la n d . T h ese  same 

a u th o rs  ( 19511») observ ed  an i n h i b i t i n g  e f f e c t  upon th e  g o n a d o tro p ic  

"hormone" in  65 to  75 gn . n o rm a l and c a s t r a t e  p a r a b io t i c  p a i r s  w ith  

0 .009  e s t r a d i o l  and 0 .0 7 5  p S -  e s t r o n e .

A m arked re d u c t io n  in  t o t a l  g o n a d o tro p in s  in  th e  monkey w ith  100 

p g .  o f  e s t r a d i o l  b en zo a te  p e r  day a r e  r e p o r te d  by  S a lh e n ic k ,  H isaw  and 

Zarrow  (1 9 5 2 ).

A r e le a s e  phenomenon was p o s tu la te d  by E n g le  (1931) a s  th e  mechan­

ism o f a c t io n  o f  e s tro g e n  on th e  p i t u i t a r y  g o n a d o tro p in s . He r e f e r r e d  to  

t h i s  a c t io n  a s  one w hich s t im u la te d  th e  s e c r e t io n  o r  l i b e r a t i o n  o f  th e  

gonad s t im u la t in g  f a c t o r s .

U sing  no rm al fem ale  r a t s  v a ry in g  in  age from  15 t o  66 d a y s . Lane 

and H isaw  (193^) found  t h a t  e s tr o g e n  p roduced  an in c re a s e d  o u tp u t  o f LH 

in  an im a ls  o ld e r  th a n  22 days o f  ag e . M ec h a n ica l s t im u la t io n  o f  th e  

c e r v ix  o f  22 day  o ld  r a t s  p ro duced  o v a r ia n  changes in  f i v e  d ay s  s im i la r  

to  th o s e  p roduced  by in je c te d  LH. They b e l ie v e d  th a t  e s tr o g e n  s t im u la te d  

th e  fo rm a tio n  o f  LH. Hohlweg (193^, 1937) r e p o r te d  t h a t  e s t r o g e n  p ro ­

duced a l i b e r a t i o n  o f  LH and co rp u s  lu teum  fo rm a tio n  in  th e  r a t .

JJif.dnliJh, lle y e r and n-unbrnch (I9h0) in je c te d  e s t r a d i o l ,  e s t r o n e
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and p ro g e s te ro n e  and o b se rv ed  a  r e d u c t io n  o f th e  h y p e r s e c r e t io n  o f  

g o n a d o tro p in s  in  th e  p i t u i t a i y  g la n d  o f  th e  c a s t r a t e d  p a r tn e r  o f  th e  

n o rm a l-c a s tr a te  p a r a b io t i c  p a i r .  H y p e rs e c re t io n  was p re v e n te d  in  th e  

c a s t r a t e  p a r tn e r  w ith  0 .0 2 5  p g .  o f  e s t r a d i o l  h e n zo a te  p e r  d a y . The 

fem a les  r e q u ire d  1 . 5 ^ .  o f  e s t r i o l  and th e  m ales 0 . 1 5 ^ .  e s t r a d i o l  o r  

10 ^ g .  o f  e s t r i o l  t o  p re v e n t  th e  h y p e r s e c r e t io n  o f  g o n a d o tro p in s . (M eyer 

and B iddu lph  ( 19^1) in d ic a te  th e  am ount o f  s e c r e t io n  i s  p ro h a h ly  v e ry  

sm a ll in  th e  r a t  a t  t h i s  a g e , t h e r e f o r e  r e q u i r in g  th e  e x tre m e ly  sm a ll 

d o s e .)

I t  was co n clu d ed  t h a t  f o r  th e  f i r s t  te n  days a f t e r  c a s t r a t i o n ,  

th e  male s e c r e te s  no more g o n a d o tro p ic  hormone th a n  th e  fem a le  s in c e  

l i t t l e  d i f f e r e n c e  was n o te d  in  th e  o v a r ia n  w eig h t in  th e  n o rm a l fem a le  

p a ra b io n t  p a r tn e r ,  w h e th e r th e  c a s t r a t e  was m ale o r  fe m a le . F o l l i c l e  

s t im u la t in g  hormone i s  p r im a r i ly  s e c r e te d  f o r  th e  f i r s t  t e n  d ays as  i n d i ­

c a te d  by th e  absence  o f  c o rp o ra  l u t e a ,  how ever, th e  o v a r ie s  o f  th e  i n t a c t  

p a r tn e r  c o n ta in  c o rp o ra  l u t e a  a f t e r  th e  t e n  day p e r io d .  I t  was b e l ie v e d  

t h a t  th e  c o rp o ra  l u t e a  a re  th e  r e s u l t  o f  LH b e in g  s e c r e te d  by th e  i n t a c t  

r a t  a s  a  consequence o f  th e  e s tro g e n  b e in g  p roduced  by th e  r a t ' s  own 

o v a r ie s .  The c o n c lu s io n  was reach ed  t h a t  th e  q u a n t i t i e s  o f  e s t r o g e n  

and androgen  n e c e s s a ry  to  p re v e n t c a s t r a t i o n  h y p e r s e c r e t io n  o f  gonado­

t r o p i c  hormone in  m ale and fem ale  r a t s  e i t h e r  p re v e n t  p ro d u c t io n  o r 

r e le a s e  o f FSH and a t  th e  same tim e  in c re a s e  th e  p ro d u c t io n  and r e l e a s e  

o f LH.

The norm al p a ra b io n t  o f  an a d u l t  n o r m a l- c a s t r a te  fem a le  p a r a b io t i c  

p a i r  comes in to  c o n tin u o u s  h e a t  a f t e r  a  p e r io d  o f tim e  a v e ra g in g  39 days 

fo llo w in g  c a s t r a t i o n  (Meyer and B id d u lp h , 19^1; T T itsch i and L e v in e , 193^;
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and many o t h e r s ) . E s t r a d i o l  a d m in is te re d  t o  th e  c a s t r a t e  p a r tn e r  s to p p ed  

th e  c o n t in u a l  e s t r u s  in  th e  n o rm al p a r tn e r  w i th in  t e n  days w ith  r e a p p e a r ­

ance o f  i t s  c y c le s .  I f  th e  c a s t r a t e  p a ra b io n t  was hypophysectom ized , 

th e  n o rm al r a t  r e g a in e d  i t s  n o rm al c y c le s .  I t  was concluded  t h a t  e s t ro g e n  

p re v e n ts  th e  h y p e r s e c re t io n  o f  th e  g o n a d o tro p ic  hormone (FSH) when g iv e n  

t o  c a s t r a t e  a n im a ls . M eyer and B id d u lp h  (19^1) a l s o  d e m o n s tra te d  by 

i n j e c t i n g  LH in to  th e  c a s t r a t e  p a r t n e r  t h a t  i t  can c ro s s  th e  p a r a b io t i c  

b a r r i e r  i f  i t  i s  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t i e s .

E s tro g e n  in c re a s e d  th e  p ro d u c tio n  and r e le a s e  o f LH when i t  was 

g iv en  o v e r a  th re e  day p e r io d  a s  ev id en ced  by what F e v o ld , H isaw  and 

G reep (1936) r e f e r  to  a s  " a u g m e n ta tio n " . A ugm entation  i s  d e f in e d  a s  a  

g r e a t e r  in c re a s e  in  s i z e  and w e ig h t o f  th e  o v a r ie s  th a n  can  be acco u n ted  

f o r  by th e  a d d i t iv e  e f f e c t s  o f  FSH and LH. "When e s tr o g e n  a d m in is t r a t io n  

was c o n tin u e d  o v e r an e ig h t  day p e r io d ,  th e  "au g m en ta tio n "  d id  n o t  o c c u r . 

The r e s u l t s  were e x p la in e d  on th e  b a s i s  t h a t  e s tr o g e n  had r e s u l t e d  in  a 

r e d u c tio n  in  FSH, c o n se q u e n tly , th e  ovary  was n o t  a d e q u a te ly  p re p a re d  

f o r  th e  com plete  a c t i o n  o f LH and su b seq u en t "au g m en ta tio n "  r e a c t io n .

T h is  work was v e r i f i e d  by F e v o ld  and F is k s  (1939)»

H ellbanm  and G reep (19^3) w orking  w ith  n o rm al and c a s t r a t e  a d u l t  

male r a t s  a d m in is te re d  te s t o s t e r o n e  p ro p io n a te  f o r  p e r io d s  v a ry in g  from  

15 t o  45 d ay s  and fo u n d  t h a t  t h i s  s t e r i o d  would b r in g  ab o u t a  r e le a s e  

o f IE  w h ile  in d u c in g  an  i n h i b i t i o n  o f  FSH. The o b s e rv a t io n  was a l s o  

made t h a t  w h ile  th e  p i t u i t a r i e s  o f n o rm al m ales c o n ta in e d  p r im a r i ly  FSH, 

th e  b lood  serum  c o n ta in e d  LH w ith  sm a ll am ounts o f FSH. F o llo w in g  c a s t r a ­

t i o n ,  th e  IE  as  w e ll  a s  FSH were m arked ly  in c re a s e d  in  th e  p i t u i t a r y ,

FSH was p r e s e n t  in  g r e a t e r  am ounts in  th e  b lo o d  serum  w h ile  serum  LH
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appeared, t o  have d e c re a se d . T re a tm e n t w ith  t e s to s t e r o n e  p ro p io n a te  

reduced  th e  c o n te n t  o f LH in  th e  p i t u i t a r y  w ith  l i t t l e  e f f e c t  on th e  FSH, 

The b lo o d  serum FSH c o n c e n tr a t io n  was lo t/e  re d  w ith  te s to s te r o n e  p ro p io n a te  

w hereas th e  LH a p p ea red  to  have in c re a s e d  a f t e r  15 to  30 days o f t r e a t ­

m ent, b u t n o t  a f t e r  U5 d ays o f  t r e a tm e n t .

A cco rd in g  to  th e  work o f H ellbaum  and G reep (1 9 ^ 6 ), th e  p i t u i t a r i e s  

o f no rm al a d u l t  fem ale  r a t s  u n d e r th e  n o rm al in f lu e n c e  o f  e s t r o g e n , s t im ­

u la te d  m oderate  l u t e i n i z a t i o n  when a ssa y ed  in  immature no rm al and hypophy­

sec to m ized  fem ale  r a t s .  P i t u i t a r i e s  o f a d u l t  fem ales  t h a t  had been 

oophorectom ized  produced  e x te n s iv e  l u t e i n i z a t i o n ,  in d ic a t in g  l i b e r a t i o n  

o f th e  p i t u i t a r y  l u t e i n i z i n g  f a c t o r  was m in im al in  th e  absence  o f e s t r o g e n .  

R e lea se  o f LH by e s tro g e n  -v/as su g g e s te d  by th e  ty p e  o f re sp o n se  (o n ly  

f o l l i c u l a r  developm ent) p roduced  by th e  p i t u i t a r y  g la n d s  when a ssay ed  

a f t e r  b e in g  t r e a t e d  d a i ly  f o r  30 t o  days w ith  e s t r a d i o l  b e n zo a te .

Only a  m in im al amount o f  LH was p r e s e n t  s in c e  th e r e  were no c o rp o ra  l u t e a  

in  th e  o v a r ie s .

The fu n d am en ta l p r in c ip l e  o f e s t r o g e n  a c t io n  on th e  h y p ophysea l 

g o n a d o tro p in s , w h e th er i t  in f lu e n c e s  th e  p ro d u c tio n  o f g o n a d o tro p in s  in  

a d d i t io n  t o  c a u s in g  a  r e l e a s e  o f LH and i n h i b i t i o n  of FSH was i n v e s t i ­

g a te d  by B radbury  (1 9 ^ 7 ) . He fo und  t h a t  th e  a d m in is t r a t io n  o f one t o  

two m icrogram s o f  e s t r a d i o l  t o  im m ature fem ale  r a t s  in c re a s e d  th e  o v a r ia n  

w e ig h ts  in  J2  t o  120 h o u rs , b u t  a d e c re a se  in  g o n a d o tro p ic  c o n te n t  o f  th e  

p i t u i t a r y  g la n d  o c cu rred  in  72 t o  $6  h o u rs . He th o u g h t th e  r e s u l t s  i n d i ­

c a te d  a  r e le a s e  o f LH had o c cu rred  u n d e r e s tr o g e n  s t im u la t io n  r a th e r  

th a n  an in h i b i t i o n  o r  d e p re s s io n  o f f u n c t io n .  I t  was a l s o  n o te d  t h a t  

when oophorectom y was p erfo rm ed  one day p r i o r  t o  e s tro g e n  a d m in is t r a t io n .



13

th e  p i t u i t a r y  g o n a d o tro p in s  vrere l e s s  s e n s i t i v e  t o  e s tro g en »  Greep and 

Jo n es  ( 19501») were n o t  a b le  t o  s u b s ta n t i a t e  B ra d b u ry 's  work» However, 

th e y  d id  ob serv e  a sm a ll b u t s i g n i f i c a n t  in c re a s e  (1^  t o  I 7 mg.) in  th e  

o v a r ia n  w e ig h t o f 30 day o ld  r a t s .  The in c re a s e  in  w e ig h t was c o n s id e re d  

to  be a  r e le a s e  of a  s m a ll s to r e  o f b o th  FSH and BH»

By p la c in g  o v a r ia n  t r a n s p la n t s  in to  th e  s p le e n s  o f c a s t r a t e  

g u in ea  p ig s ,  L ip sc h u tz , e t  a l . ,  (19^8) found  o n ly  b lo o d y  and c y s t ic  

f o l l i c l e s ,  b u t  a f t e r  th e  i n j e c t i o n  o f  e s t r a d i o l ,  c o rp o ra  l u t e a  were 

fo rm ed , in d ic a t in g  th e  r e l e a s e  o f s to re d  LH. The i n v e s t i g a t i o n  of 

I n g l e s i a s ,  L ip sc h u tz  and R o jan  (1950) w ith  s im u lta n e o u s  in t r a s p le n ic  

o v a r ia n  g r a f t s  and im p la n ta t io n  o f e s t r a d i o l  p e l l e t s  su b cu tan eo u sly  

a l s o  in d ic a te d  th e  r e le a s e  o f  LH w ith  c o rp o ra  l u t e a  fo rm a tio n  in  the 

im p lan ted  o v a r ie s ,

G reep and Jo n es  (1950b) u s in g  30 day o ld  n o rm a l and c a s t r a t e  m ale 

and fem ale  r a t s  of th e  H isaw s t r a i n ,  and em ploy ing  a  wide ran g e  of d o s ­

ag es  o f b o th  e s t r a d i o l  b e n zo a te  and t e s t o s t e r o n e  p ro p io n a te  found  th a t  

a  r e l e a s e  o f LH was produced  by th e s e  s t e r o i d s  in  b o th  th e  no rm als  and 

th e  c a s t r a t e s ,  A s m a l le r  dose o f e s t r a d i o l  was r e q u i r e d  t o  produce 

t h i s  e f f e c t .  I n s te a d  of i n h ib i t i n g  FSH, t e s t o s t e r o n e  p ro p io n a te  was 

th o u g h t to  p roduce a  s to ra g e  o f FSH in  a d d i t io n  t o  c a u s in g  a  r e le a s e  of 

LH In  th e  i n t a c t  fe m a le s .

B yrnes (195I) s tu d ie d  30 day o ld  n o rm a l and c a s t r a t e  r a t s  in  

p a r a b io t i c  p a i r s  and found  t h a t  by a d m in is te r in g  e s t r o g e n  to  th e  

c a s t r a t e  a t  th e  tim e  th e  p a r a b io s is  and oophorectom y were perform ed , 

th e  h y p e rs e c re t io n  o f th e  g o n a d o tro p in  and o v a r ia n  h y p e r tro p h y  could be 

p re v e n te d  in  th e  no rm al r a t .  I f  th e  r a t s  w ere c a s t r a t e d  te n  d ays p r io r
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t o  p a r a b io s i s  and e s t r o g e n  a d m in is te r e d  a t  th e  tim e  o f p a r a b io s i s ,  70 

p e r  c e n t more e s tr o g e n  was r e q u i r e d  t o  p re v e n t  h y p e r s e c re t io n  o f th e  

h y pophysea l g o n a d o tro p in . T h i s  f a c t  c o n firm s  B ra d b u ry 's  v o rk  (19^7) t h a t  

i f  th e  an im a l i s  a llo w ed  t o  w a it  f o r  a  few  days fo l lo w in g  c a s t r a t i o n ,  

more e s tro g e n  i s  r e q u i r e d  t o  p ro d u ce  th e  d e s i r e d  e f f e c t ,  t h a t  i s ,  i t  i s  

l e s s  s e n s i t i v e  t o  e s tro g e n s  and a n d ro g e n s .

F u n n e l l ,  K eaty  and H ellbaum  (1951) In  s tu d y in g  m enopausal p a t i e n t s ,  

found  t h a t  th o s e  p a t i e n t s  w ith  s e v e re  symptoms had r e l a t i v e l y  h ig h  t i t e r s  

o f  FSH in  th e  u r in e .  W ith  a d m in is t r a t io n  o f  e s t r a d i o l  b e n z o a te  in  1 .6 6  

t o  3 .32  mg. d o ses  p e r  d a y , LH c o u ld  be d e m o n stra ted  in  th e  u r in e ,  i n d i ­

c a t in g  a  r e l e a s e  o f  LH from  th e  p i t u i t a r y  g la n d  by e s t r o g e n .  T h e i r  w ork 

in d ic a te d  t h a t  s to ra g e  and l i b e r a t i o n  o f th e  s e p a ra te  g o n a d o tro p ic  h o r ­

mones (FSH and LH) a re  in d e p e n d e n tly  in f lu e n c e d  by e s t r o g e n s .  T h is  work 

a l s o  in d ic a te d  t h a t  th e  i n t r a c e l l u l a r  s y n th e s e s  o f th e  f a c t o r s  i s  a  

s e p a ra te  p ro c e s s  from  t h a t  in v o lv in g  th e  l i b e r a t i o n  o f th e  hormones from  

th e  g la n d .

