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ABSTRACT

The p ro d u c t io n  r a t e s  o f  th e  m ajo r s t e r o i d  hormones p roduced  by 
in  v i t r o  a d r e n a l  i n c u b a t io n  were d e te rm in e d  i n  c o n t r o l  and r e p r o d u c t i v e l y  
i n h i b i t e d  p r a i r i e  d ee rm ice  (Peromyscus m a n ic u la tu s  b a i r d i ) .  P o p u la t io n  
m ales had s i g n i f i c a n t l y  l i g h t e r  mean sem in a l  v e s i c l e ,  t e s t i s ,  a d r e n a l ,  
and body w e ig h ts  when compared w ith  c o n t r o l  m a les .  P o p u la t io n  
fe m a le s  had s i g n i f i c a n t l y  l i g h t e r  mean u t e r i n e ,  o v a r i a n ,  a d r e n a l ,  
and body w e ig h ts  when compared w ith  c o n t r o l  fe m a le s .

P ap e r  c h ro m a to g rap h ic  s e p a r a t i o n  and r a d io g r a p h ic  scan n in g  o f  
some a d r e n a l  in c u b a te h  y i e l d e d  t h r e e  m a jo r  r a d i o a c t i v e  p eak s ,  
a d d i t i o n  to  th e  peak o f  p r o g e s te r o n e  t h a t  s e rv e d  a s  t h e  carbon  
so u rc e  d u r in g  i n c u b a t i o n .  The Rp v a lu e s  and c o l o r  developm ent a f t e r  
t r e a tm e n t  w ith  ip'P p h o s p h o r ic  a c id  s o l u t i o n  s u g g e s t  t h a t  th e s e  t h r e e  
p eaks  c o n ta in  th e  hormones c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e ,  and 
t e s t o s t e r o n e  r e s p e c t i v e l y .

In  th e  second  p a r t  o f  t h e  ex p e r im en t ,  a d r e n a l  i n c u b a t e s  from  
c o n t r o l  and p o p u la t io n ,  male and fem a le  d eerm ice  x^ere s e p a r a te d  by 
t h i n - l a y e r  ch rom atography , and th e  carbon  energy  o f  th e  e lu te d  
hormones was m easured to  d e te rm in e  t h e i r  p ro d u c t io n  r a t e s .  The mean 
c o r t i c o s t e r o n e  p roduced  from th e  in c u b a te d  a d r e n a l s  o f  c o n t r o l  m ales 
ten d ed  to  be h i g h e r  th a n  t h a t  produced by p o p u la t io n  m ales , b u t  t h i s  
d i f f e r e n c e  d id  n o t  e x i s t  when e x p re s se d  in  te rm s  o f  a d r e n a l  w e ig h t .
There  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  r a t e  o f  p ro d u c t io n  o f  
d e o x y c o r t i c o s te r o n e  o r  t e s t o s t e r o n e  betx^een c o n t r o l  and p o p u la t io n  
male deerm ice .

The a b s o lu t e  amount o f  d e o x y c o r t i c o s te r o n e  p roduced  by th e  
a d r e n a l  g la n d s  o f  p o p u la t io n  fem a les  was s i g n i f i c a n t l y  low er th an  
c o n t r o l  fe m a le s .  T h is  d i f f e r e n c e  was n o t  s i g n i f i c a n t  when e x p re sse d  
i n  te rm s o f  th e  iveight o f  a d r e n a l  t i s s u e .  There  was no d i f f e r e n c e  
seen  in  th e  amount o f  c o r t i c o s t e r o n e  p roduced  between th e  tx-/o fem ale  
g ro u p s .  P o p u la t io n  fe m a le s  d id  p roduce  s i g n i f i c a n t l y  h ig h e r  l e v e l s  
o f  a d r e n a l  t e s t o s t e r o n e  th an  c o n t r o l  fe m a le s ,  and t h i s  d i f f e r e n c e  
rem ained  s i g n i f i c a n t  a f t e r  e x p re s s in g  in  r e l a t i v e  te rm s  f o r  a d r e n a l  
and body w e ig h t .  In  a d d i t i o n ,  o v a r ia n  w eigh t x-ias n e g a t i v e ly  c o r r e l a t e d  
to  th e  amount o f  a d r e n a l  t e s t o s t e r o n e  p roduced  i n  p o p u la t io n  fe m a le s ,  
b u t  n o t  in  c o n t r o l  f e m a le s .

d e v e r a l  p o s s i b l e  mechanisms o t  r e p r o d u c t iv e  i n h i b i t i o n  in  male 
and fem ale  deerm ice  a r e  d i s c u s s e d  in  view o f  P re v io u s  and c u r r e n t  
f i n d i n g s .

v i i



IN VITRO STEROID BIOSYNTHESIS BY THE ADRENAL TISSUE 

OF PRAIRIE DEERMICE (PEROMYSCUS MANICULATUS BAIRDI) 

FROM LABORATORY POPULATIONS



INTRODUCTION

I n  some s p e c i e s  o f  sm a l l  mammals, an i n c r e a s e  i n  t h e  d e n s i t y  o f  

th e  p o p u la t io n  I s  a s s o c i a t e d  w ith  r e p r o d u c t iv e  i n h i b i t i o n .  C h r i s t i a n  

(1950; 1971; 1975) and C h r i s t i a n ,  L loyd , and D avis  ( I 965 ) d ev e lo p ed  a 

th e o ry  t h a t  an i n c r e a s e  i n  p o p u la t io n  d e n s i t y  c a u s e s  i n t r i n s i c  b e h a v io r a l  

and e n d o c r in e  r e s p o n s e s  t h a t  r e s u l t  i n  t h e  r e g u l a t i o n  and l i m i t a t i o n  

o f  p o p u la t io n  grow th  v i a  th e  r e l e a s e  o f  th e  hormone a d r e n o c o r t i c o t r o p h i n  

(ACTH) from  th e  a n t e r i o r  p i t u i t a r y .  T h is  mechanism was th o u g h t  to  a c t  

on th e  a d r e n a l  g la n d s  to  c au se  th e  s y n t h e s i s  and r e l e a s e  o f  s t e r o i d  

hormones t h a t  would r e s u l t  i n  r e p r o d u c t iv e  i n h i b i t i o n .  They a l s o  

su g g e s te d  t h a t  ACTH may a l t e r n a t i v e l y  a c t  d i r e c t l y  on th e  gonads to  

cau se  i n h i b i t i o n  by an u n s p e c i f i e d  mechanism.