H is to lo g y  o f  th e  P i t u i t a r y

As e a r ly  a s  1892, Shonemann d e s c r ib e d  th r e e  ty p e s  o f c e l l s  i n  th e  

p i t u i t a r y  g la n d . To th e  c e l l s  ly in g  m o s tly  in  th e  c e n t e r  o f  th e  c e l l  

c o rd s , he gave th e  name, chrom ophobes, s in c e  t h e i r  cy to p la sm  was d ev o id  

o f  g ra n u le s .  O ccupying th e  p e r ip h e ry  o f  th e  c o rd s  a d ja c e n t  t o  th e  b lo o d  

s in u s o id s  w ere c e l l s  w ith  d i s t i n c t  g r a n u la r  cy to p la sm . The c e l l s  w hich 

s ta in e d  w ith  th e  p lasm a dyes w ere named a c id o p h i le s ,  and th e  c e l l s  whose 

cy to p la sm ic  g ra n u le s  s ta in e d  w ith  th e  b a s ic  dyes w ere named c y a n o p h ile s  

( b a s o p h i l e s ) . T hese  t h r e e  ty p e s  o f c e l l s  have been  d e s c r ib e d  in  a l l  

s p e c ie s  s tu d ie d  (S e v e r in g h a u s , 1939).
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S ev e rin g h a u s  (1939) s t a t e d  t h a t  th e  c e l l s  o f  th e  p i t u i t a r y  g la n d  

a re  n o t  a rra n g e d  in  any f ix e d  p a t t e r n ,  a s id e  from  th e  g e n e r a l  ten d en cy  o f 

chromophobes t o  occupy th e  c e n te r  o f c e l l  c o rd s  in  th o s e  s p e c ie s  in  w hich 

c o r d - l ik e  s t r u c t u r e s  o c c u r . I n  man th e  b a s o p h ile s  a r e  m ost num erous in  

th e  p e r ip h e r a l  p o r t io n  o f  t h e  g la n d , th e  c e n te r  b e in g  h ig h ly  a c id o p h i l i c .  

In  th e  r a t  th e  b a s o p h ile s  a r e  m ost p rom inen t a t  th e  a n t e r i o r  and p o s t e r i o r  

m arg in s . N ot on ly  do s p e c ie s  d i f f e r e n c e s  e x i s t ,  b u t  in d iv id u a l  d i f f e r ­

en ces  in  d i s t r i b u t i o n  a re  th e  r u l e .

E a r ly  in  th e  s tu d y  o f  p i t u i t a r y  g lan d  c y to lo g y , th e  d i s t r i b u t i o n  

o f c e l l s  and v a r i a t i o n  in  c e l l  ty p e s  became o f  i n t e r e s t .  F i s c h e r a  

(1905) f i r s t  c a l l e d  a t t e n t i o n  t o  th e  c a s t r a t i o n  c e l l .  Comte ( I 898 ) 

had e a r l i e r  d e s c r ib e d  c e l l u l a r  changes which accompany p re g n a n cy .

As th e  h is to lo g y  o f th e  p i t u i t a r y  g lan d  d e v e lo p e d , i t  soon became 

a p p a re n t t h a t  d i s t i n c t  d i f f e r e n c e s  in  th e  c e l l s  o c c u rre d  in  th e  two 

sex es  (McQ.ueen-"Williams, 1 9 3 ^ ). C e l lu l a r  d i f f e r e n c e s  w ere a l s o  n o t ic e d  

d u r in g  th e  e s t r u s  c y c le  (C h a r ip p e r  and H a te r iu s ,  1930) a s  w e l l  a s  o th e r  

f u n c t io n a l  changes.

I t  i s  g e n e r a l ly  known t h a t  e s tr o g e n s  a f f e c t  th e  p i t u i t a r y  g la n d  

f u n c t io n a l ly  and th e r e  i s  a  g r e a t  body o f ev id en ce  in d i c a t in g  th e y  a l s o  

a f f e c t  i t  s t r u c t u r a l l y . F i s c h e r a  ( 1905) r e p o r te d  t h a t  th e  n o rm al s t r u c ­

tu r e  o f th e  h y p o p h y sis  o f th e  c a s t r a t e  hen  co u ld  be r e s to r e d  by i n j e c t i n g  

o v a r ia n  e x t r a c t s .  S in c e  th e  w ork o f  F i s c h e r a ,  num erous s tu d ie s  have 

been made o f  th e  e f f e c t s  o f  e s t r o g e n  on th e  p i t u i t a r y  g lan d  and i t  i s  

g e n e r a l ly  a g re ed  t h a t  i t  p ro d u ces  d e f i n i t e  c y to lo g ic a l  ch an g es .

I n  193^ ,  S ev e rin g h a u s  re p o r te d  t h a t  e s tr o g e n  a d m in is t r a t io n  p ro ­

duced a  marked d e g ra n u la t io n  o f  th e  p i t u i t a r y  b a s o p h ile s  in  a d d i t io n  t o
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s tim u la tin g  th e  form ation  from th e chromophobes o f  many new sm all b a so -  

p h ile s  w ith  la r g e  G olg i ap p aratu ses. A c id o p h ile s  were a c t iv e ly  degranu­

la te d  in  th e  a d u lt  fem ale but not in  th e  immature fem ale or in  th e a d u lt  

male a lth ough  prominent areas o f c e l lu la r  atrophy were p resen t in  th e  

g la n d s. There was s im ila r i ty  between th e  c e l l s  o f  th e s e  p itu ita r y  glands  

and th o se  o f  pregnant an im als. The c y to lo g ic a l  f in d in g s  in d ica ted  th a t  

th e  p r e v io u s ly  rep orted  lo s s  o f p oten cy o f  hypophysis (Meyer e t  a l . ,

1932; L eo n a rd , 1933) was due t o  w id esp read  d e g ra n u la t io n  o f th e  s e c re to ry  

c e l l s .  W olfe and Chadwick (1 9 3 6 ), u s in g  g ra d e d  d o s e s , co n c lu d ed  t h a t  

e s t ro g e n s  a f f e c t  b o th  th e  b a s o p h ile s  and a c id o p h i le s .  S m a ll doses 

caused  deg r a n u la t io n  o f  b a s o p h i le s ,  b u t  la r g e  d o ses  g iv e n  f o r  a  p ro longed  

p e r io d  d e g ra n u la te d  th e  a c id o p h i le s  and p roduced  an  in c re a s e  in  a c id o ­

p h i l e s  th ro u g h  a c t iv e  m ito s e s .

E vidence th a t  e stro g e n s  are not on ly  a b le  t o  prevent hypophyseal 

changes in c id e n t  t o  c a s tr a t io n , but w i l l  a ls o  r ep a ir  th e changes produced 

by c a s tr a t io n  was p o in ted  out by Severinghaus (1 9 3 9 ) . E stro g en s cause a 

marked d e p le t io n  o f  the granular c e l l s  i f  g iv en  in  la r g e r  than p h y sio lo g ­

i c a l  d o se s . A lso  a s so c ia te d  w ith  th e  above m entioned e f f e c t s  o f  e strogen  

i s  th e  f a i lu r e  o f  p i t u i t a r ie s  of c a s tr a te s  tr e a te d  w ith  e stro g en  to  

d evelop  in crea sed  gonadotropic potency or to  r e ta in  in crea sed  gonadotropic  

p oten cy fo llo w in g  c a s tr a t io n . A marked subnormal p oten cy a ls o  r e s u lt s  

from any con tin u ed  estro g en  treatm en t. The g e n e r a lly  accep ted  in te r p r e ­

t a t io n  o f th e s e  o b serv a tio n s has been th a t  th e  e stro g en s  in h ib it  th e  

se c r e to r y  a c t i v i t y  o f th e  a n ter io r  lo b e  c e l l s .

Severinghaus b e lie v e d  th a t  i t  was im p o ssib le  to  in te r p r e t  th e  

c y t o lo g ic a l  d ata  in  t h i s  manner, i f  sec r e to r y  a c t iv i t y  was t o  be
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in t e r p r e te d  as  th e  p ro d u c tio n  and r e le a s e  o f th e  s e c r e to r y  s u t s ta n c e s .

The a s s o c ia t i o n  o f  p o ten cy  w ith  g ra n u le  f i l l e d  c e l l s  and i t s  ab sence  w ith  

th e  g ra n u le  d e p le te d  chrom ophobes can h a rd ly  be q u e s tio n e d .

E s tro g e n s  w i l l  cau se  th e  p i t u i t a r y  g la n d  t o  r e le a s e  i t s  in c re a s e d  

s to ra g e  o f  IE and even d e p le te  i t s  s to r e  f a r  below  n o rm a l. T h e re  i s ,  

t h e r e f o r e ,  no i n h i b i t i o n  o f t h i s  s e c r e to r y  r e l e a s e  b u t r a t h e r  a  s tim u ­

l a t i o n  t o  r e le a s e  i t s  s e c r e t io n .  The marked d e g ra n u la t io n  o f  th e  b a s o ­

p h i le s  and a c id o p h i le s  in  th e  hypophyses o f e s tr o g e n  t r e a t e d  an im a ls  i s  

c y to lo g ic a l  c o n f irm a tio n  o f s e c r e t io n  r e l e a s e ,  a s  i s  a l s o  th e  h y p e rtro p h y  

o f th e  m ito c h o n d ria . S e v e rin g h a u s  goes on t o  say  t h a t  th e  q u e s t io n  of 

s e c r e t io n  p ro d u c tio n  i s  more d i f f i c u l t .

S in c e  th e  c l a s s i c a l  e x p e rim en ts  o f E assonov  (1923) and Bowen 

( 1923) ,  now re p e a te d ly  co n firm e d , c y to lo g i s t s  have re g a rd e d  th e  h y p e r­

tro p h y  o f  th e  G o lg i a p p a ra tu s  in  s e c r e to r y  c e l l s  a s  e v id en c e  o f a c t iv e  

e la b o r a t io n  o f s e c r e t io n .  P ro d u c tio n  o f  s e c r e t io n  i s  d i r e c t l y  p ro p o r ­

t i o n a l  t o  th e  d eg ree  o f  h y p e r tro p h y  of th e  G o lg i a p p a r a tu s .  Judged on 

t h i s  b a s i s ,  th e  a n t e r i o r  lo b e  of e s tro g e n  t r e a t e d  a n im a ls  m ust be r e ­

g ard ed  a s  h ig h ly  a c t i v e  in  th e  e la b o r a t io n  a s  w e ll  as  r e l e a s e  o f  i t s  

s e c r e to r y  p ro d u c ts .  W ith  sm a ll d o ses  and a  b r i e f  i n j e c t i o n  p e r io d ,  

e s t r o g e n s  cau se  h y p e rtro p h y  o f  th e  G o lg i a p p a ra tu s  in  th e  b a s o p h i le s .  

M ito c h o n d ria  a l s o  become more p ro m in en t. L a rg e r  d o ses  and more p ro ­

t r a c t e d  t r e a tm e n t  i n t e n s i f y  th e s e  changes in  th e  b a s o p h ile s  and e x ten d  

them  t o  th e  a c id o p h i le s .  E v e n tu a l ly ,  h y p e rtro p h y  o f th e  G o lg i re g io n s  

in  th e  a c id o p h i le s  become so  g r e a t  t h a t  th e  e n t i r e  cy to p lasm  o f th e  c e l l  

i s  o ccu p ied .

F in e r t y  and Meyer (1950) r e p o r te d  th e  p h y s io lo g ic a l  and c y to lo g ic a l
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e f f e c t s  o f g rad ed  d o se s  o f d i e n e s t r o l  (O.025  t o  5 .0  p g . p e r  day) f o r  te n  

days on Imma tu r e  oophorec tom ized  r a t s .  They concluded  t h a t  hyp o p h y sea l 

g o n a d o tro p ic  a c t i v i t y  i s  in f lu e n c e d  hy th e  amount o f e s t r o g e n  c i r c u l a t i n g  

in  th e  h lo o d , in  which, low c o n c e n tra t io n s  s t im u la te  th e  a c id o p h i le  c e l l s  

and LH p ro d u c tio n  and h ig h  c o n c e n tra t io n s  reduce  th e  number o f  a c id o p h i le s  

and su p p re ss  a l l  g o n a d o tro p ic  a c t i v i t y  a s  ev id en ced  hy th e  p i t u i t a r y  

a s s a y s .

They n o te d  t h a t  e s t ro g e n  in  any c o n c e n tra t io n  red u ced  th e  number 

and a c t i v i t y  o f h a s o p h i le  c e l l s  in  d i r e c t  p ro p o r t io n  t o  i t s  c o n c e n tra t io n  

in  th e  b lo o d . B y rn e s , M eyer and F in e r t y  (1951) found  t h a t  p ro g e s te ro n e  

g iv en  a lo n e  o r  w ith  e s t r o g e n  p re v e n te d  th e  p o s t - c a s t r a t i o n  b a s o p h i l i a  

when a d m in is te re d  in  am ounts s u f f i c i e n t  t o  i n h i b i t  g o n a d o tro p ic  s e c r e t io n .  

The p ro g e s te r o n e -e s t ro g e n  co m b in a tio n  p roduced  t h i s  e f f e c t  w ith  a  s m a lle r  

dose th a n  w ould have b een  r e q u ir e d  by  e i t h e r  one a lo n e .

V ic to r  and A nderson  (1937) have in tro d u c e d  e v id en c e  o f  an  e n t i r e l y  

d i f f e r e n t  n a tu r e .  By u s in g  th e  "Warburg a p p a r a tu s ,  th e y  fo u n d  a  d i s t i n c t  

r i s e  in  m e ta b o lic  a c t i v i t y  o f th e  a n t e r i o r  lo b e  o f th e  p i t u i t a i y  g la n d  

a f t e r  th e  i n j e c t i o n  o f  e s tro g e n  a s  compared w ith  c o n t r o l  t i s s u e s  (k id n e y , 

l i v e r ) .

The o p in io n  t h a t  b o th  th e  a c id o p h i le s  and th e  b a s o p h i le s  a re  

in v o lv e d  i n  p i t u i t a r y  g o n a d o tro p ic  s e c r e t io n s  h a s  been  m a in ta in e d  u n t i l  

r e c e n t  t im e s .

McManus (19^6) d e s c r ib e d  a  new te c h n iq u e  f o r  s t a i n i n g  t i s s u e s  in  

w hich he u sed  p e r io d ic  a c id  fo llo w e d  by S c h i f f 's  r e a g e n t .  T h is  new s t a i n  

p ro v id e d  a  m ethod by w hich g ly c o p ro te in  cou ld  be d e m o n s tra te d . The mech­

anism  o f a c t io n  o f t h i s  p ro c e d u re  i s  th e  change o f  th e  g ly c o p ro te in  t o  a
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p o ly a ld e h y d e p ro te ln  u n d er th e  in f lu e n c e  o f  p e r io d ic  a c id .  The p o ly  a ld e ­

hyde can th e n  r e a c t  w ith  S c h i f f ' s  re a g e n t  t o  g iv e  a  re d  c o lo r .  H o tc h k iss  

(19^8) a l s o  em ployed th e  p e r io d ic  a c id  S c h i f f  te c h n iq u e  t o  s tu d y  b o th  

p la n t  and a n im a l t i s s u e s  w hich c o n ta in e d  c a rb o h y d ra te . C a tch p o le  ( 19^ 9) ,  

u t i l i z i n g  t h i s  s t a i n  t o  s tu d y  f r o z e n  p i t u i t a i y  t i s s u e ,  was a b le  t o  demon­

s t r a t e  th e  a ccu m u la tio n  o f  g ly c o p r o te in  g ra n u le s  in  th e  b a s o p h i le s .  He 

a ls o  c o r r e l a t e d  t h i s  s tu d y  w ith  th e  s t a i n in g  o f th e  presum ably  p u r i f i e d  

FSH and IE  p r e p a r a t io n s ,

P u rv e s  and G rie sb a c h  have made an e x te n s iv e  s tu d y  of th e  r e l a t i o n ­

sh ip s  betw een  p i t u i t a r y  g la n d  c y to lo g y  and i t s  f u n c t io n .  These a u th o rs  

(19^5) r e p o r te d  a  d i r e c t  c o r r e l a t i o n  be tw een  in c re a s e s  in  th e  num ber and 

s iz e  o f "b a so p h ile "  c e l l s  and an  in c r e a s in g  th y r o t r o p in  s e c r e t io n .  A 

y e a r  l a t e r  (19^6) th e y  r e p o r te d  t h a t  th e  a c id o p h i le  c e l l  d e g ra n u la t io n  

which fo llo w s  t o t a l  th y ro id ec to m y  i s  due t o  a f a i l u r e  o f h y p o p h y sea l 

fu n c t io n  in  th e  com plete ab sen ce  o f  th y ro x in e .  They b e l ie v e d  t h a t  th e  

b a so p h ile  c o u ld  be c o n s id e re d  th e  so u rce  o f  th y r o t r o p in .  I n  1951 th e s e  

in v e s t i g a to r s  r e p o r te d  t h a t  two d i s t i n c t  ty p e s  o f  b a s o p h i le s  e x i s t e d  in  

th e  p i t u i t a r y ,  one ty p e  b e in g  an  o v a l o r  rounded c e l l  s t a i n in g  in te n s e ly  

w ith  th e  PAS (P e r io d ic  A cid  S c h i f f )  s t a i n  and lo c a l iz e d  n e a r  th e  u p p e r 

and lo w er s u r f a c e s  o f  th e  p i t u i t a r y  and a d ja c e n t  to  th e  p a r s  in te rm e d ia . 

T h is  c e l l  ty p e  ap p eared  t o  be i n h ib i t e d  by e s tro g e n  and ap p ea red  t o  be 

th e  lo n g  re c o g n iz e d  " c a s t r a t io n "  c e l l .  I t  was concluded  t h a t  i t  i s  th e  

B ite  o f g o n a d o tro p in  p ro d u c t io n .  The o th e r  g ly c o p ro te in  c o n ta in in g  c e l l  

was in h ib i t e d  by th y ro x in e  a d m in is t r a t io n  and responded  t o  th y ro x in e  

d e f ic ie n c y  by p ro d u c in g  th e  "Thyroidectom y" c e l l s ,  which were lo c a te d  

c e n t r a l l y  in  th e  g la n d , w ere more a n g u la r  in  shape and became e n la rg e d
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as  a  r e s u l t  o f th y r o id  d e f ic ie n c y .  The c o n c lu s io n  was t h a t  th o se  c e l l s  

a re  th e  so u rce  o f th y r o t r o p in .  T hese  w o rk ers  th o u g h t i t  u n l ik e ly  t h a t  

e i t h e r  o f  th e s e  c e l l  ty p e s ,  w hich to g e th e r  c o n s t i t u t e  th e  so c a l l e d  "h aso - 

p h i le s " ,  was r e s p o n s ib le  f o r  th e  p ro d u c tio n  o f any hormone o th e r  th a n  th e  

s p e c i f ic  g ly c o p ro te in  horm ones from  w hich t h e i r  su g g e s te d  names a re  d e r iv e d .

L i and Evans ( 19^ 8) r e p o r te d  t h a t  th e r e  a re  th r e e  h y p o p h y sea l 

hormones w hich c o n ta in  su g a r  in  s i g n i f i c a n t  am ounts, th e  f o l l i c l e  s tim u ­

l a t i n g  horm one, l u t e i n i z i n g  hormone and th y r o t r o p ic  horm one. However, 

McShan and Meyer ( 1939) re p o r te d  t h a t  on th e  b a s i s  o f  d ig e s t iv e  enzyme 

s tu d ie s ,  FSE was d ependen t upon a  c a rb o h y d ra te  f r a c t i o n  f o r  m ain tenance  

o f i t s  a c t i o n ,  w h ile  LH was dep en d en t upon a  p r o te in  f r a c t i o n .  T hese 

f a c t s  were d e te rm in ed  by s tu d y in g  th e  a c t i v i t y  o f  t r y p s i n  and p t y a l i n  on 

th re e  d i f f e r e n t  e x t r a c t s  o f  sheep p i t u i t a r y  g la n d . E x t r a c t  "A" was r i c h  

in  b o th  FSE and LH, e x t r a c t s  "B" and "C" had  v e ry  sm a ll am ounts o f  p r o te in  

in  them. I t  was found  t h a t  t r y p s i n  c o m p le te ly  d e s tro y e d  th e  LH a c t i v i t y  

o f  e x t r a c t s  "A" and "B ", b u t d id  n o t  a f f e c t  th e  FSE o f th e  e x t r a c t s .

P ty a l in  d e s tro y e d  th e  FSE a c t i v i t y  o f e x t r a c t  "A", w hich had  th e  h ig h  

c o n te n t o f  LH, b u t had v e ry  l i t t l e  e f f e c t  upon e x t r a c t s  "B" and "C ".

S in c e  i t  was su g g es te d  by P u rv e s  and G rie sb a c h  ( 1951) t h a t  

s p e c i f ic  c e l l s  in  th e  p i t u i t a r y  g la n d  p roduced  s p e c i f i c  horm ones, and 

s in c e  L i and Evans ( 19^8 ) r e p o r te d  t h a t  th e  h y p o p h y sis  p o s se s s e d  th r e e  

su g ar c o n ta in in g  horm ones, S i p e r s t e i n ,  E i c h o l s ,  G rie sb a c h  and C h a ik o ff 

(195^) th o u g h t t h a t  p e rh a p s  th e  b a s o p h ile s  c o u ld  be r e s p o n s ib le  f o r  a l l  

th r e e  horm ones. The grow th  and developm ent o f th e  a c id o p h i le s  and o f 

th e  th y ro tro p in -p ro d u c in g  and gonado t r  op in  -p ro d u c in g  c e l l s  were s tu d ie d  

from  b i r t h  t o  11 weeks o f  a g e . In  k eep in g  w ith  r e c e n t  know ledge, th r e e
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ty p e s  o f  g ly c o p ro te in  c o n ta in in g  c e l l s  ("basoph iles) were n o te d . Two 

d i s t i n c t  ty p e s  o f g o n ad o tro p es  co u ld  "be d i s t in g u i s h e d ,  th o s e  in  th e  

p e r ip h e ry  o f  th e  g la n d  and th o s e  in  th e  c e n t r a l  p o r t i o n .  The th y ro t ro p e s  

were s t r i c t l y  c o n fin e d  t o  th e  c e n t r a l  and p o s t e r i o r  re g io n s  o f  th e  a n t e r ­

io r  lo h e . The g o n ad o tro p es  p reced ed  th e  th y r o t r o p e s  in  developm ent as  

Judged by th e  ap p earan ce  o f th e  g r a n u le s .  The c e l l s  w ere PAS p o s i t iv e  

on th e  f i r s t  day a f t e r  b i r t h  a s  e v id en c e d  by th e  d i f f u s e  p in k  c o lo r ,  

a lth o u g h  th e  g ra n u le s  d id  n o t  ap p ea r u n t i l  th e  se v e n th  day .

B etw een th e  35t h  and k2nd d a y s , d e g ra n u la t io n  o f  th e  g o n ad o tro p es  

in  th e  fem a le  to o k  p la c e ,  and t h i s  was a lm o s t c e r t a i n l y  due t o  th e  r e l e a s e  

o f g o n a d o tro p ic  horm ones, c o in c id in g  w ith  th e  f i r s t  e s t r u s .  I n  seven  

o u t o f tw e lv e  r a t s  th e  d e g ra n u la t io n  o c c u r re d  in  th e  p e r ip h e r a l  c e l l s  

b e fo re  i t  o c c u rre d  in  t h e  c e n t r a l  g o n a d o tro p e s . From day h2 onw ard, no 

s to ra g e  o f  g o n a d o tro p in  g ly c o p ro te in  was re c o g n iz e d .

P u rv e s  and G rie sb ac h  ( 195^ ,  1955) r e p o r te d  t h a t  in  a d d i t io n  to  

th e  b a s o p h i le s  b e in g  co n cern ed  w ith  th y r o t r o p ic  hormone s e c r e t io n ,  th e  

a n t e r i o r  p i t u i t a r y  g la n d  has two s p e c i f i c  ty p e s  o f b a s o p h ils  c e l l s  which 

produce  g o n a d o tro p ic  horm ones. The in f lu e n c e  of c a s t r a t i o n  and e s tro g e n  

a d m in is t r a t io n  on th e  im m ature fem ale  r a t  p i t u i t a r y  (L o ck h art and F i n e r t y ,  

1955) and  th e  e l e c t r o n  m ic ro sco p ic  s tu d ie s  o f  F a rq u h a r  and R in e h a r t  (195^) 

a re  in  ag reem en t w ith  th o se  o f  P u rv es  and  G rie sb a c h . The p e r ip h e r a l ly  

s i t u a t e d  g o n ad o tro p es  a r e  d is t in g u is h e d  by a  c o a rse  c y to p la sm ic  g ra n u la ­

t i o n  due t o  g ly c o p ro te in  w ith  a  h ig h  s u g a r  c o n te n t  and a re  c o n s id e re d  t o  

be r e s p o n s ib le  f o r  s e c r e t io n  o f  FSE. T he c e n t r a l l y  lo c a te d  go n ad o tro p es  

have a  f i n e r  g r a n u la t io n  and th e  g ly c o p r o te in  r e a c t io n  i s  l e s s  in te n s e .  

T hese  a r e  c o n s id e re d  t o  be r e s p o n s ib le  f o r  th e  s e c r e t io n  o f LH.
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T e s to s te ro n e  p ro p io n a te  h a s  a  d i f f e r e n t i a l  e f f e c t  upon th e  g o n a d o tro p ic  

c e l l s  o f  t h e  a d u l t  fem a le  r a t s ,  p ro m o tin g  g ra n u le  s to ra g e  in  th e  p e r ip h ­

e r a l  (FSH p ro d u c in g ) c e l l s  and d e p re s s in g  th e  g ra n u le  c o n te n t  (LH p ro d u c ­

ing) c e l l s .  T hese f in d in g s  su p p o rt th e  v o rk  o f G-reep and Jo n e s  ( l 950h) 

which d e m o n stra ted  t h a t  t e s t o s t e r o n e  p ro p io n a te  s t im u la te d  th e  s to ra g e  

of fSH in  th e  i n t a c t  fem ale  r a t .



CHAPTEE I I I  

EXPERIMENTAL PROCEDURE

A t o t a l  o f  392 a d u l t  fem a le  c a s t r a t e  r a t s  were i n je c te d  w ith  

e s t r a d i o l  b en zo a te  in  d a i ly  d o se s  o f 1.0  o r  2 5 .0  ^ g .  and each  dose  b e in g  

a d m in is te re d  f o r  30 and I80  days and th e  tim e  d e te rm in ed  when th e  l u t e i n ­

iz in g  hormone (IE ) a g a in  became d em o n strab le  a f t e r  c e s s a t io n  o f th e  

e s tro g e n  a d m in is t r a t io n .  The r a t s  w ere o f  th e  Sprague-D aw ley and H o l tz - 

man s t r a i n s  and were a p p ro x im a te ly  f o u r  t o  seven  m onths o f  age a t  th e  

tim e o f  oophorectom y. Two m onths p o s t - o p e r a t iv e ,  su b cu tan eo u s ad m in is ­

t r a t i o n  o f  e s tr a d io l b en zo a te  d is s o lv e d  in  c o tto n s e e d  o i l  was begun. The 

in j e c t i o n s  w ere made in  O.05 c c . q u a n t i t i e s  e v e ry  o th e r  day w ith  th e  

i n j e c t i o n  s i t e s  d i s t r i b u t e d  o v e r th e  dorsum  o f  th e  a n im a ls . The p i t u i t a r y  

g la n d s  from  th e s e  r a t s  were a ssa y ed  in  a  t o t a l  o f  323 im m ature norm al o r  

hypophysectom ized  r a t s ,  a l s o  o f  th e  H oltzm an and Sprague-D aw ley s t r a i n s .

I n  o rd e r  t o  d e te rm in e  th e  le n g th  o f  tim e  r e q u ir e d  f o r  re a p p e a ra n c e  

o f IE  in  th e  f o u r  g roups o f r a t s ,  th e  donor an im a ls  were a u to p s ie d  a t  

tim es  ra n g in g  from  z e ro  t o  50 days a f t e r  te r m in a t in g  th e  i n j e c t i o n s ,  z e ro  

in d ic a t in g  th e  day th e  i n j e c t i o n s  s to p p e d . A t th e  tim e  o f a u to p sy , th e  

p i t u i t a r y  g la n d s  were rem oved, some b e in g  p la c e d  in  a c e to n e  and p re p a re d  

f o r  a s s a y  w h ile  o th e r s  were p la c e d  in  Z en k e rf o r m o l  s o lu t io n  in  p re p a ra ­

t i o n  f o r  c y to lo g ic a l  s tu d y .
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T hose g la n d s  p la c e d  in  a c e to n e  w ere d r i e d ,  su ’bseq.u.ently groim d 

in to  a  f i n e  powder and p re p a re d  f o r  a d m in is t r a t io n  by b e in g  suspended in  

w a te r  (H ellbaum  and G reep , 1940) .  I n  m ost c a s e s  in d iv id u a l  p i t u i t a r y  

g la n d s  w ere u sed  f o r  th e  a s s a y .  I n  o th e r  in s ta n c e s ,  two o r  more g la n d s  

were n e c e s s a ry  t o  o b ta in  a  r e s p o n s e . The m a jo r i ty  o f  th e  a s s a y  an im a ls  

were hypo p h y sec to m ized , b e in g  o p e ra te d  a t  24 days o f  age and th e  f i r s t  

i n j e c t i o n  g iv e n  48 h o u rs  p o s t - o p e r a t i v e . The n o rm al a s s a y  r a t s  were 20 

to  21 days o f  age w ith  a  w e ig h t ran g e  o f  35 t o  40 gms. a t  th e  tim e  o f  

th e  f i r s t  i n j e c t i o n .

The s u sp e n s io n s  o f  d r i e d  p i t u i t a r y  t i s s u e  were a d m in is te re d  in  

d o sag es  o f  0 .5  c c .  tw ic e  d a i l y  f o r  th r e e  d ay s  and th e  a u to p s ie s  p erfo rm ed  

48 h o u rs  a f t e r  th e  l a s t  i n j e c t i o n .  A t a u to p sy  th e  r e s u l t s  o f th e  in j e c t e d  

p i t u i t a r y  t i s s u e  were n o te d  by th e  re sp o n se  in  th e  o v a r ia n  w e ig h ts  a s  

w e ll  a s  th e  p re se n c e  o r  ab sen ce  o f c o rp o ra  l u t e a  and th e  r e l a t i v e  s t im u ­

l a t i o n  o f  th e  u t e r u s .

The an im a ls  from  w hich th e  p i t u i t a r y  g la n d s  were ta k e n  f o r  a s s a y  

were a u to p s ie d  on th e  days in d ic a te d  below :

(1) E s t r a d i o l  b e n z o a te  1.0  p g . - 30 days and a u to p s ie d  0 , 2 , 6 ,
9 , 12 , 15 , 18 and 21 days a f t e r  th e  i n j e c t i o n s  were s to p p e d .

(2 ) E s t r a d i o l  b e n z o a te  1.0  )ig . -  I8 0  days and a u to p s ie d  4 , 6 , 9 ,
12 , 17 , 2 1 , 24 and 28 d ay s  a f t e r  th e  i n j e c t i o n s  were s to p p e d .

(3) E s t r a d i o l  b e n z o a te  2 5 .0 ynQ, -  30 days and a u to p s ie d  12 , I 5 ,
18 , 2 0 , 25 and each  f i v e  days t h e r e a f t e r  to  50 days a f t e r  
in j e c t i o n s  were s to p p e d .

(4 ) E s t r a d i o l  b e n z o a te  2 5 .0  p g . -  I80  days and a u to p s ie d  15 , I 8 ,
19 , 2 0 , 2 1 , 24 , 2 5 , 26 and 33 days a f t e r  th e  i n j e c t i o n s  w ere 
s to p p ed .

O b se rv a tio n s  made a t  th e  tim e  o f a u to p sy  o f  th e  a s s a y  an im a ls  were 

as  fo l lo w s :  ( l )  Body w e ig h t (2 ) V a g in a l membrane open o r  i n t a c t
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(3 ) W eight o f  o v a r ie s  (4) G ross e x am in a tio n  o f  th e  o v a r ie s  hy t r a n s i l l u ­

m in a tio n  t o  d e te rm in e  th e  p re se n c e  o r  ab sence  o f c o rp o ra  l u t e a .  I f  c o r ­

po ra  l u t e a  c o u ld  n o t  he d is c e rn e d  g r o s s ly ,  th e  o v a r ie s  w ere s e c t io n e d  

and s tu d ie d  m ic ro s c o p ic a l ly .  (5 ) R e la t iv e  s t im u la t io n  o f  th e  u te r u s .

The s t im u la t io n  o f  th e  u te r u s  i s  in d ic a te d  a s  1 /  t o  h / ,  one p lu s  i n d i ­

c a t in g  t h a t  s t im u la t io n  was p r e s e n t  and /  r e p r e s e n t in g  maximum s tim u ­

l a t i o n .

Two o r  th r e e  p i t u i t a r y  g la n d s  w ere ta k e n  f o r  c y to lo g ic a l  s tu d y  

from  each  g roup  o f  in j e c t e d  an im a ls  a t  au to p sy  a t  th e  tim e s  s p e c i f i e d  

below:

(1) E s t r a d i o l  b e n z o a te  1 .0  p g . -  30 d ay s  and a u to p s ie d  2 , 12 and 
18 d ay s  a f t e r  th e  i n j e c t i o n s  were s to p p e d .

(2 ) E s t r a d i o l  b e n z o a te  1 .0  p g . -  IBO days and  a u to p s ie d  h ,  12
and 28 days a f t e r  th e  in j e c t i o n s  were s to p p e d .

(3 ) E s t r a d i o l  b e n z o a te  25.0  jig . -  30 days and a u to p s ie d  2 , 12 , l8
and 20 days a f t e r  th e  in j e c t i o n s  were s to p p e d .

(h) E s t r a d i o l  b e n z o a te  2 5 .0  jig . - l8 0  days and a u to p s ie d  6 , 25 
and 26 days a f t e r  th e  in j e c t i o n s  were s to p p e d .

The c y to lo g ic a l  s tu d ie s  o f  th e  p i t u i t a r i e s  were made by D r. J .  C. 

F i n e r t y ,  P r o f e s s o r  o f  Anatomy a t  th e  U n iv e r s i ty  o f  T exas S ch o o l o f  

M ed ic in e , G a lv e s to n , T ex as . The t i s s u e  s e c t io n s  w ere t r e a t e d  w ith  th e  

M cM anus-H otchkiss p e r io d ic  a c id  S c h i f f  re a g e n t  (PAS) w hich s t a i n s  g ly c o ­

p r o t e in  and th e  r e s u l t s  w ere compared w ith  th o s e  o f P u rv es  and G rie sb ac h  

( 1951, 195^ ) ,  W olfe (19^9) and S i p e r s t e i n  e t  a l . , ( 195^ ) .



CHAPTER IV

EXPERIMENTAI, RESUITS

The r e s u l t s  o f  t h i s  s tu d y  a re  summarized in  T a b le s  I ,  I I ,  IV, VI 

and V I I I . The t a b l e s  a re  d iv id e d  in to  two p a r t s .  One p a r t  p e r t a in s  to  

th e  d o nor an im a ls  w hich were i n j e c te d  w ith  e s t r a d i o l  b e n z o a te  and from  

which th e  p i t u i t a r y  g la n d s  were ta k e n . The o th e r  p a r t  p e r t a i n s  to  

th o s e  im m ature fem ale  t e s t  r a t s  w hich were r e c i p i e n t s  o f  th e  donor 

p i t u i t a r y  g la n d s .

The r e s u l t s  o f  th e  s t a t i s t i c a l  a n a ly s i s  a r e  sum m arized in  T a b le s  

I I I ,  V, V II and EC. S in c e  q u a l i t a t i v e  changes were m easured  in  t h i s  

e x p e r im e n t, th e  Chi S q u are  (Z^) method o f a n a ly s i s  was u s e d ,*

The d o nor d iv i s io n  of th e  t a b l e s  as e x e m p lif ie d  in  T ab le  I  summa­

r i z e s :  ( l )  The number o f  days in te rv e n in g  betw een c e s s a t io n  o f  th e

in j e c t io n s  and th e  a u to p sy  o f  th e  a n im a ls . "0" i n d ic a te s  th e  an im als  

•vrere a u to p s ie d  th e  day th e  i n j e c t i o n s  were s to p p e d , "2" in d ic a te s  two 

days a f t e r  th e  in j e c t i o n s  were s to p p e d , e t c .  (2 ) The num ber o f p i t u i t a r y  

g la n d s  t e s t e d  from  each  g ro u p „

The r e c i p i e n t  d iv i s io n  o f  th e  t a b l e s  c o n s i s t s  o f  s ix  p a r t s ,  each  

p a r t  sum m arizing a  s p e c i f i c  g roup o f  f in d in g  a s  fo llo w s : ( l )  Number o f

*The a n a ly s e s  were made by C a r l  R. D o e rin g , M .D ., C .P .H ., D .S c . , 
P r o f e s s o r  o f  B i o s t a t i s t i c s ,  D epartm en t o f P re v e n tiv e  M edic ine  and 
P u b lic  H e a l th ,  U n iv e r s i ty  o f Oklahoma S c h o o l o f  M ed ic in e .
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t e s t  a n im a ls  f o r  each  t e s t  g ro u p . (2) S p e c i f ic  ty p e  o f t e s t  a n im a l,

"APx" i n d i c a t in g  hypophysectom ized  im m ature fem a le  r a t s  and "Nor" 

in d ic a t in g  n o rm al im m ature fem a le  r a t s .  (3) A verage "body w eig h t o f  th e  

t e s t  a n im a ls  a t  th e  b e g in n in g  and end o f th e  f i v e  day t e s t  p e r io d .  The 

mean body w e ig h t i s  re c o rd e d  t o  d e m o n stra te  th e  w e ig h t g a in  which 

o ccu rred  o v e r  th e  f i v e  day  a s sa y  p e r io d .  The n o rm al r e c ip i e n t s  u s u a l ly  

g a ined  much more w e ig h t th a n  th e  hypophysectom ized  an im a ls  due to  th e  

p re sen c e  o f  th e  r a t ' s  own p i t u i t a r y  g la n d . (^) V a g in a l membrane open o r  

i n t a c t  in d ic a te d  a s  " 0" and "NO" r e s p e c t iv e ly .  (5 ) R e la t iv e  u te r in e  

s t im u la t io n  d e s ig n a te d  in  te rm s  o f 1 /  t o  4 /  d ep en d in g  on th e  d eg ree  o f 

re sp o n se . One /  in d ic a te d  t h a t  u t e r i n e  s t im u la t io n  was p re s e n t  and h f  

in d ic a te d  a  maximum u te r in e  s t im u la t io n .  (6) Mean o v a r ia n  w e ig h t in  mg. 

a t  th e  end o f  th e  f i v e  day i n j e c t i o n  p e r io d .  (7) The number o f an im a ls  

whose o v a r ie s  c o n ta in e d  no c o rp o ra  l u t e a  o r  c o n ta in e d  c o rp o ra  l u t e a  in  

a d d i t io n  t o  f o l l i c l e s ,  b e in g  d e s ig n a te d  a s  "NoC" and " C .L ." r e s p e c t iv e ly .