The r e l e a s e  o f  ACTH i s  u n d e r  th e  c o n t r o l  o f  c o r t i c o t r o p h i n  

r e l e a s i n g  f a c t o r  (CRF) from th e  h ypo tha lam us, which i s  r e l e a s e d  in  

g r e a t e r  amounts u n d e r  s t r e s s f u l  c o n d i t i o n s  compared w ith  t h e  m odera te  

c i r c a d i a n  f l u c t u a t i o n s  i n  th e  n o n - s t r e s s e d  s t a t e .  N ega tive  fe e d b ac k  

i n h i b i t i o n  o f  ACTH r e l e a s e  o c c u r s  w i th  e l e v a te d  b lood  g l u c o c o r t i c o i d  

c o n c e n t r a t i o n  a c t i n g  on e i t h e r  th e  hypo tha lam us o r  th e  p i t u i t a r y  

(T u rn e r  and B agnara , 197&)• The r e l e a s e  o f  ACTH i s  r e p o r t e d  to  be 

t r i p h a s i c  to  c h ro n ic  s t i m u l i  i n  r a t s .  F i r s t  t h e r e  i s  a r a p i d  i n c r e a s e  

o f  ACTH to  h ig h  l e v e l s  (S a to ,  1975)* The r a p i d  i n c r e a s e  i s  fo l lo w e d  

by a slow r e t u r n  to  b a s a l  l e v e l s  and th e n ,  i n  th e  ev en t  o f  p ro lo n g ed  

s t r e s s ,  t h e r e  i s  a n o th e r  r i s e  to  s u s t a in e d  h ig h  l e v e l s  t h a t  rem a ins
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s i g n i f i c a n t  a f t e r  f o u r  h o u rs  (Dallman and J o n e s ,  1973)* Cook, _et a l .

( 1973)» u s in g  e t h e r  s t r e s s  i n  r a t s  f o r  30 s ec o n d s ,  2 .5  m in u te s ,  o r  

c o n t in u o u s ly ,  found  t h a t  i n  a l l  g ro u p s  t h e  c o n c e n t r a t i o n  o f  c o r t i c o s t e r o n e  

was n o t  d i f f e r e n t  d u r in g  t h e  f i r s t  ^0 m in u te s ,  h u t  ACTH l e v e l s  were 

d i f f e r e n t .  Thus, t h e  m agnitude  o f  t h e  ACTH c o n c e n t r a t i o n  depends 

n o t  o n ly  on th e  ty p e ,  h u t  a l s o  on th e  d u r a t i o n  o f  s t r e s s .  Dallman 

and J o n es  (1973) have  s u g g e s te d  t h a t  b eca u se  t h e r e  was no g rad ed  

re s p o n se  o f  c o r t i c o s t e r o n e  l e v e l s  i n  p r o p o r t i o n  to  i n c r e a s i n g  amounts 

o f  ACTH, th e  a d r e n a l  must re sp o n d  m axim ally to  even th e  lo w e s t  amount 

o f  ACTH r e l e a s e d  i n  re s p o n se  to  s t i m u l a t i o n .  They a l s o  r e p o r t e d  t h a t  

c o r t i c o s t e r o n e  s e n s i t i z e s  th e  system  so t h a t  a  second s t im u lu s  

p rovokes  a  f a s t e r  r e s p o n s e .  F i n a l l y ,  a n o th e r  n e g a t i v e  feed b ack  loop  

c o n t r o l l i n g  g l u c o c o r t i c o i d  p ro d u c t io n  d i r e c t l y  from th e  c i r c u l a t i n g  

g l u c o c o r t i c o i d  c o n c e n t r a t i o n  on th e  a d r e n a l  g la n d  was p o s t u l a t e d  by 

Loose, e t  a l .  (1980) a f t e r  f i n d i n g  g l u c o c o r t i c o i d  b in d in g  s i t e s  i n  th e  

a d r e n a l  c y t o s o l  o f  m ice, r a t s ,  and bov ine  s o u r c e s .

In  some s p e c i e s  o f  sm a l l  mammals i t  h a s  been shown t h a t  a d r e n o c o r t i c a l  

f u n c t i o n  i n c r e a s e s  w ith  i n c r e a s e d  p o p u la t io n  d e n s i t y .  A d ren a l w e igh t 

was found  to  i n c r e a s e  w ith  d e n s i t y  i n  house  mice ( Mus m u scu lu s)

( C h r i s t i a n ,  1956; Bronson and E l e f t h e r i o u ,  I 9 6 3 ) ,  lemmings ( Lemmus 

t r i m u c r o n a tu s ) (Andrews, 1970; Andrews e t  a l .  , l975"b» Andrews and 

B elknap, 1979) > and v o le s  ( M icro tu s  p e n n s .y lv a n ic u s ) (To and Tamarin,

1977)- However, i n  Peromyscus m a n ic u la tu s  a d r e n a l  w e ig h t does n o t  

r e f l e c t  an i n c r e a s e  i n  p o p u la t io n  d e n s i t y  (Bronson and E l e f t h e r i o u ,

1963; Terman, 1969; Sung, B rad ley ,  and Terman, 1977; Coppes, I 98O;

P e e b le s ,  1981). In  Mus, a d r e n o c o r t i c a l  f u n c t i o n  and morphology were 

shown to  be i n v e r s e l y  r e l a t e d  to  s o c i a l  ra n k .  When house  mice were
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grouped, and i n j e c t e d  w i th  a  “beef  serum a n t ig e n ,  th e  dom inant a n im a ls  

were found  to  have a  h i g h e r  a n t ib o d y  t i t e r  th a n  s u b o r d in a te s  (V essey, 

1964). S o c i a l  rank  a l s o  showed an i n v e r s e  r e l a t i o n s h i p  to  a d r e n a l  

w e ig h t  and p lasm a c o r t i c o s t e r o n e  c o n c e n t r a t i o n .  T h is  f i n d i n g  was 

th o u g h t  to  be due to  an i n c r e a s e d  ACTH s e c r e t i o n  c a u s in g  an i n c r e a s e d  

g l u c o c o r t i c o i d  c o n c e n t r a t i o n  i n  s u b o r d in a te  house  mice (Louch and 

H igginbotham , I 967) .  Southwick (1964) u s in g  Perom yscus le u c o p u s  

found t h a t  an i n c r e a s e  i n  p o p u la t io n  d e n s i t y  d id  n o t  p ro d u ce  an i n c r e a s e  

i n  a d r e n a l  w e ig h t i f  t h e  p o p u la t io n s  were s o c i a l l y  " c o m p a t ib le " ,  

b u t  i f  t h e  a n im a ls  f o u g h t ,  th e  a d r e n a l s  o f  s u b o r d in a te  mice were 

s i g n i f i c a n t l y  l a r g e r .  Using low l e v e l s  o f  e o s in o p h i l s  a s  an i n d i c a t i o n  

o f  h ig h  g l u c o c o r t i c o i d  l e v e l s ,  Southwick (1964) a l s o  found  t h a t  when 

male le u co p u s  were p la c e d  i n t o  empty co lony  p e n s ,  e o s in o p h i l  numbers 

d e c re a se d  by 70% w i th in  f o u r  h o u rs ,  b u t  r e t u r n e d  to  norm al by 72 h o u rs .  