The E f f e c t s  o f  1 .0  }ig. o f  E s t r a d i o l  B en zo a te  D a ily  f o r  30 Days 

on th e  P i t u i t a r y  G lands o f  C a s t r a te d  Fem ale R a ts

P i t u i t a r y  g la n d s  from  1^4 a d u l t  fem a le  c a s t r a t e d  r a t s  were a ssa y e d  

in  lh-7 im m ature n o rm al and hypophysectom ized  r a t s .  T h i r te e n  o f  th e  

p i t u i t a r i e s  were from  u n in J e c te d  a n im a ls  and se rv ed  a s  c o n t r o l s .  T hese  

were a ssa y e d  in  26 n o rm al im m ature t e s t  r a t s .  The o v a r ie s  o f  a l l  26 

an im als  c o n ta in e d  c o rp o ra  l u t e a .  T h is  re sp o n se  o c c u rre d  r e g a r d le s s  o f  

th e  q u a n t i ty  o f  p i t u i t a r y  t i s s u e  a d m in is te re d  o r  w h e th er th e  r e s u l t a n t  

o v a r ie s  w ere la r g e  o r  s m a ll .  The o v a r ia n  w e ig h ts  av erag ed  53.8  mg. w ith  

a  range  o f  21.0  t o  1^3 .0  mg. The c a s t r a t e  fem a le  r a t s  from  w hich th e
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p i t u i t a r i e s  w ere o t ta in e d  were a p p ro x im a te ly  th e  same age a s  th e  an im als  

t r e a t e d  w ith  e s t r a d i o l  "benzoate and th e y  were c a s t r a t e d  f o r  th e  same 

le n g th  o f  tim e  (Ta"ble I ) .

The re m a in in g  l 4l  p i t u i t a r i e s  w ere from  a n im a ls  in je c te d  w ith  1.0  

fLg. e s t r a d i o l  b e n z o a te  d a i ly  f o r  30 days and were a ssa y ed  in  121 immature 

no rm al and hypophysectom ized  r e c i p i e n t s .  Tw enty donor an im a ls  were a u to p ­

s ie d  on th e  day th e  i n j e c t i o n s  were s to p p ed  and th e  ty p e  o f re sp o n se  

induced  by th e  p i t u i t a r y  g la n d s  from  th e s e  r a t s  was d e te rm in e d . F o u r 

hypophysectom ized  r e c i p i e n t s  re c e iv e d  one p i t u i t a r y  g la n d  each  w h ile  

fo u r  o th e r  hypophysectom ized  and f o u r  n o rm al t e s t  r a t s  each  were in je c te d  

w ith  tw o d o n o r g la n d s .

Of th e  f o u r  r e c i p i e n t s  r e c e iv in g  o n ly  one p i t u i t a r y  g la n d , th r e e  

had open v a g in a s  and th e  u t e r i  o f a l l  f o u r  s t im u la te d  t o  th e  e x te n t  o f  

2 / ,  The mean o v a r ia n  w eig h t averag ed  22 mg. The o v a r ie s  o f  th r e e  o f 

th e  f o u r  r e c i p i e n t s  c o n ta in e d  no  c o rp o ra  l u t e a ;  w hereas one had co rp o ra  

l u t e a  in  a d d i t io n  t o  th e  f o l l i c l e s .  A l l  f o u r  o f  th e  hypophysectom ized 

r e c i p i e n t s  w hich re c e iv e d  two p i t u i t a r y  g la n d s  had open v a g in a s  and 2 /  

u t e r in e  s t im u la t io n .  The mean o v a r ia n  w e ig h t was ^0 mg. and th r e e  of 

th e  f o u r  p o s s e s s e d  o v a r ie s  c o n ta in in g  no  c o rp o ra  l u t e a .

F o u r  n o rm a l r e c i p i e n t  an im als  each  re c e iv e d  two donor g lan d s  from  

an im a ls  k i l l e d  on th e  l a s t  day of i n j e c t i o n s .  A l l  f o u r  r a t s  had open 

v a g in a s  and 2 /  u t e r i n e  s t im u la t io n .  The mean o v a r ia n  w e ig h t was mg. 

The o v a r ie s  o f th r e e  o f  th e  f o u r  r e c i p i e n t s  c o n ta in e d  c o rp o ra  l u te a  in  

a d d i t io n  t o  f o l l i c l e s .

S ix  o f  th e  e ig h t  hypophysectom ized  r e c i p i e n t s  in j e c t e d  w ith  

p i t u i t a r y  g la n d s  from  a d u l t  r a t s  t r e a t e d  d a i ly  f o r  30 days w ith  1,0  )ig.
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T a t le  I

P i t u i t a r y  A c t iv i t y  o f A d u lt Fem ale C a s tr a te  R a ts  R ec e iv in g  1.0  pg . 

E s t r a d i o l  B en zo a te  p e r  Day f o r  30 days 

D onor R e c in ie n ts
Days A f te r  N o .P i t s . Av.Body N t. V agina U t. A v ,¥ t . S t . of Ov.
In J .  S to p Adm. No. Type B eg in End 0 NO S-cim. Ovary NoC. C.L.

U n in Jec ted 13 26 Nor ---- ----- 26 0 53.8 0 26

0 k h APx 14.8.5 5^.5 3 1 / 2 2 .0 3 1

0 8 h APx 1;8.0 54.5 4 0 / 50.0 3 1

0 8 h Nor 37.0 54 .0 4 0 / 46.0 1 3

2 9 9 APx I4.5.6 5 1 .6 5 4 18 .0 8 1

6 10 10 APx 1̂9 .1̂ 5 6 .6 8 2 / 3 2 .6 5 5

6 6 3 APx 1^8.0 51.3 3 0 101.0 0 3

9 12 12 APx 1^6.8 49.8 12 0 6 7 .6 1 11

9 4 2 APx lt.5.0 45.5 2 0 69.0 0 2

9 1 1 Nor 35 .0 50 .0 1 0 30.0 1 0

9 10 5 N or 3 3 .2 53.0 5 0 9 4 .4 0 5

12 22 22 APx I4.6.7 49.7 22 0 67 .2 3 19

12 1; 2 APx U9.5 53.5 2 0 89.5 0 2

15 6 6 APx 48.2 48.3 6 0 61 .5 1 5

15 7 7 Nor 3 6 ,1 5 4 .4 7 0 58 .9 2 5

18 15 15 APx 46.0 49.5 15 0 56.3 1 l 4

18 8 8 N or 37.1 57.6 8 0 66.5 2 6

21 6 6 APx 4 7 .0 53.5 6 0 73.7 0 6

- - 21 APx ------- 48.0 0 21 0 6 .6 - -

- - 21 N or “ — 5 4 .0 0 21 0 1 1 .6 - -

Av. Body W t.: A verage to d y  w e ig h t in  gm. V agina: 0 -open; ÏÏO-not open
U t, S t im .:  R e la t iv e  s t im u la t io n  o f  u t e r u s . A v.W t.Ovary: A verage w e ig h t o f
o v a r ie s  in  mg. S t . o f  Ov; S ta t e  o f  O v a r ie s . NoC-No c o rp o ra  lu te a ;  C.L. 
c o rp o ra  l u t e a .
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o f e s t r a d i o l  'benzoate  p o s se s s e d  o v a r ie s  c o n ta in in g  no  c o rp o ra  lu t e a  

which in d ic a te d  t h a t  r e l a t i v e l y  l i t t l e  LH was p r e s e n t  in  th e  g la n d s . I t  

i s  t o  be n o te d  t h a t  th e  o v a r ie s  o f  hypophysectom ized  an im als  r e c e iv in g  

two p i t u i t a r y  g la n d s  w ere s t im u la te d  a p p ro x im a te ly  600 p e r  c e n t  as  com­

p a re d  t o  200 p e r  c e n t in  th o s e  r e c e iv in g  one g la n d . The f o u r  no rm al r e c i p ­

ie n t s  each  r e c e iv e d  two g la n d s ,  b u t  th r e e  o f th e  an im a ls  had co rp o ra  

l u t e a .

Two days fo l lo w in g  c e s s a t io n  o f th e  e s tro g e n  i n j e c t i o n s ,  n in e  

donor a n im a ls  were a u to p s ie d ,  and th e  p i t u i t a r y  g la n d s  were a d m in is te re d  

t o  n in e  hypophysectom ized  r e c i p i e n t s .  The mean o v a r ia n  w e ig h t was 18 mg. 

and th e  o v a r ie s  o f  e ig h t  o f th e  n in e  r e c i p i e n t s  p o s se s s e d  no c o rp o ra  

l u t e a .  The o v a r ia n  w e ig h t was in c re a s e d  ap p ro x im a te ly  200 p e r  c e n t when 

compared w ith  t h a t  o f th e  c o n t r o l s .

L i t t l e  o r  no  d i f f e r e n c e  was fo u n d  in  th e  o v a r ia n  w e ig h ts  o f th e  

hypophysectom ized  r e c i p i e n t s  r e c e iv in g  a  s in g le  p i t u i t a r y  g la n d  from  th e  

donors  a u to p s ie d  on th e  day e s t r o g e n  a d m in is t r a t io n  s to p p ed  a s  compared 

w ith  th o s e  k i l l e d  two days l a t e r .  E le v e n  o f th e  13 r e c i p i e n t s  in  th e s e  

two g ro u p s  re sp o n d ed  w ith  o v a r ie s  c o n ta in in g  o n ly  f o l l i c l e s .

C y to lo g ic a l  s tu d y  o f  th e  d o n o r p i t u i t a r y  g la n d s  two days a f t e r  

c e s s a t io n  o f e s tro g e n  a d m in i s t r a t io n .  T a b le  I I ,  re v e a le d  an in c re a s e d  

number o f b a s o p h ile s  in  th e  a n g le s  a d ja c e n t  to  th e  p a r s  in te rm e d ia  

(F ig .  1 ) .

S ix te e n  d o nor a n im a ls  were a u to p s ie d  s ix  days a f t e r  th e  e s tro g e n  

i n j e c t i o n s  were s to p p e d . T a b le  I .  Ten o f  th e  p i t u i t a r y  g la n d s  were 

t e s t e d  in  t e n  hypophysectom ized  r e c i p i e n t s ,  f i v e  o f  which had o v a r ie s  

w ith  no c o rp o ra  l u t e a  w h ile  th e  re m a in in g  f iv e  responded  w ith  co rp o ra



Table I I

P i t u i t a r y  C yto logy  o f A d u lt Fem ale C a s t r a te  R a ts  on D i f f e r e n t  Days F o llo w in g  

C e ssa tio n  o f A d m in is tra tio n  o f E s t r a d i o l  B enzoate

Dose
D u ra tio n  Days In te rv e n -  
o f Adm. in g  A f te r  Adm.

No.
P i t s

No.
B aso p h ile s

B aso p h ile  B aso p h ile  
G ra n u la tio n  D eg ran u la .

No. P r e d ic t io n  o f 
Chromophobe G onado trop in

1.0  >xg. 30 days 2 2
in c re a s e  in  
a n g le , v a c . FSE

1.0  )ig. 30 days 18 2
marked 
e x c e s s ,v a c . h eavy , d a rk  — —  h ig h  IE

1 .0  )ig. 180 days 3
s l ig h t"
in c re a s e

l i g h t ,  n e a r  
P .In te rm e d . — ----  FSE

1 .0  Jig. 180 days 12 3

extrem e l i g h t  and 
b a s o p h i l ia  . d a rk , more 
c o n e ,a n g le s  d a rk , heavy — —  h ig h  IE

2 5 .0  Jig. 30 days 2 2 few l i ^ t  some
many low  FSE 
h y p e ra c tiv e  and IB

2 5 .0  Jig. 30 days 18 2
marked 

. in c re a s e

l i g h t  and 
d a rk , in  an g le  
P .In te rm e d . —

m oderate 
h ig h  c o n c ., in c re a s e  in  
adenoma FSE and IE

2 5 .0  Jig. 180 days 6 2 d e c rea se
many
h y p e ra c tiv e  reduced

2 5 .0  Jig. 180 days 25 2
m oderate
in c re a s e

l i g h t  and 
d a rk , in  a n g le s  
P .In te rm e d . ----

s l i g h t  to  
p o s s ib le  m oderate 
in c re a s e  in c re a s e

2 5 .0  Jig. 180 days 26 3

1) few
2) in c re a s e

3) many

s l i g h t  —
lig h t ,m o d e ra te  ----
s iz e d
l i g h t  and d a rk  —  
c a s t r a t io n  c e l l s

V a ria b le
c o n ten t

U)
H

Vac: V a cu o la tio n . Cone: C o n c e n tra tio n . P .In te rm ed : P a rs  in te rm e d ia .
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PITUITARY GLANO  ̂CROSS SECTION 
GHOWINGGONADOTROPE ZONES 

(SCHEMATIC)

INTERMEDIATE LOBE

POSTERIOR LOBE 
ANTERIOR LOBE

B  CENTRAL ZONE 

E D  PERIPHERAL ZONE

FIG. I

l u t e a  in  a d d i t io n  t o  f o l l i c l e s .  The mean o v a r ia n  w e ig h t was 32.6  mg. 

S ig h t  r e c i p i e n t s  showed open v a g in a s .  The u t e r i  re sp o n d ed  w ith  a  2 /  

s t im u la t io n .  T h ree  hypophysectom ized  r e c i p i e n t s  each  r e c e iv e d  two g la n d s . 

A l l  th r e e  r a t s  re sp o n d ed  w ith  o v a r ia n  c o rp o ra  l u t e a ,  and th e  mean o v a r ia n  

w e ig h t was 101.0  mg.

A l l  o f th e  re sp o n se s  t o  in je c te d  p i t u i t a r y  g la n d s  from  r a t s  

a u to p s ie d  s ix  days su b seq u en t t o  c e s s a t io n  o f th e  i n j e c t i o n s ,  in d ic a te d  

t h a t  th e  amount of LS was in c r e a s in g  in  th e  g la n d s . Over 60 p e r  c e n t  

o f  th e  r e c i p i e n t s  had o v a r ia n  c o rp o ra  l u t e a .  The trem endous in c re a s e  in  

o v a r ia n  w eig h t when tw o g la n d s  w ere a d jn in is te re d  was q u i t e  n o tew o rth y . 

R e c ip ie n ts  r e c e iv in g  one p i t u i t a r y  g la n d  had a 't-00 p e r  c e n t  in c re a s e  in
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o v a ria n  w e ig h t, w h ile  th o s e  r e c e iv in g  two g lan d s  had a  I5OO p e r  c e n t 

in c re a s e  in  w e ig h t. The in c re a s e  in  w e ig h t i s  p r o ta h ly  dne t o  th e  in c r e a s ­

ed amount o f  b o th  FSH and EH when two g la n d s  were a d m in is te r e d . S l i g h t  

in c re a s e s  in  t h e  amount o f EH in  th e  p re se n c e  o f an ad eq u a te  amount o f  

FSH have been  shown to  s t im u la te  a  marked in c re a s e  in  th e  w e i ^ t  o f th e  

ovary .

The s t a t i s t i c a l  a n a ly s i s  o f th e  re sp o n se s  from  th e  r a t  p i t u i t a r y  

g la n d s  w hich had  b een  t r e a t e d  w ith  1.0  ^ g .  o f e s t r a d i o l  b e n zo a te  f o r  30 

days and a u to p s ie d  a t  v a r io u s  tim e s  su b seq u en t t o  c e s s a t io n  o f th e  i n j e c ­

t i o n s ,  in d ic a te d  a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  in  th e  c o n te n t  o f EH in  

th e  p i t u i t a r i e s  dep en d in g  on th e  tim e  o f a u to p sy . The number o f  r e c i p ­

i e n t  an im a ls  re sp o n d in g  w ith  o v a r ie s  c o n ta in in g  no  c o rp o ra  l u t e a  was 

s i g n i f i c a n t l y  g r e a t e r  when th e  a u to p s ie s  w ere made on o r  b e fo re  th e  s ix th  

day a f t e r  e s t r o g e n  t r e a tm e n t  was s to p p ed . The o v a r ie s  o f 20 o f  th e  3^  

r e c ip i e n t s  c o n ta in e d  no  c o rp o ra  l u t e a .  The p r o b a b i l i t y  t h a t  t h i s  re sp o n se  

would have o c c u rre d  by chance was one in  a  th o u san d ; o r  th e  P v a lu e  was 

< .001, T a b le  I I I .

Between th e  n in th  and t w e n t y - f i r s t  days fo l lo w in g  c e s s a t io n  o f  

e s tro g e n  a d m in is t r a t io n ,  96 d o n o r an im a ls  were a u to p s ie d  and th e  p i t u i t a r y  

g lan d s  were t e s t e d  in  87 norm al and hypophysectom ized  r e c i p i e n t s .  The 

mean o v a r ia n  w e ig h ts  ran g ed  from  $ 6 .3  mg. t o  9 ^ .^  m g ., e x ce p t f o r  one 

n orm al r e c i p i e n t  i n  w hich th e  o v a r ie s  w eighed 30.0  mg. E lev e n  o f th e  

87 r e c i p i e n t s  p o s se s se d  o v a r ie s  in  which no  co rp o ra  l u t e a  were p r e s e n t ,  

w h ile  th e  o v a r ie s  o f  th e  rem a in in g  76  c o n ta in e d  c o rp o ra  l u t e a .  One 

p i t u i t a r y  g la n d  was u sed  p e r  t e s t  an im a l in  m ost o f th e  a s s a y s .