However when male Pj_ leu co p u s  were p la c e d  i n  co lo n y  pens  c o n ta in in g  

a r e s i d e n t  p a i r ,  t h e r e  was a 92% d e c l i n e  i n  e o s in o p h i l s  t h a t  rem ained  

s i g n i f i c a n t l y  low ered  f o r  f i v e  d ay s .

Bronson ( I 963 ) and Bronson and E l e f t h e r i o u  ( I 9 6 3 ; 1964) found t h a t  

exposu re  o f  male C57 mice and Peromyscus m a n ic u la tu s  to  t r a i n e d  f i g h t e r  

mice o r  c o ld  cau sed  an in c r e a s e d  a d r e n a l  w e ig h t and a s c o r b ic  a c id  

d e p l e t i o n .  When C57 mice were m a in ta in e d  a t  i n c r e a s e d  d e n s i t i e s ,  

s i m i l a r  r e s p o n se s  were s ee n .  However, crow ding d id  n o t  p rovoke th e s e  

changes i n  Perom yscus m a n ic u la tu s . Bronson ( I 965) found t h a t  8 days 

o f  1 m in u te /d ay  exposu re  to  t r a i n e d  C57 f i g h t e r  mice r e s u l t e d  i n  

s i g n i f i c a n t  i n c r e a s e s  i n  a d r e n a l  w eigh t and p i t u i t a r y  ACTH in  mice 

o f  th e  same s p e c i e s .  P lasm a c o r t i c o s t e r o n e  was e l e v a te d  r e g a r d l e s s  

o f  l e n g th  o f  ex p o su re .  However, a d r e n a l  c o r t i c o s t e r o n e  l e v e l s ,  when



5

a d j u s t e d  f o r  changes  i n  a d r e n a l  w e ig h t ,  showed no s i g n i f i c a n t  d i f f e r e n c e .  

A c tu a l  p h y s i c a l  c o n t a c t  was n o t  n e c e s s a r y  to  evoke t h i s  r e s p o n s e  

once a c o n ta c t  had o c c u r re d ,  e i t h e r  i n  C57 mice (Bronson and 

E l e f t h e r i o u ,  I 965 ) ,  o r  i n  SASTO mice (A rch e r ,  1969)*

In  many s p e c i e s ,  r e p r o d u c t iv e  f u n c t io n  i s  known to  d e c r e a s e  w ith  

an i n c r e a s e  i n  p o p u la t io n  d e n s i t y .  T h is  i s  seen  i n  male house  mice 

( C h r i s t i a n ,  Lloyd and D av is ,  1965; B ra in  and Nowell, 1971a; C h r i s t i a n ,

1971; L loyd, 1971i G a r tn e r ,  R e z n ik - S c h u l l e r  and R ezn ik , 1973; McKinney 

and D e s ja r d in ,  1973 )> and fem a le  house  mice ( C h r i s t i a n ,  I 96O; B ra in  and 

Nowell, I 9 7 l h ) . B ronson, S te t s o n  and S t i f f  (1973)> u s in g  male CF-1 

m ice, showed p r o g r e s s i v e  d e c r e a s e s  i n  s em in a l  v e s i c l e  w e ig h t  and 

c i r c u l a t i n g  FSH and LH i n  i s o l a t e d  c o n t r o l s ,  a n im a ls  s e p a r a t e d  by a 

h a r r i e r  t h a t  p r e v e n te d  o n ly  p h y s i c a l  c o n t a c t ,  d o m in an ts ,  and s u b o r d in a t e s .  

A d ren a l w e igh t and ACTH c o n c e n t r a t i o n  showed a  p r o g r e s s i v e  i n c r e a s e  i n  

th e  same h i e r a r c h y .  Female h o u se  mice when p la c e d  i n  mixed sex  g ro u p s ,  

show i n c r e a s e d  u t e r i n e  f e t a l  m o r t a l i t y  and t o t a l  l o s s  o f  r e p r o d u c t iv e  

f u n c t i o n  (L loyd and C h r i s t i a n ,  I 969 ) .  When r e p r o d u c t i v e l y  i n h i b i t e d  

fem a le  house  mice were removed from  mixed sex  g ro u p s ,  r e p r o d u c t io n  

rem ained  su p p re s s e d  and in a d e q u a te  l a c t a t i o n  caused  perm anen t s t u n t i n g  

o f  o f f s p r i n g ,  which c o n t in u e d  i n t o  th e  second g e n e r a t i o n  ( C h r i s t i a n  

and LeMunyan, 1958).

Exposure to  s e v e r a l  k in d s  o f  s t r e s s ,  b o th  c h ro n ic  and a c u te ,  h a s  

been shown to  r e s u l t  i n  r e p r o d u c t iv e  i n h i b i t i o n  (A j ik a  e t  a l . , 1972; 

G a r tn e r ,  R e z n ik - S c h u l le r  and R ezn ik , 1973; Buckingham and Hodges, 197^; 

B a s s e t t  and C a i m c r o s s ,  1975; B lake , 1975; Gray e t  a l . , 1977;

DuRuisseau e t  a l . , 1978; Tache e t  a l . , 1978). Euker and R ie g le  (1972) 

found t h a t  c h ro n ic  r e s t r a i n t  s t r e s s  d e c re a se d  th e  number o f  f e r t i l i z e d



eggs t h a t  im p la n t  i n  fem a le  r a t s .  ACTH a d m i n i s t r a t i o n  a l s o  cau sed  

r e p r o d u c t iv e  i n h i b i t i o n  i n  house  mice ( C h r i s t i a n ,  I96^a ; l96^b ; C h r i s t i a n ,  

Lloyd and D av is ,  I 965) ,  r a t s  (O gle , 1977; Cohen and Mann, 1979; K a p i l ,  

Chowdburg and Swarup, 1979)» v o le s  (P a s le y  and C h r i s t i a n ,  1971)» P* le u co p u s  

( P a s le y  and C h r i s t i a n ,  1972), and P . m a n ic u la tu s  (O gle , 197*0* Yang,

Yang and Lin  ( I 969 ) found  t h a t  ACTH a d m i n i s t r a t i o n  cau sed  a marked 

i n h i b i t i o n  o f  i m p la n ta t io n  and f e t a l  developm ent i n  r a t s ,  b u t  d id  n o t  

a l t e r  t h e  r a t e  o f  t u b a l  t r a n s p o r t  o r  developm ent o f  ova.