The in c re a s e  in  o v a r ia n  w e ig h t ran g ed  from  $00 t o  I5OO p e r  c e n t
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Ta-ble III

O v arian  R esponse o f  th e  A ssay  A nim als t o  th e  P i t u i t a r y  G lands o f C a s t r a te  

Fem ale R a ts  T r e a te d  v i t h  1 .0  y ig . E s t r a d i o l  B en zo a te  f o r  30 Days

Days A f t e r  C e s s a t io n  o f  E s tro g e n  A d m in is tra tio n

S t.O v . 0 - 6 9 12 - 15 18 - 21 T o t a l

C .L . ll^ 18 31 26 89

No C .L . 20 2 6 3 31

T o ta l 20 37 29 120

^  No C.L. 59 10 16 10 26

: 26.9 P : C .OOl

C .L . : C orpo ra  l u t e a .
No C.L, : No c o rp o ra  l u t e a ,  o r  f o l l i c l e s  o n ly .
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o v e r t h a t  o f  th e  c o n t r o l s .  I t  has  been  e s ta b l i s h e d  t h a t  In  a d d i t io n  t o  

FSH, LH n u s t  be p r e s e n t  in  o rd e r  f o r  th e  o v ary  to  d ev e lo p  such  an in c re a s e  

in  s iz e  and w e ig h t in  a  p e r io d  o f  120 h o u rs . The p re se n c e  o f bo th  FSH 

and LH a re  a l s o  r e q u ir e d  f o r  th e  s e c r e t io n  o f  e s tro g e n  by th e  ovary 

(H isaw , 19^7 )* T h a t  LH and FSH were p r e s e n t  in  s i g n i f i c a n t  q u a n t i t i e s  

a f t e r  th e  n in th  day  fo llo w in g  e s tro g e n  a d m in is t r a t io n  was f u r t h e r  ev id en ced  

by th e  f a c t  t h a t  s u f f i c i e n t  e s tro g e n  was b e in g  p ro duced  by th e  o v a r ie s  o f  

th e  r e c i p i e n t s  t o  s t im u la te  g row th  o f th e  u te r u s  and s e c r e t io n s  in  th e  

u te r u s  t o  th e  e x te n t  t h a t  th e  v a g in a s  were opened.

A d e f i n i t e  change o c c u rre d  in  p i t u i t a r y  c y to lo g y  by th e  n in th  day 

a f t e r  s to p p in g  th e  e s tro g e n  i n j e c t i o n ,  ev id en ced  c h i e f l y  as  a  marked 

in c re a s e  in  v a c u o la te d  b a s o p h i le s ,  T a b le  I I .  The m ost a p p a re n t in c re a s e  

was in  th e  c e n t r a l  g o n ad o tro p e  zone (F ig . l ) .

P i t u i t a r y  G land  A ssays a f t e r  A d m in is te r in g  1.0  p g . o f  E s t r a d io l

B en zo a te  f o r  180 Days 

The r e c i p i e n t  re sp o n se s  t o  th e  p i t u i t a r i e s  o f  t h i s  g ro u p , t o t a l i n g  

6h a d u l t  fem a le  c a s t r a t e  donor r a t s ,  a re  ta b u la te d  in  T a b le  IV . The 

g la n d s  w ere t e s t e d  in  51 no rm al and hypophysectom ized  r e c i p i e n t s .

Tw elve donor an im als  were a u to p s ie d  f o u r  d ay s  a f t e r  th e  e s tro g e n  

in j e c t i o n s  were te rm in a te d .  Two g la n d s  were t e s t e d  in  two h y p o p h y sec to ­

m ized r e c i p i e n t s  and n e i t h e r  o f  them  had  open v a g in a s  n o r  u t e r in e  s t im u ­

l a t i o n .  The mean, o v a r ia n  w e ig h t was 12 m g ., an in c r e a s e  o f l e s s  th a n  

100 p e r  c e n t ,  and th e  o v a r ie s  c o n ta in e d  no  c o rp o ra  l u t e a .  T h is  re sp o n se  

su g g e s te d  t h a t  th e  p i t u i t a r i e s  had a low  c o n te n t o f b o th  FSH and LH, s in c e  

o n ly  f o l l i c l e s  w ere p re s e n t  i n  th e  o v a r ie s  and no e s tr o g e n  was b e in g
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Tp.tle IV

P i t u i t a r y  A c t iv i t y  o f A d u lt Fem ale C a s t r a te  R a ts  R ece iv in g  1.0  jig . 

E s t r a d i o l  B enzoate  p e r  Day f o r  l 80 Days

D onor R e c ip ie n ts
Days A f te r  N o .P i t s .  
I n J .  S to p  Adm. No.

ÀV. Body ¥ t .  
Type B eg in  End

V agina 
0 NO

U t.
S tim .

A v .¥ t.
Ovary

S t .  o f  Ov. 
NoC. C.L.

h 2 2 APx Î4-5.0 51.5 0 2 0 12.0 2 0

k 10 5 APx k^ .O 1+1+.2 5 0 / 5 7 .8 1 1+

6 1 1 APx 5 0 .0 5 1 .0 0 1 0 8 ,0 1 0

6 12 6 APx J+6.2 51.5 5 1 / 7 0 .7 1 5

9 12 12 APx -̂7 A 53.1 8 1+ / 2 8 .7 6 6

12 11 11 APx 14-9.2 5k . 5 11 0 / 57 . k 3 8

12 1 1 N or 35.0 53.0 1 0 / 8 9 .0 0 1

17 2 1 APx 1+7.0 1+9.0 1 0 / 6 3 .0 0 1

21 7 7 APx 51.3 55.9 6 1 / 5 0 .k 2 5

21 1 1 N or 35.0 55.0 1 0 / 107 .0 0 1

21 2 1 N or 35.0 55.0 1 0 I 122 .0 0 1

2k 1 1 APx 5 1 .0 53.0 1 0 / 106 .0 0 1

28 2 2 APx 5 1 .0 53.5 2 0 I 6 9 .0 0 2

- - 21 APx - - - - 1+8.0 0 21 0 6 .6 - -

- - 21 N or — — * — 5I+.0 0 21 0 1 1 .6 - -

Av. Body V t .  : A verage Body w eig h t in  gm. V agina; 0 -open; N O-not open
U t. S t im .:  R e la t iv e  s t im u la t io n  o f u t e r u s .  Av.W t.Ovary: A verage w eig h t o f
o v a r ie s  in  mg. S t . o f  Ov. : S ta te  o f O v a r ie s . NcC-No co rp o ra  lu te a ;  C .L .- -
c o rp o ra  l u t e a .
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produced  t j  th e  o v a r ie s  a s  ev id en c e d  t y  th e  l a c k  o f  u t e r in e  s t im u la t io n  

and i n t a c t  v a g in a l  membranes.

The re m a in in g  te n  d o n o r p i t u i t a r y  g la n d s  from  r a t s  a u to p s ie d  fo u r  

days a f t e r  te r m in a t io n  of th e  i n j e c t i o n s  v e re  t e s t e d  in  f i v e  hypophysec­

to m ized  r e c i p i e n t s .  The re sp o n se  was somewhat d i f f e r e n t  from  t h a t  o b ta in ­

ed when one g la n d  was a d m in is te r e d . The o v a r ie s  o f  f o u r  o f  th e  f iv e  

an im a ls  re sp o n d ed  w ith  th e  fo rm a tio n  o f  c o rp o ra  l u t e a .  A l l  f i v e  an im als 

had open v a g in a s  and 1 /  u t e r i .  The mean o v a r ia n  w e ig h t was 57.8  mg. 

w hich was a p p ro x im a te ly  an  800 p e r  c e n t in c r e a s e  o f  t h a t  o f  th e  c o n tr o ls .

The c y to lo g ic a l  s tu d y , sum m arized in  T a b le  I I ,  o f  th e  p i t u i t a r y  

g la n d s  o f a n im a ls  t r e a t e d  w ith  1 .0  p g . o f e s t r a d i o l  b e n zo a te  f o r  l8 0  days 

and a u to p s ie d  f o u r  days a f t e r  c e s s a t io n  o f th e  i n j e c t i o n s  showed a  s l i g h t  

in c re a s e  in  th e  number o f b a s o p h i le s .  The cy to p la sm  of th e  b a s o p h ile s  

s ta in e d  l i g h t l y  and  were c o n c e n tra te d  in  an  a r e a  a d ja c e n t  t o  th e  p a rs  

in te rm e d ia  (F ig .  1) .

On th e  s i x t h  day fo llo w in g  th e  te r m in a t io n  o f e s tr o g e n  a d m in is tr a ­

t i o n ,  13 d o nor r a t s  were a u to p s ie d .  One p i t u i t a r y  g la n d  was t e s t e d  in  

one hypophysectom ized  r e c i p i e n t  w ith  no a p p a re n t  re sp o n se  a s  ev idenced  

by an  i n t a c t  v a g in a l  membrane, no u t e r in e  s t im u la t io n  and o v a r ie s  

w eig h in g  8 mg. w ith  no c o rp o ra  l u t e a .

Tw elve d o n o r p i t u i t a r y  g la n d s  were t e s t e d  in  s ix  hypophysectom ized 

r e c i p i e n t s .  The mean o v a r ia n  w eigh t was 70*7 mg. w ith  f i v e  o f  th e  s ix  

r e c i p i e n t s  p o s s e s s in g  o v a r ie s  w ith  c o rp o ra  l u t e a .  F iv e  o f th e  s ix  

r e c i p i e n t s  a l s o  had  open v a g in a s  and  th e  mean u t e r in e  s t im u la t io n  was 1 / .

Twelve d o n o r an im a ls  were a u to p s ie d  on th e  n in th  day a f t e r  

e s t r o g e n  a d m in is t r a t io n  was s to p p e d , and t h e i r  p i t u i t a r y  g la n d s  were



38

t e s t e d  in  12 hypophysectom ized  r a t s .  E ig h t  o f th e  12 an im a ls  responded 

v i t h  open v a g in a s .  The mean u t e r in e  s t im u la t io n  v as  1 / .  The mean 

o v a r ia n  v e ig h t  v a s  28.7  m g ., a  300 p e r  c e n t in c re a s e  o v e r  t h a t  o f th e  

c o n t r o l s .  S ix  o f  th e  12 an im a ls  p o s se s s e d  o v a r ie s  c o n ta in in g  no co rp o ra  

l u t e a .  The re sp o n se  v a s  s u g g e s t iv e  o f  th e  f a c t  t h a t  LH had  re tu rn e d  to  

th e  p i t u i t a r i e s  in  r e l a t i v e l y  la r g e  q u a n t i t i e s .  Only one g la n d  v a s  

n e c e s s a ry  t o  p roduce  a  re sp o n se  in  each  t e s t  r a t .

Of th e  26 r e c i p i e n t s  r e c e iv in g  p i t u i t a r y  g la n d s  from  an im als  

a u to p s ie d  on th e  f o u r th  t o  n in th  d a y s , th e  o v a r ie s  o f 11 , o r  h2 p e r  c en t 

shoved no c o rp o ra  l u t e a .  T ab le  V. On th e  o th e r  hand , o f th e  25 t e s t  

an im a ls  r e c e iv in g  g la n d s  from  a n im a ls  a u to p s ie d  on th e  12 th  t o  2 8 th  days 

a f t e r  th e  e s t r o g e n  in j e c t i o n s  v e re  s to p p e d , th e  o v a r ie s  o f o n ly  f i v e ,  

o r  20 p e r  c e n t ,  c o n ta in e d  no c o rp o ra  l u t e a .

From th e  c y to lo g ic a l  s t u d i e s ,  see  T a b le  I I ,  o f th e  p i t u i t a r y  

g la n d s  o f th e  d o n o rs  a u to p s ie d  on th e  I 2 th  day a f t e r  te rm in a t in g  th e  

e s t r a d i o l  b e n zo a te  i n j e c t i o n s  v h ic h  had  been  g iv e n  in  a  1 .0  p g . d a i ly  

dose f o r  l8 0  d a y s , i t  v a s  a p p a re n t t h a t  an e x te n s iv e  b a s o p h i l i a  had 

o c c u rre d . The c e l l s  v e re  c o n c e n tra te d  in  th e  a n g le  a d ja c e n t  t o  th e  p a rs  

in te rm e d ia . Some o f th e  c e l l s  c o n ta in e d  l i g h t  s t a i n in g  g ra n u le s  and some 

c o n ta in e d  d a rk  s t a i n in g  g ra n u le s .  H ovever, th o s e  v i t h  d a rk ,  c o a rse  g ra n ­

u le s  v e re  p r e s e n t  in  l a r g e r  num bers.

An a n a ly s i s ,  u s in g  th e  " t "  t e s t ,  in d ic a te d  t h a t  no  s i g n i f i c a n t  

d i f f e r e n c e  e x i s t e d in  th e  tim e  re q u ir e d  f o r  th e  r e tu r n  o f LH in  th e  tv o  

g roups v h ic h  re c e iv e d  1 .0  yxQ. e s t r a d i o l  b e n zo a te  p e r  day f o r  30 and 180 

d a y s .
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T a t le  V

O v arian  R esponse o f th e  A ssay  A nim als to  th e  P i t u i t a r y  G lands o f C a s t r a te  

Fem ale E a ts  T r e a te d  w ith  1.0  E s t r a d io l  B enzoate  f o r  l 80 Days

Days A f te r  C e s s a t io n  o f  E s tro g e n  A d m in is tr a t io n

S t.O v , h -  9 1 2 - 2 8 T o ta l

C .L . 15 20 35

Eo C.L. 11 5 l6

T o ta l 26 25 51

io Eo C.L, k 2 20 31

:  2.13 P =< .10

C .L .: C o rp o ra  l u t e a .
IÎO C .L .: Eo c o rp o ra  l u t e a ,  o r  f o l l i c l e s  o n ly .
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Changea in  th e  P i t u i t a r y  g la n d s  o f D onor R a ts  R ec e iv in g  2^.0 )ig. 

o f  E s t r a d i o l  B enzoate  f o r  30 Days

T h is  i n j e c t i o n  group  in c lu d e d  131 donor an im a ls  and 97 r e c i p i e n t s .  

T ab le  V I. The r e c i p i e n t s  w ere norm al and hypophysectom ized  immature 

fem ale  r a t s .

Ten d o n o r a n im a ls  w ere a u to p s ie d  on th e  day th e  e s tro g e n  in je c t io n s  

■were te rm in a te d  and t h e i r  p i t u i t a r y  g la n d s  w ere t e s t e d  in  th r e e  hypophy­

sec to m ized  r e c i p i e n t s .  T h ree  g la n d s  w ere a d m in is te re d  t o  each  o f  two 

r e c i p i e n t s  and f o u r  g la n d s  w ere g iv en  t o  one a n im a l. T h e re  was no s tim u ­

l a t i o n  in  th e s e  a n im a ls  a s  in d ic a te d  by th e  l a c k  o f c o rp o ra  l u t e a ,  

s i g n i f i c a n t  in c re a s e  in  o v a r ia n  w e ig h t, o r  s t im u la t io n  o f th e  u te r u s .

T h is  re sp o n se  s u g g e s ts  t h a t  no s i g n i f i c a n t  am ounts o f  e i t h e r  LH o r  FSH 

w ere p r e s e n t .

T he p i t u i t a r y  c y to lo g y . T a b le  I I ,  o f  th e  two g la n d s  s u b je c te d  t o

2 5 .0  p g . o f  e s t r a d i o l  b e n z o a te  p e r  day f o r  30 days and a u to p s ie d  two

days l a t e r ,  showed a  rem ark ab le  change i n  th e  c e l l u l a r  s t r u c tu r e  due to

th e  e f f e c t  o f  e s t r o g e n .  Few b a s o p h ile s  w ere p r e s e n t  and th o s e  p o s se sse d  

o n ly  a  s l i g h t  g r a n u la t io n .  Some d e g ra n u la t io n  was a l s o  a p p a re n t and 

many h y p e ra c t iv e  chrom ophobes were n o te d .

On th e  t w e l f th  day a f t e r  te r m in a t io n  o f  e s tro g e n  a d m in is t r a t io n  

22 d o n o r a n im a ls  w ere a u to p s ie d  and t h e i r  p i t u i t a r y  g la n d s  w ere t e s t e d  

in  t e n  hypophysectom ized  r e c e i p i e n t s .  S ix te e n  g la n d s  were a d m in is te re d  

t o  e ig h t  r e c i p i e n t s .  The mean o v a ria n  w e ig h t was I 8 .8  m g ., a  200 p e r

c e n t  in c r e a s e .  Seven o f  th e  e ig h t  r e c i p i e n t s  had o v a r ie s  c o n ta in in g  no

c o rp o ra  l u t e a .  The mean u t e r in e  s t im u la t io n  was 1 / .
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T ab le  VI

P i t u i t a r y  A c t iv i t y  o f A d u lt Fem ale C a s t r a te  R a ts  R ec e iv in g  2 5 .0  jig . 

E s t r a d i o l  B en zo a te  p e r  Day f o r  30 Days

D onor R e c ip ien ts
Days A f te r  N o .P i t s .  
I n J . S to p  Adm. No.

Av. Body ¥ t .  
Type B eg in  End

V agina 
0 NO

U t.
S tim .

A v.V t.
Ovary

S t .
NoC.

o f Ov. 
C.L.

0 6 2 APx 5 0 .0 5 8 .5 0 2 0 8 .0 2 0

0 h 1 APx t l .O 41.0 0 1 0 8 .0 1 0

12 16 8 APx t y . i 5 2 .3 5 3 / 1 8 .8 7 1

12 6 2 APx t 6 .0 5 1 .0 2 0 / 90 .5 0 2

15 1 1 APx 53.0 52 .0 0 1 8 .0 1 0

15 8 h APx 48.3 5 6 .3 4 0 / 3 4 .0 3 1

18 20 20 APx 4 9 .0 55.1 13 7 / 2 1 .6 13 7

20 3 3 APx 4 5 .7 52 .0 3 0 / 42.0 1 2

25 12 12 APx 4 5 .1 4 7 .4 11 1 / 6 1 .4 1 11

25 8 h APx 46.0 48.3 4 0 / / 66 .5 2 2

25 2 2 N or 3 5 .0 4 9 .0 2 0 / / 5 9 .0 0 2

30 6 6 APx 46,2 5 0 .2 6 0 / 6 3 .7 1 5

30 h 2 APx 44.0 5 4 .5 2 0 / 7 8 .0 0 2

35 8 8 APx 46.5 46.9 7 1 / / 53.0 0 8

ho 7 7 APx 46.6 48.9 7 0 / 6 0 .1 0 7

t 5 9 9 APx 4 7 .7 48.3 6 3 / / 42.8 2 7

50 3 3 APx 46.7 48.7 3 0 / 6 2 ,7 0 3

- - 21 APx 48.0 0 21 0 6 .6 - -

- 21 Nor 5 4 .0 0 21 0 1 1 .6 -
— , -  1 L.II

Av. Body W t.; A verage body w e ig h t in  gm. V agina: 0 -open ; ÏÏO-not open
U t. S tim . : R e la t iv e  s t im u la t io n  o f  u te r u s .  A v.U t.O vary: A verage w eig h t o f
o v a r ie s  in  mg. S t . o f  Ov; S t a t e  o f  O v a r ie s . NoC-No c o rp o ra  lu te a ;  C .L .— 
c o rp o ra  l u t e a .
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S ix  o f  th e  donor g la n d s  from  a n im a ls  a u to p s ie d  12 days a f t e r  

s to p p in g  th e  i n j e c t i o n s  v e re  t e s t e d  in  tv o  hypophysectom ized r e c ip i e n t s .  