L a b o ra to ry  p o p u la t io n s  o f  Perom yscus m a n ic u la tu s  b a i r d i , when 

p ro v id e d  w i th  e x ce ss  food  and w a te r ,  w i l l  c o n t r o l  grow th  a t  w id e ly  

v a r i a b l e  n u m e r ic a l  l e v e l s  (Terman, I 9 6 5 ) • The c o n t r o l  o f  grow th  i s  

e i t h e r  by t h e  f a i l u r e  o f  young to  s u r v iv e ,  o r  more commonly by th e  

r e p r o d u c t iv e  i n h i b i t i o n  o f  t h e  young (Terman, I973a ) • The w e ig h ts  o f  

th e  r e p r o d u c t i v e  o rg an s  i n  b o th  sex e s  a r e  s i g n i f i c a n t l y  red u ced  when 

compared w ith  c o n t r o l s  (Terman, 19&9)• When th e  r e p r o d u c t i v e l y  i n h i b i t e d  

a n im a ls  a r e  removed from t h e  p o p u la t io n  and p a i r e d  f o r  10 days  w ith  an 

an im a l o f  t h e  o p p o s i t e  s ex ,  56% o f  t h e  fe m a le s  p ro d u ce  s u c c e s s f u l  l i t t e r s  

w i th in  28 days  (Terman, 1973b). T h is  i n d i c a t e s  t h a t  e n d o c r in e  system s 

and r e p r o d u c t i v e  o rg an s  d id  n o t  become p e rm an en tly  r e f r a c t o r y  to  c i r c u l a t i n g  

g o n a d o tro p h in s  (Terman, 1973b). Terman ( I 98O) u sed  t h r e e  e x p e r im e n ta l  

p a i r i n g s  o f  P . m a n ic u la tu s  between I 30 and 150 days o ld  w ith  s i b l i n g s  o f  

th e  o p p o s i t e  sex  on n o - c o n ta c t  c a g e s .  The t h r e e  g ro u p s  were p a i r e d  

w i th in  a p o p u la t io n  e n c lo s u r e ,  p a i r e d  o u t s i d e  t h e  e n c lo s u re  b u t  i n  th e  

same room, and f r e e l y  ra n g in g  w i th in  a  p o p u la t io n  e n c lo s u r e .  Mean body, 

t e s t e s ,  sem in a l  v e s i c l e ,  ovary  and u t e r u s  w e ig h ts  av e rag ed  p r o g r e s s i v e l y  

l a r g e r  from th e  an im a ls  t h a t  were f r e e  ra n g in g ,
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to  th o s e  p a i r e d  w i th in  t h e  e n c lo s u r e ,  t o  th o s e  p a i r e d  o u t s i d e  th e  

e n c lo s u re .  A lso , o n ly  3^  o f  t h e  f r e e  ra n g in g  fe m a le s  became p re g n a n t ,  

compared to  21% caged w i th in  and b 8% caged o u t s i d e  t h e  e n c lo s u r e .

T h is  s tu d y  i n d i c a t e s  t h a t  th e  p rim e d e te r m in a n t  o f  i n h i b i t e d  r e p r o d u c t io n  

i s  p h y s i c a l  c o n t a c t .

Serum c o r t i c o s t e r o n e  l e v e l s  were found to  be s i g n i f i c a n t l y  

h ig h e r  i n  r e p r o d u c t i v e l y  i n h i b i t e d  male and fe m a le  d eerm ice  (P . m a n ic u la tu s ) , 

even though t h e  a b s o l u t e  a d r e n a l  w e ig h ts  were s i g n i f i c a n t l y  low er when 

compared w ith  c o n t r o l s  (Sung, B rad ley  and Terman, 1 9 7 ? ) .  In  a  fo l lo w -  

up s tu d y ,  B rad ley  and Terman (1981a) a g a in  found a s i g n i f i c a n t l y  h ig h e r  

serum c o r t i c o s t e r o n e  l e v e l . . i n  p o p u la t io n  a n im a ls ,  and s m a l l e r  a d r e n a l  

g la n d s .  However, t h e  r e l a t i v e  a d r e n a l  w e igh t was l a r g e r  i n  b o th  sex es  

o f  p o p u la t io n  a n im a ls .  The s m a l l e r  a d r e n a l  s i z e  was a  r e s u l t  o f  

d e c re a se d  c o r t i c a l  and m e d u lla ry  a r e a s .  T h is  p a rad o x  o f  i n c r e a s e d  

serum c o r t i c o s t e r o n e  i n  t h e  p re s e n c e  o f  s m a l l e r  a d r e n a l s  i s  s t i l l  

u n re s o lv e d .  D i f f e r e n c e s  i n  t h e  b in d in g  o f  c o r t i c o s t e r o n e  to  p lasm a 

p r o t e i n s ,  o r  i n  t h e  breakdown and e x c r e t io n  o f  c o r t i c o s t e r o n e  may 

p la y  a r o l e .  A no ther  f a c t o r  t h a t  may cau se  e l e v a t e d  serum c o r t i c o s t e r o n e  

l e v e l s  i n  i n h i b i t e d  d ee rm ice  when compared w ith  c o n t r o l s  i s  an 

in c r e a s e d  r a t e  o f  a d r e n a l  s e c r e t i o n  i n  p o p u la t io n  a n im a ls .  A drenal 

in c u b a t io n  s t u d i e s  to  d e te rm in e  hormone p r o d u c t io n  r a t e s  have been 

done on a v a r i e t y  o f  a n im a ls  in c lu d in g  r a t s  (M ilew ich and A xe lrod ,

1972; McCarthy, Green and S o h a l ,  1976; Goverde, Pesman and B enraad,

1980; Goddard e t  a l . , 1980; S ib le y  _et a l . , 1980), h a m s te rs  (Andrews,

1968c), snowshoe h a r e s  (F evo ld  and Drummond, 1976; F e i s t ,  I 98O), 

lemmings (Andrews, 1968a; 1968b; 1970; Andrews e t  a l . , I 9 6 8 ; l9 7 5 t ;

Andrews and B elknap , 1979), v o le s  (Andrews, 1970), house mice
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(Varon, T ouchstone  and C h r i s t i a n ,  196 6 ; Andrews, 1970 ), and d ee rm ice  

(Andrews e t  a l . , 1975a; Andrews and B elknap , 1979)*

The p r e s e n t  s tu d y  exam ines t h e  i n  v i t r o  p r o d u c t io n  r a t e s  o f  

s e v e r a l  a d r e n a l  s t e r o i d  hormones from  t h e  a d r e n a l  g la n d s  o f  male 

and fe m a le ,  c o n t r o l  and p o p u la t io n  d ee rm ice  (Pj_ m a n ic u la tu s  h a i r d i ) .

The i n i t i a l  p a r t  o f  t h i s  s tu d y  employs p a p e r  ch rom atography  and r a d i o -  

g r a p h ic  sca n n in g  to  i n v e s t i g a t e  i f  t h e r e  a r e  any d i f f e r e n c e s  i n  th e  

m a jo r  s t e r o i d  hormones p ro d u ced , t h a t  may he  c a u s in g  t h e  r e p r o d u c t iv e  

i n h i b i t i o n  seen  i n  b o th  se x e s  o f  p o p u la t io n  d e e rm ice .  I n  t h e  second  

p a r t  o f  t h i s  work, t h e  m ajo r s t e r o i d s  a r e  s e p a r a te d  by t h i n - l a y e r  

chrom atography , and t h e i r  i n d i v i d u a l  p ro d u c t io n  r a t e s  a r e  d e te rm in e d .  

T h is  w i l l  d e te rm in e  i f  t h e  e l e v a t e d  serum c o r t i c o s t e r o n e  l e v e l s ,  

seen  i n  male and fem a le  p o p u la t io n  d e e rm ice ,  a r e  due t o  an in c r e a s e d  

a d r e n a l  p r o d u c t io n .  The p r o d u c t io n  r a t e s  o f  th e  o t h e r  m ajo r hormones 

p roduced  w i l l  be  q u a n t i f i e d  to  s e e  i f  th e y  c o n t r i b u t e  to  th e  i n h i b i t i o n  

o f  r e p r o d u c t io n .



MATERIALS AND METHODS

Animals

A l l  o f  t h e  a n im a ls  were m a in ta in e d  on a  14 h o u r  l i g h t  ( f o u r  40W 

f l u o r e s c e n t  tu b e s  from  2200-1200 h r s ) : l 0  h o u r  d a rk  reg im en . W ater and 

food  (Wayne L a b o ra to ry  Animal D ie t )  were s u p p l i e d  ad l i b i t u m . The 

y e a r ly  te m p e ra tu re  v a r i a t i o n  i n  th e  an im a l rooms was k e p t  between 2l°C  

and 30°G. The d a i l y  te m p e ra tu re  f l u c t u a t i o n  was a p p ro x im a te ly  +2°C .

T hree  e x p e r im e n ta l  p o p u la t io n s  were founded  by f o u r  n o n - s i b l i n g  

p a i r s ,  t h e  fem a le  o f  each b e in g  p re g n a n t .  The a n im a ls  were p la c e d  i n t o  

a  1.5m d ia m e te r  c o r r u g a te d  aluminum e n c lo s u r e  w i th  wood c h ip s  a s  a 

f l o o r  c o v e r in g .  None o f  t h e  young from t h e  f i r s t  l i t t e r s  rem ained  p a r t  

o f  t h e  p o p u la t i o n .  Animals were checked b iw eek ly  f o r  r e p r o d u c t iv e  

c o n d i t io n  (Terman, 1969; 1973)*

C o n tro l  a n im a ls  were r e a r e d  i n  same sex  s i b l i n g  g roups  from 

weaning a t  21 days  u n t i l  9 0 + 7  d a y s .  The a n im a ls  were p a i r e d  w ith  

n o n - s i b l i n g s  o f  t h e  o p p o s i t e  sex  i n  12cm X 26cm X 14cm m e ta l  c a g e s ,  

b u t  were s e p a r a t e d  by a  2cm X 2cm sq u a re  w ire  mesh b a r r i e r  t h a t  

p re v e n te d  p h y s i c a l  c o n t a c t ,  b u t  a l lo w ed  v i s u a l ,  a u d i t o r y  and o l f a c t o r y  

com m unication ( A lb e r t s o n ,  B rad ley  and Terman, 1975)*

Incubation and Extraction

Animals were removed from t h e i r  c ag es  o r  e n c lo s u r e s  and r a p i d l y  

d e c a p i t a t e d  w i th in  one m inute  o f  i n i t i a l  d i s t u r b a n c e .  A l l  an im a ls
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( c o n t r o l  and p o p u la t io n )  were 120 + 7 days  o ld  a t  t h e  t im e  o f  sam p lin g .

The p o p u la t io n s  were a l l  i n  t h e i r  g row th  p h ase  when an im a ls  were removed

f o r  sam pling . A l l  sam ples  were ta k e n  one h o u r  "before t h e  o n s e t  o f  th e

d a rk  c y c le  ( a t  1100 h o u r s ) .  The a d r e n a l  g la n d s  were r a p i d l y  removed,

f r e e d  o f  f a t ,  weighed to  t h e  n e a r e s t  m i l l ig r a m ,  and t r a n s f e r r e d  to  a

c o ld  25 ml E rlenm eyer f l a s k  c o n ta i n in g  an i n c u b a t io n  medium o f  0.2%

g lu c o s e  i n  5 ml K re b s -R in g e r  b i c a r b o n a te  b u f f e r  (KRBG), 200 mg b o v in e

serum album in (BSA), 1 mg c ru d e  c o l l a g e n a s e  (Sigma) and ^30 ,000  cpm 
1. 4p ro g e s te ro n e -4 -G  (e q u a l  to  0 .1976  uCi; s p e c i f i c  a c t i v i t y  = 56mCi/mM, 

Amersham). The a d r e n a l s  were c u t  i n t o  a p p ro x im a te ly  10 p i e c e s  and 

th e  t i s s u e  in c u b a te d  i n  a  D ubnoff m e ta b o l ic  i n c u b a t o r  a t  100 o s c i l l a t i o n s /  

m inu te  i n  an a tm osphere  o f  95% 5% GO^, and 37^0 f o r  one h o u r

(Goverde, Pesman and B enraad , 1980). The b o d ie s  o f  t h e  a n im a ls  were 

weighed and p la c e d  i n  a  10% b u f f e r e d  fo r m a l in  s o l u t i o n  f o r  a t  l e a s t  

72 h o u rs .  The t e s t e s ,  s e m in a l  v e s i c l e s ,  o v a r i e s ,  and u t e r i  were 

d i s s e c t e d ,  c le a n e d  o f  s u r ro u n d in g  t i s s u e  and weighed on a  Cahn 

e l e c t r o b a l a n c e  i n t e r f a c e d  w i th  a  Wang programmable c a l c u l a t o r .