The re sp o n se  to  th r e e  g la n d s  ap p eared  t o  he q u i te  d i f f e r e n t  from  th o se  

v h ic h  re c e iv e d  tv o  g la n d s . B o th  r e c i p i e n t s  had o v a r ie s  c o n ta in in g  co rp o ra  

l u t e a .  The mean o v a r ia n  v e ig h t  v a s  90.5  m g ., a p p ro x im a te ly  a  IhOO p e r  

c e n t in c r e a s e  o v e r  t h a t  o f th e  c o n t r o l s  a s  compared t o  a  200 p e r  c en t 

in c re a s e  in  th o s e  r e c e iv in g  tv o  g la n d s . The v a g in a s  v e re  open and th e  

u t e r i  shoved a  1 /  s t im u la t io n .

N ine  donor an im a ls  v e re  a u to p s ie d  15 days a f t e r  th e  e s tro g e n  

in j e c t i o n s  v e re  te rm in a te d . The p i t u i t a r y  g la n d s  v e re  a l l  t e s t e d  in  

hypophysectom ized  r e c i p i e n t s .  One g la n d  v a s  t e s t e d  in  one r e c ip ie n t  and 

th e  re sp o n se  v as  no s t im u la t io n .  E ig h t  d o n o r g la n d s  v e re  t e s t e d  in  f o u r  

r e c i p i e n t s ,  th r e e  o f v h ic h  p o s se sse d  o v a r ie s  c o n ta in in g  no c o rp o ra  lu t e a .  

The mean o v a r ia n  v e ig h t  v a s  3^.0  m g ., a  400 p e r  c e n t in c r e a s e .  A l l  o f 

th e  r e c i p i e n t s  responded  v i t h  open v a g in a s  and 1 / .

On th e  l 8t h  day a f t e r  th e  i n j e c t i o n s  v e re  te rm in a te d , 22 donor 

a n im a ls  v e re  a u to p s ie d .  T-vrenty g la n d s  v e re  t e s t e d  in  hypophysectom ized 

r e c i p i e n t s  and tv o  v e re  f ix e d  f o r  c y to lo g ic a l  s tu d y . T h i r te e n  o f th e  20 

r e c i p i e n t s  had o v a r ie s  c o n ta in in g  no c o rp o ra  l u t e a .  The mean o v a r ia n  

v e ig h t  v a s  21.6  m g ., a  200 p e r  c e n t in c r e a s e .  The v a g in a s  v e re  open in  

a l l  o f  th e  13 r e c i p i e n t s .

The c y to lo g ic a l  ap p earan ce  o f th e  p i t u i t a r y  g lan d s  ta k e n  18 days 

a f t e r  te rm in a t io n  of th e  e s tro g e n  i n j e c t i o n s  vas  q u i te  d i f f e r e n t  from  

t h a t  o f th o s e  g la n d s  removed tv o  days a f t e r  s to p p in g  th e  i n j e c t i o n s .  The 

re sp o n se  in  th e s e  p i t u i t a r i e s  v a s  one o f m arked b a s o p h i l ia .  Both gonado. 

t r o p e  c e l l  ty p e s  v e re  in c r e a s e d ,  i . e . ,  th o s e  v i t h  th e  l i g h t  s ta in in g
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g ra n u le s .  The c e l l s  were e s p e c i a l l y  num erous in  th e  a n g le s  a d ja c e n t  t o  

th e  p a rs  in te rm e d ia . A h ig h  c o n c e n tr a t io n  o f chromophobes was a ls o  

p r e s e n t .

The s t a t i s t i c a l  simmary o f  th e  re sp o n se s  o f th e  p i t u i t a r y  g la n d s  

ta k e n  on o r  b e fo re  th e  l 8t h  day a f t e r  te rm in a t io n  o f th e  e s tro g e n  a d m in is ­

t r a t i o n  i s  g iv e n  In  T a b le  V II .  T h i r t y  o f th e  l̂ -l re c ip ie n ts^ , o r 73 p e r  

c e n t ,  re sponded  w ith  o v a r ie s  w hich c o n ta in e d  no c o rp o ra  l u t e a .  T e s t in g  

t h i s  re sp o n se  w ith  th e  Chi S q u are  m ethod in d ic a te d  a s i g n i f i c a n t  d i f f e r e n c e  

in  th e  number o f re sp o n se s  w ith  n o  c o rp o ra  l u t e a  in  th o s e  an im als  

a u to p s ie d  on o r  b e fo re  th e  l 8t h  day  and th o s e  a u to p s ie d  a f t e r  th e  l 8t h  

day . The P v a lu e  was < .0 0 1 . A f t e r  th e  l 8t h  d ay , q u i te  a  d i f f e r e n t  

re sp o n se  was a p p a re n t .  The o v a r ie s  o f ^9 o f th e  ^6  r e c ip i e n t s  c o n ta in e d  

c o rp o ra  l u t e a .  Betw een th e  2 0 th  and 3 0 th  days a f t e r  c e s s a t io n  o f  th e  

i n j e c t i o n s ,  17 p e r  c e n t o f  th e  r e c i p i e n t s  had no o v a r ia n  c o rp o ra  l u t e a ,  

be tw een  th e  35t h  and 50t h  days o n ly  7 p e r  c e n t responded  w ith  no o v a r ia n  

c o rp o ra  l u t e a .

The A l te r a t io n s  in  P i t u i t a r y  G land A c t iv i ty  A f te r  A d m in is te r in g

25.0  p g .  o f  E s t r a d i o l  B enzoate  p e r  Day f o r  I 80 Days

A summary o f  re sp o n se s  p rod u ced  in  kh no rm al and hypophysectom ized  

r e c i p i e n t s  when g iv e n  p i t u i t a r y  g la n d s  from  56 donor an im a ls  in je c te d  

w ith  2 5 .0  o f e s t r a d i o l  b e n zo a te  f o r  I 80 days i s  found  in  T ab le  V I I I .

C y to logy  o f  th e  donor p i t u i t a r y  g la n d s  t r e a t e d  w ith  25 .0  y g .  o f  

e s t r a d i o l  b e n zo a te  f o r  I 80 days and removed from  th e  an im a ls  s ix  days 

a f t e r  th e  c e s s a t io n  o f th e  e s tr o g e n  i n j e c t i o n s  showed a re d u c t io n  in  th e  

number o f  b a s o p h i le s .  T a b le  I I .  The number o f chromophobes was much 

in c re a s e d .



T a b le  711

O v arian  R esponse  o f th e  A ssay  A nim als to  th e  P i t u i t a r y  G lands o f C a s t r a te  

Fem ale R a ts  T r e a te d  w ith  25 .0  E s t r a d i o l  B en zo a te  f o r  30 Days

Days A f te r  C e s s a t io n  o f E s tro g e n  A d m in is tr a t io n

S t.O v . 0 - 1 8 20 -  30 35 - 50 T o ta l

C .L . 11 2h 25 60

No C .L . 27 5 2 3^

T o ta l 38 29 27 9h

i> No C .L . 71 17 7 36

31 .̂0 P : < . 0 0 l

S t .O v .:  S ta tu s  o f  th e  o v a r ie s .
C .L .: C o rp o ra  l u t e a .
No C .L .: No c o rp o ra  l u t e a ,  o r  f o l l i c l e s  o n ly .
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T a b le  V III

P i t u i t a r y  A c t iv i t y  o f  A d u lt Fem ale C a s t r a te  R a ts  R e c e iv in g  2 5 .0  ;ig. 

E s t r a d i o l  B en zo a te  p e r  Day f o r  I 80 Days

D onor R e c ip ie n ts
b ay s  A f t e r  IT o .P lts . Av. Body N t. V ag ina  U t. A v .lft. S t . o f Ov.
I n J .  S to p Adm. No. Type B eg in End 0 NO S tlm . Ovary NoC. C.L.

15 3 3 APx 5 7 .3 62.0  1 2 / 14 .7 3 0

15 12 6 APx 54 .3 58 .8 5 1 / 2 8 .0 5 1

15 1 1 Nor 35 .0 50 .0 1 0 / 12.0 1 0

18 2 2 APx 4 6 .5 5 4 .5 2 0 / / 15.0 1 1

18 k 2 APx 4 4 .5 45 .0 2 0 / 54.5 0 2

19 3 3 APx 4 7 .0 50 ,0 3 0 / 48 .3 0 3

19 2 1 Nor 3 4 .0 52 .0 1 0 / 102.0 0 1

20 10 10 APx 4 7 .7 51.0 5 5 / 11 .4 9 1

20 2 1 APx 4 7 .0 47 .0 1 0 / S8.0 0 1

21 2 1 APx 4 6 .0 52 .0 1 0 / 77.0 0 1

2k 2 1 APx 5 3 .0 65.0 1 0 / 27.0 1 0

25 10 10 APx 4 5 .6 4 6 .6 10 0 / 47 .6 1 9

26 2 2 APx 4 8 .0 56 .0 2 0 / 5 9 .0 0 2

33 1 1 APx 4 8 .0 5 6 .0 1 0 / 54.0 0 1

- - 21 APx ---- — 4 8 .0 0 21  0 6 .6 - -

- - 21 Nor “ —--- 54 .0 0 21  0 11.6 - -

Av. Body V t . : A verage body w e l ^ t  In  gm. V agina; 0 -o p en j F O -not open,
U t. S t l m . : R e la t iv e  s t im u la t io n  o f  u te r u s ,  A v.W t.O vary: A verage w eigh t o f
o v a r ie s  In  mg. S t .  o f  Ov; S t a t e  o f  O v a r ie s . NoC-No c o rp o ra  lu te a ;  C .L .— 
c o rp o ra  lu t e a .
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S ix te e n  donor an im a ls  w ere a n to p s ie d  on th e  15t h  day a f t e r  t e r m i ­

n a t in g  180 days o f  e s t r o g e n  a d m in is tra t io n »  T h ree  donor p i t u i t a r i e s  were 

t e s t e d  in  th r e e  hypophysectom ized  r e c ip i e n t s .  One a n im a l had  an open 

v a g in a . The mean n t e r i n e  s t im u la t io n  was 1 / .  The mean o v a r ia n  w e ig h t 

was 1 4 .7  m g ., an in c r e a s e  o f  a p p ro x im a te ly  100 p e r  c e n t and a l l  th r e e  

r e c i p i e n t s  p o sse sse d  o v a r ie s  w hich c o n ta in ed  c o rp o ra  l u t e a .

Tw elve donor p i t u i t a r i e s  from  an im als a u to p s ie d  on th e  15t h  day 

were t e s t e d  in  s i x  hypophysectom ized  r e c ip i e n t s .  F iv e  o f  th e  r e c ip i e n t s  

had open v a g in a s .  The mean u t e r in e  s t im u la t io n  was 1 /  and th e  mean 

o v a ria n  w e ig h t was 2 8 .0  m g ., a  300 p e r  c e n t in c r e a s e .  O v a rie s  o f f i v e  of 

th e  s ix  a n im a ls  re sp o n d ed  w ith  no  c o rp o ra  lu te a .

One donor g la n d  fro m  an  an im a l a u to p s ie d  on th e  l $ t h  day was t e s t e d  

in  a  n o rm al r e c i p i e n t .  The re sp o n se  was an open v a g in a , 1 /  u t e r u s ,  an 

o v a ria n  w e ig h t o f  12 .0  mg. and o v a r ie s  c o n ta in in g  no  c o rp o ra  l u t e a .

On th e  18t h  day a f t e r  te r m in a t io n  o f th e  e s tr o g e n  i n j e c t i o n s ,  s ix  

donor a n im a ls  were a u to p s ie d ,  and th e  p i t u i t a r i e s  w ere a ssa y e d  in  hypo­

p hysec to m ized  r e c i p i e n t s .  The mean o v a r ia n  w e ig h t o f  th e  t e s t  an im a ls  

was 15.0  mg. The o v a r ie s  o f one an im al c o n ta in e d  no  c o rp o ra  l u t e a .  B oth 

an im als  had  open v a g in a s  and 2 /  u t e r i .  The re m a in in g  f o u r  donor p i t u i ­

t a r i e s  w ere t e s t e d  in  two hypophysectom ized  r e c i p i e n t s .  The o v a r ie s  o f 

"both an im a ls  c o n ta in e d  c o rp o ra  l u t e a ,  and th ey  b o th  had  open v a g in a s  and 

1 /  u t e r i .  The mean o v a r ia n  w e i ^ t  was 5^ .5  mg. , an  8OO p e r  c e n t in c re a s e .

On th e  19th  day a f t e r  te rm in a t io n  o f e s tr o g e n  a d m in is t r a t io n ,  f i v e  

d onor a n im a ls  were a u to p s ie d .  P i t u i t a r i e s  from  th r e e  o f them  w ere t e s t e d  

in  th r e e  hypophysectom ized  r e c i p i e n t s .  The o v a r ie s  a l l  c o n ta in e d  c o rp o ra  

l u t e a  and  th e  u t e r i  were a l l  s t im u la te d .  The mean o v a r ia n  w eig h t
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was 148.3 m g ., an 8OO p e r  c e n t in c r e a s e .  Two p i t u i t a r i e s  were t e s t e d  in  

one n o rm al r e c i p i e n t .  The re sp o n se  was an  open v a g in a , 1 /  u t e r u s ,  102.0  

mg. o v a r ie s  and th e  o v a r ie s  c o n ta in e d  c o rp o ra  lu t e a .

Tw elve d o nor an im a ls  w ere a u to p s ie d  on th e  2 0 th  day a f t e r  t e r m i ­

n a t io n  o f  th e  e s tr o g e n  i n j e c t i o n s .  Ten p i t u i t a r i e s  were t e s t e d  in  t e n  

hypoptiy se  e tern ized  r e c i p i e n t s .  The mean o v a r ia n  w e ig h t was 1 1 .4  m g ., 

l e s s  th a n  a 100 p e r  c e n t in c r e a s e .  F iv e  o f th e  r e c i p i e n t s  re sp o n d ed  w ith  

open v a g in a s  and 1 /  u t e r i .  None o f th e  t e n  r e c i p i e n t s  p o s se s se d  o v a r ie s  

w ith  c o rp o ra  l u t e a .  Two d o n o r p i t u i t a r i e s  were t e s t e d  in  one hypophysec­

to m ized  t e s t  a n im a l. The re sp o n se  was an  open v a g in a , 1 /  u te r u s  and

93 .0  mg. o v a r ie s  w hich c o n ta in e d  c o rp o ra  l u t e a .

By r e f e r r i n g  t o  T ab le  IX , one s e e s  a  s i g n i f i c a n t  d i f f e r e n c e  b e ­

tw een th e  r e c i p i e n t s  k i l l e d  b e f o r e  th e  2 0 th  day and th o s e  k i l l e d  a f t e r  

th e  2 0 th  d ay . The o v a r ie s  from  19 o f  2 9 , o r  66 p e r  c e n t ,  o f th e  r e c i p ­

i e n t s  k i l l e d  b e fo re  th e  2 0 th  day c o n ta in e d  no c o rp o ra  l u t e a  a s  compared 

t o  two o f  15 ,  o r  13 p e r  c e n t ,  o f  th o s e  k i l l e d  a f t e r  th e  2 0 th  day . The 

P v a lu e  was < . 001 .

C y to lo g ic a l  s tu d ie s  w ere made o f  th e  p i t u i t a r y  g la n d s  o f an im a ls  

t r e a t e d  w ith  25 .0  ;ig . o f e s t r a d i o l  b e n z o a te  p e r  day f o r  I 80 days and 

a u to p s ie d  25 and 26 days a f t e r  te rm in a t io n  o f th e  i n j e c t i o n s .  The 

p i t u i t a r i e s  from  th o s e  an im a ls  k i l l e d  on th e  25th  day  a p p ea red  t o  have a 

m odera te  in c r e a s e  in  b a s o p h ile s .  B oth  l i g h t  and d a rk  g ra n u la te d  c e l l s  

were p r e s e n t ,  e s p e c i a l l y  in  th e  a n g le s  a d ja c e n t  t o  th e  p a r s  in te rm e d ia .

A p o s s ib le  in c r e a s e  in  th e  num ber o f  chromophobes was a l s o  p r e s e n t .

I n  th o s e  k i l l e d  th e  2 6 th  day a f t e r  s to p p in g  th e  i n j e c t i o n s ,  a  v a r ia b le  

re sp o n se  was a p p a re n t .  The th r e e  p i t u i t a r i e s  of t h i s  g roup were
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T a t le  IX

O varian  R esponse of th e  A ssay  A nim als t o  th e  P i t u i t a r y  G lands of C a s t r a te  

Fem ale E a ts  T re a te d  w ith  25 .0  pQ.  E s t r a d i o l  B enzoate  f o r  I 80 Days

Days A f te r  C e s s a t io n  o f E s tro g e n  A d m in is tr a t io n

S t .  Ov. 15 -  20 21 - 33 T o ta l

C .L. 10 13 23

No C.L. 19 2 21

T o ta l 29 15 44

^ No C .L . 66 13 48

X2 z 1 1 .4 P = < .0 0 1

C. L . ; C o rp o ra  l u t e a .
ÏÏO C .L .: No c o rp o ra  lu te a ^  o r  f o l l i c l e s  o n ly .
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c h a r a c te r iz e d  a s  fo llo w s : ( l )  A few  "b aso p h iles , w ith  s l i g h t  g r a n u la t io n .

(2) In c re a s e d  num"ber o f "b aso p h ile s , l i g h t  g r a n u la t io n  and m oderate s iz e d  

c e l l s .  (3) Many "basoph iles w ith  "both d a rk  and l i g h t  g ra n u la te d  c e l l s .  

C a s t r a t io n  c e l l s  t/e re  a l s o  p r e s e n t .