F o llow ing  in c u b a t io n  t h e  medium was t r a n s f e r r e d  to  15 ml 

c e n t r i f u g e  tu b e s  c o n ta i n in g  2 ml e t h y l  a c e t a t e .  The tu b e s  were 

e x t r a c t e d  by v o r t e x in g  f o r  1 m inu te  and th e n  c e n t r i f u g i n g  a t  2000 rpm 

f o r  2 m in u te s .  The s u p e r n a t a n t  was p i p e t t e d  to  c le a n  c e n t r i f u g e  

tu b e s  and th e  e x t r a c t i o n  p ro c e d u re  r e p e a te d .  The s u p e r n a t a n t s  were 

p o o le d  and f r o z e n  a t  - 70^0 u n t i l  a s s a y e d .

Upon rem oval from th e  f r e e z e r ,  t h e  s u p e r n a ta n t  was d e c a n te d  to  

a  c le a n  20 ml s c i n t i l l a t i o n  v i a l  l e a v in g  beh ind  any f r o z e n  aqueous 

l i p i d  i n t e r f a c e .  Known amounts (6000-7000 cpm) o f  1 , 2 , 6 , 7 - H ^ -  

c o r t i c o s t e r o n e  ( s p e c i f i c  a c t i v i t y  = 105 Ci/mM, Amersham) was added to
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t h e  e x t r a c t  to  d e te rm in e  l o s s  and to  s e r v e  a s  a  ch ro m a to g rap h ic  m arker .  

A l l  r a d i o a c t i v e  m a t e r i a l s  were p u r i f i e d  "by TLG p r i o r  to  u s e .

P a p e r  Chromatography

The e x t r a c t  volume o f  some i n c u b a t e s  was re d u c ed  to  d ry n e s s  

u n d e r  n i t r o g e n  and re su sp e n d e d  i n  100 u l  a b s o l u t e  e th a n o l .  T h is  was 

s t r e a k e d  on to  a 55cm X ^cm Whatman No. 1 p a p e r  chrom atography  s t r i p  

on a  band n o t  g r e a t e r  th a n  1cm wide. The v i a l  was washed w ith  100 u l  

e th a n o l  and t h i s  was s t r e a k e d  on to  th e  same chrom atography  s t r i p .

The s t r i p s  c o n ta i n in g  th e  i n c u b a t io n  e x t r a c t s ,  a lo n g  w ith  o t h e r s  

c o n ta i n in g  100 ug i n d i v i d u a l  n o n - r a d i o a c t i v e  s t a n d a r d s  ( c o r t i c o s t e r o n e ,  

d e o x y c o r t i c o s t e r o n e ,  t e s t o s t e r o n e ,  p r o g e s te r o n e )  and a m ix tu re  o f  a l l  

t h e s e  s t a n d a r d s ,  were hung i n  a  d e sc e n d in g  ch rom atography  tan k  

c o n ta i n in g  a p a p e r  c u r t a i n .

A chrom atography  system  o f  c y c lo h e x a n e t d i o x a n e : m e t h a n o l : d i s t i l l e d  

w a te r  (100 :7 5 :5 0 i2 5 )  was p re p a re d  i n  a  s e p a r a to r y  f u n n e l .  The s t a t i o n a r y  

p h a se  was p la c e d  on t h e  f l o o r  o f  t h e  ta n k ,  and t h e  system  was e q u i l i b ­

r a t e d  f o r  20 h o u r s .  The m obile  p h ase  was th e n  added and th e  d e sc e n d in g  

system  was d ev e lo p ed  f o r  12 h o u rs  a t  a  t e m p e ra tu re  o f  22 + 2°C. The 

s t r i p s  were removed, t h e  f r o n t  was marked, and th e  s t r i p s  were hung 

to  d r y .

Those s t r i p s  c o n ta i n in g  th e  r a d i o a c t i v e  in c u b a t io n  medium were 

scanned  on a ^T T scanner ( T r a c e r l a b )  f o r  r a d i o a c t i v e  p e ak s .  The m ajo r 

p eaks  were i d e n t i f i e d  and t h e i r  R^ v a lu e s  were c a l c u l a t e d .  v a lu e s

were a l s o  c a l c u l a t e d  on a n o th e r  s e t  o f  chrom atogram s run  in  th e  same 

manner, c o n ta i n in g  th e  i n c u b a t io n  e x t r a c t s  and s t a n d a r d s .  These 

chrom atogram s were p la c e d  in  p h o sp h o r ic  a c id  and d r i e d  f o r
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20 m inu tes  a t  100°G, i n  o r d e r  to  v i s u a l i z e  t h e  l o c a t i o n  o f  t h e  v a r io u s  

s t e r o i d s .

TLG f o r  P u r i f i c a t i o n  and S e p a ra t io n  o f  I n c u b a te s

The fo l lo w in g  ex p e r im en t was p e rfo rm ed  on a s e p a r a t e  s e t  o f  

i n c u b a t e s .  I n c u b a t io n  and e x t r a c t i o n  p ro c e d u re s  were t h e  same a s  

th e y  were f o r  p a p e r  ch rom atography . I n  a d d i t i o n  to  th e  p r e v io u s ly
o

added H - c o r t i c o s t e r o n e ,  known amounts (9000-12 ,000  cpm) o f  1 , 2 , 6 , 7 -
o

H - t e s t o s t e r o n e  ( s p e c i f i c  a c t i v i t y  — 109 Ci/mM, Amersham) and
o

(8000-10 ,000  cpm) d e o x y -1 ,2 - (n)-H  - c o r t i c o s t e r o n e  ( s p e c i f i c  a c t i v i t y  =

55 Ci/mM, Amersham) were added to  t h e  l i p i d - f r e e  e x t r a c t .  F i f t y  ug

o f  a u t h e n t i c  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e  (DOC), t e s t o s t e r o n e ,

and p r o g e s te r o n e  (Sigma) were a l s o  added . T h is  volume was red u ced

to  d ry n e s s  u n d e r  n i t r o g e n ,  and th e n  re su sp e n d ed  i n  100 u l  e th a n o l .

The r a d i o a c t i v e  e x t r a c t s ,  n o n - r a d i o a c t i v e  sam ples  o f  a u t h e n t i c

c o r t i c o s t e r o n e ,  DOC, t e s t o s t e r o n e ,  and p r o g e s te r o n e ,  and a m ix tu re

o f  a l l  f o u r  n o n - r a d i o a c t i v e  s t a n d a r d s  were s t r e a k e d  i n  bands n o t

g r e a t e r  th a n  1 .5  cm o n to  s e p a r a t e  1 .2  cm la n e s  o f  a  s i l i c a  g e l

TLG p l a t e .  The p l a t e s  were d ev e lo p ed  i n  a c y c lo h e x a n e : e t h y l  a c e t a t e :

hex an es  ( 4 5 :45*.10) system  f o r  one h o u r .  The U.V.  a b so rb in g  a r e a s  were

marked, t h e i r  R_̂  v a lu e s  were c a l c u l a t e d ,  and th e  a r e a s  were removed

by s c r a p in g  and a s p i r a t i o n  i n t o  P a s t e u r  p i p e t t e s  packed  w ith  g l a s s  wool.

The s t e r o i d s  were e lu t e d  w i th  e t h a n o l :m ethanol (1 :1  v /v )  i n t o  c le a n ,

l a b e l l e d  s c i n t i l l a t i o n  v i a l s  and e v ap o ra te d  to  d ry n e s s  u n d e r  n i t r o g e n .

Ten ml o f  B io so lv e  (Beckman) was added and th e  v i a l s  were coun ted  

3 14f o r  b o th  H and C energy  f o r  100 m inu tes  o r  1% e r r o r  on a Beckman 

LS 3133T l i q u i d  s c i n t i l l a t i o n  c o u n te r  (narrow  t r i t i u m  and carbon  i s o s e t s ) .
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The numbers were c o r r e c t e d  f o r  s p i l l o v e r  and l o s s .  Comparison o f  

body, t e s t i s ,  o v a ry  and a d r e n a l  w e ig h ts ,  and s t e r o i d  p r o d u c t io n  was 

made by c a l c u l a t i n g  t h e  mean + s t a n d a r d  e r r o r .  The means were compared 

by t h e  S t u d e n t ' s  t - t e s t .

TLC f o r  R e p r o d u c i b i l i t y

In  o r d e r  to  e s t i m a te  t h e  v a r i a b i l i t y  i n  t h e  TLC p ro c e d u re ,  t h e

fo l lo w in g  ex p e r im en t was p e rfo rm ed . A d ren a l  g la n d s  from 5 c o n t r o l  male

a n im a ls ,  sam pled a s  b e f o r e ,  were combined i n  a  125 nil E rlenm eyer f l a s k

c o n ta i n in g  30 nil KRBG, 1200 mg BSA, 6 mg c ru d e  c o l l a g e n a s e ,  and I . I 856
14

uCi p r o g e s te r o n e  4-C . A l l  c a p s u le s  were s l i c e d  and t h e  g la n d s  were

in c u b a te d  a s  b e f o r e .  The i n c u b a t e  was d iv id e d  i n t o  5 nil a l i q u o t s  and 

p i p e t t e d  i n t o  5 c e n t r i f u g e  t u b e s .  E x t r a c t io n  p ro ceed ed  a s  b e f o r e .

To t h e  l i p i d - f r e e  e x t r a c t ,  50 ug o f  n o n - r a d i o a c t i v e  c o r t i c o s t e r o n e  

was added to  s e r v e  a s  a  U.V. a b s o r b in g  m arke r .  The m a t e r i a l  was re d u c ed  

to  d ry n e s s  u n d e r  n i t r o g e n ,  re su sp e n d e d  i n  100 ml e th a n o l ,  and s t r e a k e d  

on to  5 s e p a r a t e  1 .2  cm wide l a n e s  o f  a  20cm X 10cm s i l i c a  g e l  TLC 

p l a t e .  The c e n t r i f u g e  tu b e s  were r i n s e d  w i th  50 U1 e th a n o l  and t h i s  

was a l s o  s t r e a k e d  on to  th e  p l a t e .  The l a n e s  a t  th e  ends o f  t h e  p l a t e  

were n o t  used  to  a v o id  any edge e f f e c t  d u r in g  th e  ch rom atography .

The p l a t e  was p la c e d  i n t o  a  TLC chamber c o n ta in in g  th e  same system  

a s  b e f o r e .  F o llo w in g  chrom atography  f o r  1 h o u r ,  t h e  c o r t i c o s t e r o n e  

a r e a  was l o c a t e d  u n d e r  U.V. l i g h t ,  removed from th e  p l a t e  and e lu te d  

a s  b e f o r e .  A f t e r  d r y in g  u n d e r  n i t r o g e n ,  10 ml o f  B io so lv e  was added to  

th e  v i a l .  The v i a l s  were co u n ted  i n  a s c i n t i l l a t i o n  c o u n te r ,  t h e  

numbers were c o r r e c t e d  f o r  s p i l l o v e r  and l o s s ,  and th e  p e r c e n t  d i f f e r e n c e  

between th e  v a lu e s  was d e te rm in e d .



RESULTS

The r a d i o a c t i v e  s c a n s  o f  t h e  p a p e r  chrom atogram s from  th e

in c u b a te d  a d r e n a l  g la n d s  f o r  a  r e p r e s e n t a t i v e  s i n g l e  p o p u la t io n

male and fe m a le ,  and c o n t r o l  male and fem a le  a r e  shown i n  F ig u re  1 .

Three m ajor r a d i o a c t i v e  p e ak s ,  i n  a d d i t i o n  to  t h e  peak o f  p r o g e s te r o n e
14t h a t  s e rv e d  a s  th e  carbon  s o u rc e ,  co u ld  be i d e n t i f i e d  on th e  scan s  

f o r  a l l  f o u r  c l a s s e s  o f  a n im a ls .  The R^ v a lu e s  c a l c u l a t e d  from  th e s e  

peaks  were w i th in  th e  same ra n g e  o f  R_̂  v a lu e s  d e te rm in e d  from th e  

p a p e r  chrom atography o f  i n d i v i d u a l  n o n - r a d i o a c t i v e  sam ples  o f  c o r t i c o ­

s t e r o n e ,  d e o x y c o r t i c o s t e r o n e ,  and t e s t o s t e r o n e ,  and a m ix tu re  o f  a l l  

t h r e e  o f  t h e s e  s t e r o i d s  (T ab le  1 ) .  Those a u t h e n t i c  s t a n d a r d s  and 

a d r e n a l  i n c u b a t io n  e x t r a c t s  t h a t  were p a p e r  ch rom atographed  and th e  

s p o t s  v i s u a l i z e d  by t r e a tm e n t  w ith  a  p h o sp h o r ic  a c id  s o l u t i o n ,

a l s o  p roduced  th e  same ra n g e  o f  R^ v a lu e s  (T ab le  1 ) .