A s t a t i s t i c a l  a n a ly s i s ,  u s in g  th e  " t"  t e s t ,  in d ic a te d  t h a t  no 

s i g n i f i c a n t  d i f f e r e n c e  e x is t e d  betw een th e  re sp o n se s  e l i c i t e d  from  a n i ­

m als r e c e iv in g  p i t u i t a r y  g la n d s  from  donors "being t r e a t e d  w ith  2p.O p g .  

d a i ly  d o ses  o f  e s t r a d i o l  "benzoate f o r  30 and f o r  l 80 d ay s .

However, a d e f i n i t e  s i g n i f i c a n t  d i f f e r e n c e  d id  e x i s t  "between th e  

re sp o n se s  induced  in  th e  r e c i p i e n t s  from  p i t u i t a r i e s  o f donors  r e c e iv in g

1 .0  p g .  and th o s e  r e c e iv in g  2 5 .0  p g .  o f e s t r a d i o l  "benzoate p e r  day . The 

p e r io d  o f tim e r e q u ire d  b e fo re  th e  p i t u i t a r i e s  from  e s t r a d i o l  b en zo a te  

t r e a t e d  an im a ls  would a g a in  p roduce  o v a ria n  c o rp o ra  l u t e a ,  was two t o  

th r e e  tim e s  lo n g e r  in  th o s e  r e c e iv in g  25 .0  pg .

O v a rie s  from  th e  a s sa y  an im als  were s e c t io n e d  and s ta in e d  w ith  

h em ato x y lin  and e o s in .  P h o tom icrog raphs ( l 6x) w ere made o f th e  o v a ria n  

s e c t io n s  w hich were r e p r e s e n ta t iv e  o f th e  re sp o n se s  t o  p i t u i t a r y  su sp en ­

s io n s  f o r  each  o f th e  f o u r  in j e c t i o n  g roups (F ig . 2 ) .
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F ig u re  2„ O v arian  s e c t io n s  from  a s s a y  an im a ls  w hich have been  i n ­
je c te d  w ith  p i t u i t a r y  t i s s u e  s u sp e n s io n s  from  f o u r  g roups o f r a t s  t r e a t e d  
w ith  e s t r a d i o l  b e n z o a te  in  1 .0  and 25 .0  p g .  d a i l y  do ses  f o r  30 and I 80 
d a y s . (See n e x t  p a g e .)

1 . O v a rian  s e c t io n  fro m  an  im m ature t e s t  r a t  w hich re c e iv e d  p i t u i t a r y  
t i s s u e  from  an a n im a l in j e c t e d  w ith  1 .0  p g .  e s t r a d i o l  b e n z o a te  d a i l y  f o r  
30 d a y s . A utopsy  was p e rfo rm ed  s h o r t ly  a f t e r  te r m in a t in g  th e  i n j e c t i o n s  
and b e fo re  LH had  re a p p e a re d  in  th e  p i t u i t a r y  g la n d . The o v a ry  shows 
o n ly  f o l l i c l e s  w ith  no  l u t e i n  t i s s u e  p r e s e n t .

2 . O v a ria n  s e c t io n  fro m  an im m ature t e s t  an im a l which r e c e iv e d  p i t u i t a r y  
t i s s u e  from  an a n im a l i n j e c t e d  w ith  1 .0  }ig. e s t r a d i o l  b e n z o a te  d a i l y  f o r  
30 d a y s , b u t  a u to p s ie d  a t  a  tim e  a f t e r  LH had re a p p e a re d  in  th e  p i t u i t a r y  
g la n d . The o v ary  i s  much d e n s e r ,  w ith  more i n t e r s t i t i a l  t i s s u e ,  w ith  
c o rp o ra  l u t e a  and a  few  f o l l i c l e s .

3 . O v a rian  s e c t io n  fro m  a ss a y  an im a l w hich was g iv en  p i t u i t a r y  t i s s u e  
from  a d o nor an im a l I n je c te d  w ith  1 .0  pgc  e s t r a d i o l  b e n zo a te  d a i l y  f o r  
180 d a y s . A utopsy  \fas p e rfo rm ed  s h o r t ly  a f t e r  s to p p in g  th e  i n j e c t i o n s  
and b e fo re  LE had  re a p p e a re d . Only f o l l i c l e s  a r e  n o te d .

4 . O v a ria n  s e c t io n  fro m  a  t e s t  an im a l w hich was g iv en  p i t u i t a r y  t i s s u e  
from  an  a d u l t  fem ale  c a s t r a t e  r a t  i n j e c te d  w ith  1 .0  e s t r a d i o l  b e n zo a te  
d a i ly  f o r  I 80 d a y s . A utopsy  was a f t e r  LH had re a p p e a re d , A num ber o f 
c o rp o ra  l u t e a  a r e  p r e s e n t  in  a d d i t io n  t o  f o l l i c l e s .

5 . O v a ria n  s e c t io n  fro m  an  a sa a y  an im a l t r e a t e d  w ith  p i t u i t a r y  t i s s u e  
from  a  d o nor r a t  w hich was i n j e c te d  w ith  2 5 .0  e s t r a d i o l  b e n z o a te  
d a i ly  f o r  30 d a y s . A u topsy  was p r i o r  t o  th e  tim e  of LH r e t u r n .  No 
l u t e i n  t i s s u e  i s  p r e s e n t ,  how ever, num erous f o l l i c l e s  a r e .

6 . O v a rian  s e c t io n  fro m  an  a s s a y  an im a l g iv e n  p i t u i t a r y  t i s s u e  from  a 
donor a n im a l w hich had b een  t r e a t e d  w ith  25 .0  pig^ e s t r a d i o l  b e n z o a te  
d a i ly  f o r  30 days and a u to p s ie d  a f t e r  LH had re a p p e a re d . An e n la rg e d  
o v a ry , th ick en ed , i n t e r s t i t i a l  t i s s u e ,  l u t e i n  t i s s u e  (c o rp o ra  l u t e a )  and 
num erous f o l l i c l e s  a re  n o te d .

7 . O v a rian  s e c t io n  fro m  t e s t  an im a l t r e a t e d  w ith  p i t u i t a r y  t i s s u e  from  
a  d o n o r i n j e c t e d  d a i ly  f o r  I 80 days w ith  2 5 .0  p g . e s t r a d i o l  b e n z o a te . 
A u topsy  was p e rfo rm ed  p r i o r  t o  r e tu r n  o f  LH. No l u t e i n  t i s s u e  i s  p r e s e n t .

8 . O v a rian  s e c t io n  fro m  an a s s a y  an im a l w hich was i n j e c te d  w ith  p i t u i t a r y  
t i s s u e  from  an  an im a l w hich was t r e a t e d  w ith  2 5 .0  pg . e s t r a d i o l  b e n zo a te  
d a i ly  f o r  I 80 d a y s . A utopsy  was p e rfo rm ed  a f t e r  th e  r e tu r n  o f  LH t o  th e  
p i t u i t a r y  g lan d  as  ev id en c e d  by  th e  p re se n c e  o f co rp o ra  l u t e a ,  th ic k e n e d  
i n t e r s t i t i a l  t i s s u e  and r e l a t i v e l y  few  c y s t i c  f o l l i c l e s .



i



CHAPTER Y

DISCUSSION

F o r  tv o  d ecades i t  has heen e v id e n t  t h a t  hormones a re  produced hy 

th e  p i t u i t a r y  g lan d  a s  w e l l  as hy th e  gonads, and t h a t  th e  hormones from  

each  in f lu e n c e d  th e  f u n c t io n  o f  th e  o th e r  g la n d  r e c ip r o c a l ly .  The s p e c i f ­

ic  p h a se s  o f  th e  sy n ch ro n ized  i n t e r r e l a t i o n s h i p s  and i n t e r a c t i v i t y  o f th e  

a n t e r i o r  p i t u i t a r y  g la n d  and th e  gonads have n o t  heen  c l a r i f i e d .  In  such 

a r e l a t i o n s h i p  i t  i s  im p o rta n t to  re c o g n iz e  t h a t  th e  g o n a d o tro p ic  i n f l u ­

ence o f  th e  p i t u i t a r y  does n o t stem from  a  s in g le  hormone h u t c o n s is t s  

o f  s e v e r a l  f a c t o r s ,  each  cap ab le  of s e p a ra te  and in d ep en d en t a c t io n .  

L ikew ise  in  c o n s id e r in g  a  s e c re to ry  p ro d u c t o f an  e n d o c r in e  g lan d  th e  

te rm  " s e c r e t io n "  im p lie s  two p h a se s , nam ely: l )  T h a t w hich i s  concerned

w ith  th e  p ro d u c tio n , s y n th e s is  o r  e la b o r a t io n  o f a  s u b s ta n c e , as  d i s t i n ­

g u ish e d  from  2) I t s  r e l e a s e ,  l i b e r a t i o n  o r  e x p u ls io n  from  th e  g la n d .

S ev e rin g h au s  (1 9 3 9 ), from  th e  h i s t o l o g i c a l  p i c tu r e  o f th e  p i t u i t a r y  

g la n d , b e l ie v e d  t h a t  th e  s e c r e t io n  o ccu rred  in  th r e e  p h ase s ; s y n th e s is  

( e l a b o r a t io n ) , s to ra g e  and r e le a s e  ( e l im in a t io n )  o f s e c r e to r y  p ro d u c ts . 

Dawson (19^6) c o n cu rred  w ith  S e v e rin g h a u s . W olfe (19^9) r e p o r te d  c y to lo g ­

i c a l  ev id en ce  o f  s t im u la t io n  o f  b o th  e la b o r a t io n  and r e le a s e  o f p i t u i t a r y  

s e c r e t io n s  a f t e r  e s tr o g e n  a d m in is tr a t io n .

The changes in  th e  p i t u i t a r y  g lan d  cy to lo g y  fo llo w in g  c a s t r a t io n  

have b een  known s in c e  F i s c h e r a 's  o b s e rv a tio n  ( I 905) who a ls o  d e sc r ib e d
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th e  c a s t r a t i o n  c e l l .  The in c re a s e d  p o ten cy  o f th e  p i t u i t a r y  g lan d  

fo llo w in g  c a s t r a t i o n  in  s t im u la t in g  th e  gonads has  heen  d e m o n stra ted  

r e p e a te d ly  hy many i n v e s t i g a t o r s .  E ngle  ( I 929) n o ted  t h a t  th e  o v a r ia n  

re sp o n se  to  p i t u i t a r y  im p la n ts  was much in c re a s e d  when th e  p i t u i t a r y  

g la n d s  were o b ta in e d  from  c a s t r a t e  a n im a ls . Evans and Sim pson (1929) 

r e p o r te d  t h a t  th e  acc u m u la tio n  o f  g o n a d o tro p ic  a c t i v i t y  o c c u rre d  most 

r a p id ly  w ith in  th e  f i r s t  two weeks a f t e r  c a s t r a t i o n .  H ellhaum  and G reep 

( 19^0 ) o b serv ed  t h a t  a d e m o n strab le  in c re a s e  in  th e  c o n c e n tr a t io n  w ith in  

th e  p i t u i t a r y  g la n d  of LH and ESH, a s  s e p a ra te  e n t i t i e s ,  l ik e w is e  o c c u rre d  

w ith in  two weeks p o s t - c a s t r a t io n . The w ork o f P u rv es  and G rie sb a c h  (1955) 

i s  in  agreem ent w ith  o b s e rv a tio n  o f  H ellhaum  and G reep and i s  f u r th e r  

s u b s ta n t ia te d  by th e  m o rp h o lo g ic a l f in d in g s .

W ith th e  know ledge t h a t  LH and FSE a re  found in  th e  p i t u i t a r y  g lan d  

in  in c re a s e d  q u a n t i t i e s  fo l lo w in g  c a s t r a t i o n ,  th e  q u e s tio n  a r i s e s  c o n ce rn ­

in g  th e  mechanism o f  a c t io n  o f th e  g o n ad al hormones a s  th e y  in f lu e n c e  th e  

d i f f e r e n t  p i t u i t a r y  g o n a d o tro p ic  f a c t o r s .  T here  i s  q u i te  g e n e r a l  a g re e ­

ment t h a t  th e  e f f e c t  o f  e s tr o g e n  upon FSH i s  one o f  i n h i b i t i o n  o r  s u p p re s ­

s io n .  The co n cep t o f  e s tr o g e n  in h i b i t i o n  was in tro d u c e d  by Moore and P r ic e  

( 1930) ,  S in c e  t h a t  tim e num erous w orkers  have co n cu rred  w ith  th e  i n h i b i ­

t i o n  co n cep t (L eo n ard , M eyer, H i saw , 1931; M eyer, L eonard , Hi saw and 

M a r tin , 1932; L ip sc h u tz , 1935; B yrnes and M eyer, 1951a, b ) , P o s t - c a s t r a ­

t i o n  h y p e rs e c re t io n  of FSH was p re v e n te d  in  p a r a b io t ic  im m ature fem ale  

r a t s  w ith  sm a ll d o se s  o f e s tro g e n  (B y rn es , M eyer and F i n e r t y ,  195^;

B y rn e s , 1951; F in e r t y  and M eyer, 1950; M i l l e r  and P f e i f f e r ,  1950) and 

w ith  o v a r ia n  i n t r a s p l e n i c  g r a f t s  (B arahona, e t  a l . , 1950; L ip s c h u tz , e t  

a l . , 19^ 8 ; Ju n g ck , e t  a l . , 19^7)»
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The s p e c i f i c  n a tio re  o f  th e  in f lu e n c e  o f  e s tro g e n  on FSH s e c r e t io n  

a s  d e m o n stra ted  in  th e s e  in v e s t i g a t i o n s  can  n o t  he s ta t e d  w ith  any c e r ­

t a i n t y .  I t  i s  b e l ie v e d ,  how ever, t h a t  a  d e f i n i t e  su p p re ss io n  o f  FSH 

s e c r e t i o n  does o c c u r  s in c e  d i r e c t  a s s a y s  d em o n stra ted  a  d e f i n i t e  d im u n i­

t i o n  in  th e  amount o f  FSH p r e s e n t  in  th e  p i t u i t a r y  g la n d s . The c y lo lo g ­

i c a l  s tu d ie s  a ls o  gave e v id e n c e  o f  a  d e c re a se d  amount o f  FSH, s in c e  th e  

d a rk  g ra n u la te d  b a s o p h i l e s ,  c o n s id e re d  t o  be th e  s i t e  o f  FSH s e c r e t io n  

(F u rv es  and G -riesbach , 195^, 1 9 5 5 ), w ere d e c re a se d  in  number and w ere 

d e g ra n u la te d .

The e f f e c t  o f e s tr o g e n  on th e  l u t e i n i z i n g  hormone i s  somewhat 

d i f f e r e n t  from  th e  e f f e c t  upon FSH. I t  a p p e a rs  to  s t im u la te  a r e l e a s e  

o f  LH from  th e  p i t u i t a r y  g la n d  (F ev o ld , e t  a l . , 1936; F ev o ld  and F is k e ,  

1939; H ellhaum  and G reep , 19^3; H ellhaum  and G reep , 19^6; Hi saw, 19^7; 

G reep and J o n e s , 19501; F u n n e l l ,  K eaty  and H ellhaum , 1 9 5 1 )»

The g e n e r a l  co n sen su s o f  o p in io n  among in v e s t ig a to r s  i s  q u i t e  

c o n s i s t e n t  re g a rd in g  th e  r e l e a s e  e f f e c t  o f  e s tr o g e n  upon th e  LH. However, 

th e r e  i s  no g e n e r a l  ag reem en t a s  t o  how e s tr o g e n  a f f e c t s  th e  s y n th e s is  o f 

IH . G reep  and Jo n es  (1950a) b e l ie v e  t h a t  th e  fu n d am en ta l e f f e c t  o f  e s t r o ­

gen i s  one o f  re d u c in g  th e  s y n th e s i s  o f  LH. T h ree  re a so n s  a re  g iv e n  f o r  

t h i s  co n ce p t; 1) Im m ature m ale r a t s  i n j e c t e d  w ith  e s tro g e n  show no 

grow th  o f  a c c e s s o ry  ser.u /,I ? . t r u c tu r e s .  2) E s tro g e n  g iv en  to  m atu re  m ale 

r a t s  i s  n o ta b ly  e f f e c t i f  in  p ro d u c in g  m arked a tro p h y  o f th e  t e s t e s  and 

a c c e s s o ry  s e x u a l s t r u c t u r e s .  3) E s tro g e n  i s  co m p le te ly  e f f e c t iv e  in  

a b o l i s h in g  th e  LH p o ten cy  o f th e  c a s t r a t e  r a t ' s  p i t u i t a r y  and c o n t r a r i ­

w ise  r e s u l t s  In e n r ic h e d  p i t u i t a r y  LH p o te n c y .

"When th e  work o f V ic to r  and A nderson  (1937) i s  exam ined, th e
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co n cep t o f  C reep and Jo n es  (1950a) i s  l e s s  te n a b le . They found hy u s in g  

th e  "Warhurg a p p a ra tu s  t h a t  a n t e r i o r  p i t u i t a r y  t i s s u e  w hich had heen su b ­

je c t e d  to  e s tro g e n  t r e a tm e n t  showed a  d i s t i n c t  r i s e  in  i r e ta h o l ic  a c t i v i t y .  

I t  a p p e a rs  somewhat c o n t r a d ic to r y  f o r  a  t i s s u e  t o  he i n h ib i t e d  w h ile  a t  

th e  same tim e p o s s e s s in g  an in c re a s e d  m e ta b o lic  a c t i v i t y .

The p re s e n t  s tu d y  i s  an a tte m p t to  de te rm in e  th e  e f f e c t  o f  e s tro g e n  

upon th e  in te r g la n d u la r  s y n th e s is  o f  LH. The s tu d y  was d es ig n ed  to  d e t e r ­

mine th e  r e l a t i v e  p e r io d s  o f  tim e  re q u ir e d  f o r  LH to  r e tu r n  in  s ig n i f i c a n t  

am ounts a f t e r  i t  had been  removed from  th e  p i t u i t a r y  g la n d s  o f a d u lt  

fem a le  c a s t r a t e  r a t a  t r e a t e d  w ith  e s t r a d i o l  b en zo a te  in  d o ses  o f 1 .0  and

2 5 .0  p g . d a i ly  f o r  30 and I 80 d a y s . A nim als were a u to p s ie d  on d i f f e r e n t  

days a f t e r  te rm in a t in g  th e  e s tr o g e n  t r e a tm e n ts  and th e  p i t u i t a r y  g lan d s  

t e s t e d  f o r  th e  p re se n c e  o f LH.

The re sp o n se  o f  th e  r e c i p i e n t  a s s a y  an im als  t o  th e  p i t u i t a r y  

g la n d s  from  th e  donor c a s t r a t e  fem a le  r a t s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  

w h e th e r a  g iv en  dose o f e s t r a d i o l  b e n z o a te  was a d m in is te re d  f o r  30 o r  f o r

180 d ay s.

The amount o f LH in  th e  p i t u i t a r y  g la n d s  o f th e  d o nor an im als 

t r e a t e d  w ith  a 1 .0  p g . d a i ly  dose  o f e s t r a d i o l  b en zo a te  was much reduced  

a t  th e  tim e  th e  in j e c t i o n s  w ere te rm in a te d  a s  i f e l l  a s  two t o  f o u r  days 

a f te rw a r d .  C orpora  l u t e a  were fo und  in  b u t a  sm a ll number o f  th e  r e c ip ­

i e n t ’ s o v a r ie s  d u r in g  t h i s  t im e . I t  was a l s o  a p p a re n t t h a t  th e s e  donor 

p i t u i t a r i e s  were n o t co m p le te ly  d ev o id  o f LH, s in c e  w ith  th e  i n je c t io n  o f 

l a r g e r  amounts o f  p i t u i t a r y  t i s s u e  o r  th e  use  o f a  no rm al a s s a y  an im al 

w ith  i t s  own p i t u i t a r y  c o n t r ib u t in g  LH, c o rp o ra  l u t e a  were p re s e n t  in  a  

g r e a t e r  number o f  th e  r e c i p i e n t 's  o v a r ie s .
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The c y to lo g i f 'a l  ap p ea ran ce  o f th e  p i t u i t a r y  g la n d s  t r e a t e d  v i th  

a  1 .0  p g . d a i ly  dose o f e s t r a d i o l  b en zo a te  and a u to p s ie d  tv o  t o  f o u r  days 

a f t e r  s to p p in g  th e  i n j e c t i o n s  a l s o  gave th e  im p ress io n  t h a t  b o th  FSH and 

LH v e re  p r e s e n t  in  sm a ll q u a n t i t i e s ,  v i t h  LH b e in g  p r e s e n t  in  th e  l e a s t  

am ount. I t  v a s  a l s o  a p p a re n t  t h a t  FSH v as  in c r e a s in g  in  amount even  a t  

tv o  t o  f o u r  days a f t e r  s to p p in g  th e  i n j e c t i o n s .  T h is  v a s  ev id en ced  by 

th e  f a c t  t h a t  th e  FSH p ro d u c in g  b a s o p h ile s  v e re  c o n c e n tra te d  in  num bers 

g r e a t e r  th a n  norm al in  th e  a r e a  a d ja c e n t  t o  th e  p a r s  in te rm e d ia  (F ig . 1 ) . 

I t  i s  a  knovn f a c t  t h a t  changes in  th e  amounts o f e s tr o g e n  in  th e  body 

a re  r e f l e c t e d  in  th e  p i t u i t a r y  c y to lo g y  v i t h i n  a  v e ry  f e v  days o r  h o u rs  

(L ocM iart and F i n e r t y ,  1955; P u rv es  and G rie sb a c h , 1955)•

The p i t u i t a r y  g la n d  a s sa y s  in d ic a te  a  g ra d u a l  b u t p ro g r e s s iv e  

in c re a s e  in  th e  amount o f LH a s  th e  p e r io d  o f tim e  le n g th e n s  a f t e r  th e  

e s t ro g e n  in j e c t i o n s  v e re  s to p p ed . A p r e c ip i to u s  and s i g n i f i c a n t  in c re a s e  

o c cu rred  b e tv e e n  th e  s ix th  and t v e l f t h  days a f t e r  th e  1 .0  p g . dose  o f 

e s t r a d i o l  b e n zo a te  v a s  te rm in a te d . T h is  b re a k  v a s  n o t  a s  c l e a r  c u t  in  

th o s e  an im a ls  t r e a t e d  f o r  180 days a s  i t  v a s  in  th o s e  t r e a t e d  f o r  30 d ay s , 

b u t i t  v a s  th o u g h t t h a t  t h i s  may have been  due t o  th e  f a c t  t h a t  m ost o f  

th e  r e c i p i e n t s  re c e iv e d  tv o  p i t u i t a r i e s  v h ich  in c re a s e d  th e  amount o f 

FSH and LH to  t h e  e x te n t  t h a t  th e  o v a r ie s  o f a  g r e a t e r  number o f  th e  

t e s t  an im a ls  c o n ta in e d  c o rp o ra  l u t e a .

B oth  th e  c y to lo g ic a l  ap pearance  and th e  r e c i p i e n t  re sp o n se s  to  th e  

p i t u i t a r y  g la n d s  from  r a t s  t r e a t e d  v i t h  a  d a i ly  dose  o f 25 .0  p g . in d ic a te d  

t h a t  th e  c o n c e n tra t io n  o f LH a s  v e i l  a s  FSH v as  m arked ly  reduced  in  

com parison  v i t h  th o s e  t r e a t e d  v i t h  1 .0  p g . Up t o  f o u r  p i t u i t a r i e s  v e re  

r e q u ir e d  to  produce a  re sp o n se  in  th e  o v a r ie s  o f th e  r e c i p i e n t s .
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C y to lo g ic a l ly ,  th e  num her o f h a s o p h ile s  was g r e a t l y  reduced  and many 

h y p e ra c t iv e  chrom ophobes were p re s e n t .

A lo n g e r  p e r io d  was re q u ire d  f o r  LH t o  r e t u r n  t o  th e  p i t u i t a r i e s  

from  an im a ls  t r e a t e d  w ith  25.0  p s .  th a n  In  th o s e  t r e a t e d  w ith  1 .0  

I t  was a g a in  a p p a re n t  In  th e  p i t u i t a r i e s  s u b je c te d  t o  th e  h ig h  d o ses  o f 

e s tro g e n  t h a t  LH r e tu r n e d  g ra d u a lly  and p ro g r e s s iv e ly ^  b u t  th e  sh a rp  

In c re a s e  In  LH d id  n o t  o ccu r u n t i l  be tw een  th e  l 8 t h  and 2 1 s t  d a y s .

A f te r  th e  2 1 s t  day  th e  a s s a y s  a s  w e ll  a s  th e  c y to lo g ic a l  ap pearance  

In d ic a te d  t h a t  LH and FSH had re tu rn e d .

The c y to lo g ic a l  s tu d y  o f  the  p i t u i t a r i e s  o f  a l l  an im a ls  which 

re c e iv e d  1 .0  p g . e s t r a d i o l  and were a u to p s ie d  a t  d i f f e r e n t  tim e s  a f t e r  

te r m in a t in g  th e  e s t r o g e n  tre a tm e n t  showed some ev id en ce  o f th e  r e a p p e a r ­

ance o f th e  b a s o p h i l e s ,  a lth o u g h  t h i s  was l e a s t  a p p a re n t In  th e  g lan d s  

o f th o se  a u to p s ie d  two and f o u r  days a f t e r  I n j e c t i o n s  w ere s to p p e d . In  

th e s e  th e  g r e a t e s t  c o n c e n tr a t io n  of b a s o p h ile s  was lo c a te d  a t  th e  a n g le s  

o f  th e  ju n c t io n  be tw een  th e  edge of th e  g la n d  and th e  p a r s  In te rm e d ia .

I n  th o s e  a n im a ls  r e c e iv in g  th e  low  dose o f  e s t r a d i o l  and a u to p s ie d  

a t  1 2 , 18 and 2h  days fo l lo w in g  c e s s a t io n  o f  I n j e c t i o n s ,  c y to lo g y  r e v e a l ­

ed t y p i c a l  lo n g - te rm  c a s t r a t i o n  e f f e c t s  In  a l l  c a s e s .  The 1 .0  p g . dose 

was I n s u f f i c i e n t  t o  p ro d u ce  com plete I n h ib i t i o n ,

On th e  o th e r  h an d , th o se  r a t s  which re c e iv e d  th e  2 5 .0  p g . dose 

and were a u to p s ie d  two and s ix  days a f t e r  s to p p in g  th e  I n j e c t io n s ,  showed 

ev id en ce  o f  d e g r a n u la t io n  and su p p re ss io n  o f b a s o p h i le s ,  t y p i c a l  o f  h l ^  

e s tro g e n  t r e a tm e n t . Many h y p e ra c tiv e  chrom ophobes w ere p r e s e n t  and 

c o n ta in e d  e n la r g e d ,  p ro m in en t n e g a tiv e  G o lg l Im ages. T hese g la n d s  were 

s u sp e c te d  t o  have l i t t l e  o r  no g o n ad o tro p in  c o n te n t  and a s sa y s  confirm ed
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th e  s-uspiciorio I n  th o se  an im a ls  v h ich  v e re  a u to p s ie d  10 , 25 and 26 

days a f t e r  c e s s a t io n  o f th e  i n j e c t i o n s ,  th e  p i t u i t a r y  g la n d s  v e re  

r e tu r n in g  tow ard  a  c a s t r a t e  c o n d i t io n ,  h u t n o t  t o  th e  same e x te n t  a s  

th o s e  v h ic h  re c e iv e d  th e  lo v e r  d o se . The p i t u i t a r i e s  o f a l l  th e  h ig h ­

e s t  ro g en  t r e a t e d  r a t s  shoved a r e a s  o f chromophobe h y p e rp la s ia  v h ic h  

in d ic a te d  in co m p le te  re c o v e ry  from  th e  shock  of th e  h ig h  dose of e s t r a d i o l  

b e n z o a te .

The e a r ly  re a p p e a ra n c e  o f th e  d a rk  g r a n u la r  c e l l s ,  te n d s  t o  i n d i ­

c a te  t h a t  FSH had re tu rn e d  t o  th e  b a so p h ile s  p r i o r  to  th e  r e tu r n  o f  LH. 

T h is  i s  v e r i f i e d  by th e  a s s a y  s tu d ie s ,  s in c e  th e  f i r s t  s t im u la t io n  o c c u r r ­

in g  i n  th e  a s s a y  an im al a f t e r  s to p p in g  th e  i n j e c t i o n s  v as  p r im a r i ly  

f o l l i c l e s  f o l lo v e d  l a t e r  by co rp o ra  lu t e a .

The p h y s io lo g ic a l  l e v e l  o f e s tro g e n  a p p e a rs  to  be th e  e q u iv a le n t

o f a p p ro x im a te ly  O.O5O t o  0 .0 7 5  p-g. o f e s t r a d i o l  b en zo a te  (H ellhaum , 

M cA rthur and P r i t s c h o v ,  195^; B yrnes and M eyer, 1951%). E s tro g e n  a t  

t h i s  l e v e l  may have l i t t l e  o r  no e f f e c t  upon LH s y n th e s i s .  H ovever, 

e s t r a d i o l  b e n zo a te  a d m in is te re d  t o  c a s t r a t e  fem a le  r a t s  in  do ses  t e n  t o  

250 t im e s  t h a t  o f  th e  p h y s io lo g ic a l  l e v e l  ( l .O  t o  25 .0  ^ g . ) does have 

a d em o n strab le  e f f e c t  upon th e  s y n th e s is  o f  LH. T h is  i s  in d ic a te d  by 

th e  f a c t  t h a t  s e v e r a l  days a re  re q u ire d  f o r  LH t o  r e tu r n  t o  th e  p i t u i t a r y  

g la n d  a f t e r  te r m in a t in g  th e  e s tro g e n  i n j e c t i o n s .

The r e s u l t s  o b ta in e d  in  th e  p re s e n t  i n v e s t ig a t i o n  do n o t  p r e s e n t  

a  sharp  d em arca tio n  t o  in d ic a te  vhen LH v as  p r e s e n t .  T here  v as  no  tim e  

vhen th e  im m ature t e s t  o v a r ie s  e x h ib i te d  o n ly  f o l l i c l e s  v i th o u t  c o rp o ra  

l u t e a  in  100 p e r  c en t o f th e  an im als  v h ic h  v o u ld  in d ic a te  an absence  o f

th e  l u t e i n i z i n g  f a c t o r .  N e i th e r  vas th e r e  a  p e r io d  vhen a l l  o f th e
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o v a r ie s  c o n ta in ed  c o rp o ra  l u t e a .  The d i f f e r e n c e s  were r e l a t i v e ,  r e q u i r in g  

s t a t i s t i c a l  a n a ly s i s .  The la c k  o f  a  sh a rp  d iv id in g  l i n e  m ight be a t t r i ­

b u ta b le  to  a  number o f f a c t o r s .

The donor an im a ls  were a l l  ap p ro x im a te ly  th e  same a g e , b u t  a s  in  

any b io lo g ic a l  p o p u la t io n  v a r i a t i o n  in  w e ig h t and s iz e  was c o n s id e ra b le . 

A lso , in d iv id u a l  v a r i a t i o n  from  an im a l t o  an im al in  t h e i r  re s p o n s iv e n e s s  

o r  s e n s i t i v i t y  t o  a g iv e n  dose o f e s tr o g e n  m igh t be a  f a c t o r .  T h is  f a c t  

was p a r t i c u l a r l y  e v id e n t  in  one g roup o f p i t u i t a r i e s  t r e a t e d  w ith  25 .0  

p g , o f e s t r a d i o l  b e n zo a te  f o r  I 80 days and k i l l e d  26 days a f te rw a rd  

(T ab le  I I ) ,

A d a i ly  dose o f 1 .0  pg . o f e s t r a d i o l  b en zo a te  m igh t be s u f f i c i e n t  

t o  l i b e r a t e  th e  LH from  th e  p i t u i t a r i e s  in  most a n im a ls , b u t in  a  c e r t a i n  

few  c o n s id e ra b ly  more may have been  r e q u ir e d .  A d i f f e r e n c e  among th e  

an im a ls  a s  t o  th e  d eg ree  o f a d a p t a b i l i t y  and re c o v e ry  fo l lo w in g  th e  

i n j e c t i o n  p e r io d s  must be c o n s id e re d . A lso , th e  h e a l th  s t a t u s  o f  th e  

in d iv id u a l  an im a ls  co u ld  be e x p ec te d  t o  show c o n s id e ra b le  d i f f e r e n c e s ,  

and t h i s  m ight in  tu r n  in f lu e n c e  t h e i r  re sp o n s iv e n e ss  t o  th e  a d m in is te re d  

e s t r o g e n s .

An im p o rta n t c o n s id e r a t io n  in  t h i s  s tu d y  i s  p o s t - i n j e c t e d  a b so rp ­

t i o n  o f  e s t r a d i o l  b e n z o a te , s in c e  i t  was in je c te d  in  o i l  and p a r t  o f th e  

in j e c t i o n s  were c o n tin u e d  o v e r a  lo n g  p e r io d  o f tim e . The in j e c t i o n s  

were s c a t t e r e d  o v e r th e  dorsum o f th e  an im als  in  an a tte m p t t o  p re v e n t  

p o o lin g  o f th e  o i l y  i n j e c t i o n  m a te r i a l .  S in c e  th e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  betw een th e  tim e  re q u ir e d  f o r  LH t o  re a p p e a r  in  th e  p i t u i t a r y  

g lan d  in  th o se  i n j e c te d  f o r  30 days a s  compared to  I 80 d a y s , a lth o u g h  

th e  an im als  r e c e iv in g  th e  e s tro g e n  f o r  I 80 days re c e iv e d  s ix  tim e s  th e
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t o t a l  dose  of th o s e  r e c e iv in g  i n j e c t i o n s  f o r  30 d a y s , i t  i s  th o u g h t t h a t  

p o s t - i n j e c t i o n  a b s o r p t io n  was n o t  a  f a c t o r  w hich m arked ly  a l t e r e d  th e  

t o t a l  r e s u l t s .  However, i t  co u ld  have e n te r e d  in to  th e  in d iv id u a l  

r e s p o n s e s .

H isaw  ( 19^7 ) s t a t e d  t h a t  a  b a la n c e  be tw een  FSH and LH was n e c e s ­

s a ry  f o r  p r e -o v u la to ry  s w e ll in g ,  o v u la t io n  and co rp u s  lu teum  fo rm a tio n . 

T h is  f a c t  i s  im p o rta n t s in c e  a  b io a s s a y  m ethod w hich u s e s  th e s e  phenom­

en a  was em ployed.

H ypophysectom ized im m ature Holtzm an r a t s  w ere u sed  f o r  m ost of 

th e  p i t u i t a r y  a s s a y s . I t  i s  w e l l  e s ta b l i s h e d  t h a t  n o t  a l l  such  t e s t  

a n im a ls , even though  from  a w e ll  s ta n d a rd iz e d  and g e n e t i c a l l y  homogen­

eous g ro u p , re sp o n d  e q u a lly  t o  a  g iv en  d o se  o f  g o n a d o tro p in s . A lso , i t  

c an n o t be  s t a t e d  w ith  c e r t a i n t y  t h a t  a l l  o f t h e  t e s t  a n im a ls  were com­

p l e t e l y  hypophysectom ized . The s e l l a  t u r c i c a  o f  each  a n im a l was examined 

g r o s s ly  a t  au to p sy  and in  th o s e  w here com plete  rem oval o f  th e  p i t u i t a r y  

g la n d  was q u e s tio n e d , th e  r e s u l t s  were n o t  in c lu d e d . However, s in ce  th e  

s e l l a s  w ere n o t  exam ined m ic ro s c o p ic a l ly ,  i t  i s  p o s s ib le  t h a t  m ic ro sco p ic  

am ounts of p i t u i t a r y  t i s s u e  w ere p r e s e n t  in  some, c o n se q u e n tly  in f lu e n c in g  

th e  r e s u l t s .



CHAPTER VI 

CONCLUSIONS

E s t r a d i o l  "benzoate s t im u lâ te s  th e  r e le a s e  o f l u t e i n i z i n g  hormone.

E s t r a d i o l  "benzoate i n h i b i t s  f o l l i c l e  s t im u la t in g  hormone.

E s t r a d i o l  "benzoate a t  p h y s io lo g ic a l  l e v e l s  (O.O50 t o  0 .075  p g .)  

may have l i t t l e  o r  no  e f f e c t  on th e  s y n th e s is  of LH, w hereas demonstra"ble 

e f f e c t s  w ere a t t a in e d  when e s t r a d i o l  "benzoate was a d m in is te re d  in  doses 

w hich were 10 t o  25O tim e s  ( 1 ,0  t o  25 .0  p g .)  t h a t  o f  th e  n o rm al l e v e l .

No g r e a t e r  e f f e c t  on LH s y n th e s is  was fo und  when e s t r a d i o l  "benzoate 

was g iv e n  f o r  I 80 days th a n  when g iv e n  f o r  30 d ay s.

The tim e  re q u ir e d  f o r  LH to  r e tu r n  t o  th e  p i t u i t a r y  g lan d  a f t e r  

te r m in a t in g  th e  i n j e c t i o n s  i s  18 t o  21 days in  th o s e  an im a ls  r e c e iv in g  

a  d a i l y  dose o f 25 .0  o f e s t r a d i o l  "benzoate a s  compared t o  s ix  t o  n in e

days in  th o s e  r e c e iv in g  a  d a i ly  dose o f  1.0  ^ig.
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