Thin l a y e r  chrom atography  o f  t h e  a d r e n a l  in c u b a t e s  from  p o p u la t io n  

male and fem a le  and c o n t r o l  male and fem a le  a n im a ls ,  a s  w e l l  a s  

a u t h e n t i c  s t a n d a r d s ,  a l l  y i e ld e d  i d e n t i c a l  R^ v a lu e s .  The R^ v a lu e s  

were c o r t i c o s t e r o n e ,  0 .0 5 4 ;  d e o x y c o r t i c o s t e r o n e ,  0 . 1 5 ; and t e s t o s t e r o n e ,

0 .1 9 .

P o p u la t io n  m ales were found  to  have s i g n i f i c a n t l y  (P < 0 .0 0 l)  

s m a l l e r  mean sem in a l  v e s i c l e ,  t e s t i s ,  and a d r e n a l  w e ig h ts  when compared 

w ith  c o n t r o l  m ales (T ab le  2 ) .  Body w eigh t was a l s o  s i g n i f i c a n t l y  

( P<0 . 0 l )  l i g h t e r  i n  p o p u la t io n  m ales  (T ab le  2 ) .  The mean c o r t i c o s t e r o n e
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produced, (cpm) from t h e  in c u b a t e d  a d r e n a l s  o f  c o n t r o l  m ales  ten d ed  

(P < 0 . 1 )  to  be h ig h e r  th a n  t h a t  p roduced  by p o p u la t io n  m ales (T ab le  3)«

The amount o f  c o r t i c o s t e r o n e  p roduced  p e r  m i l l ig ra m  o f  a d r e n a l  t i s s u e  

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  between th e  c o n t r o l  and p o p u la t io n  

male d e e rm ice .  T here  was a l s o  no d i f f e r e n c e  i n  t h e  a b s o l u t e  o r  

r e l a t i v e  amounts o f  d e o x y c o r t i c o s t e r o n e  o r  t e s t o s t e r o n e  p roduced  by 

a d r e n a l  i n c u b a t io n  (T ab le  3 )•

C o r r e l a t i o n  a n a l y s i s  f o r  s e v e r a l  v a r i a b l e s  y i e l d e d  some 

i n t e r e s t i n g  r e s u l t s  (Appendix A) f o r  male d e e rm ice .  Semina.l v e s i c l e  

w e ig h t was s i g n i f i c a n t l y  ( r < 0 . 0 1 )  and p o s i t i v e l y  c o r r e l a t e d  w ith  t h e  

amount o f  t e s t o s t e r o n e  p roduced  by th e  in c u b a te d  a d r e n a l s  i n  c o n t r o l  

m a le s ,  b u t  n o t  in  p o p u la t io n  m a les .  Sem inal v e s i c l e  w e ig h t ,  however 

was s i g n i f i c a n t l y  ( R < 0 . 0 l )  and p o s i t i v e l y  c o r r e l a t e d  w i th  th e  amount 

o f  d e o x y c o r t i c o s te r o n e  p roduced  by th e  in  v i t r o  a d r e n a l  i n c u b a t io n  

i n  p o p u la t io n  m a les ,  and n o t  in  c o n t r o l  m ales .

Female p o p u la t io n  d eerm ice  showed s i g n i f i c a n t l y  (p < 0 . 0 0 1 )  l i g h t e r  

mean u t e r i n e ,  o v a r i a n ,  and body w e ig h ts  when compared w i th  t h e i r  c o n t r o l s .  

A drena l w e ig h ts  were a l s o  s i g n i f i c a n t l y  ( p < 0 . 0 l )  l i g h t e r  in  th e  

p o p u la t io n  fem ale  g roup  (T ab le  T) . The a b s o lu t e  amount o f  d e o x y c o r t i c o ­

s t e r o n e  p roduced  by t h e  a d r e n a l  g la n d s  o f  p o p u la t io n  fe m a le s  was 

s i g n i f i c a n t l y  ( P < 0 . 0 1 )  lo w er  th a n  c o n t r o l  fe m a le s .  T h is  d i f f e r e n c e  

was n o t  s i g n i f i c a n t  when e x p re s se d  in  te rm s  o f  th e  w e ig h t o f  a d r e n a l  

t i s s u e  ( d e o x y c o r t i c o s te r o n e /n g  a d r e n a l  w e ig h t)  (T ab le  5)* P o p u la t io n  

fe m a le s  a l s o  produced s i g n i f  i c a n t l y  (P < "0 .01) h ig h e r  l e v e l s  o f  a d r e n a l  

t e s t o s t e r o n e  than  c o n t r o l  f e m a le s ,  and t h i s  d i f f e r e n c e  rem ained 

s i g n i f i c a n t  a f t e r  e x p re s s in g  in  r e l a t i v e  te rm s  f o r  a d r e n a l  and body 

mass (p <0 . 0 1  and P < 0 .001  r e s p e c t i v e l y ) .  There  was no d i f f e r e n c e  seen



16

in  th e  amount o f  c o r t i c o s t e r o n e  p roduced  betw een th e  two fem a le  g ro u p s  

(T ab le  5 ) .

C o r r e l a t i o n  a n a l y s i s  y i e l d e d  a  s i g n i f i c a n t  ( R < 0 . 0 5 )  and 

p o s i t i v e  c o r r e l a t i o n  between a d r e n a l  w e ig h t  and a d r e n a l  c o r t i c o s t e r o n e  

p roduced  in  c o n t r o l  f e m a le s  b u t  n o t  i n  p o p u la t io n  f e m a le s .  C o n t ro l  

f e m a le s  showed a  s i g n i f i c a n t  ( R ^ O . 0 5 ) and n e g a t i v e  c o r r e l a t i o n  

f o r  t h e  same p a r a m e te r s .  F i n a l l y ,  o v a r ia n  w e ig h t  was s i g n i f i c a n t l y  

( R < 0 . 0 5 )  and n e g a t i v e l y  c o r r e l a t e d  to  t h e  amount o f  i n  v i t r o  a d r e n a l  

t e s t o s t e r o n e  p roduced  i n  p o p u la t io n  f e m a le s .  C o n tro l  f e m a le s  d id  

n o t  e x h i b i t  t h i s  same c o r r e l a t i o n  (Appendix B ) .

The amount o f  c o r t i c o s t e r o n e  t h a t  was p roduced  by t h e  a d r e n a l  

in c u b a t io n  o f  f i v e  p a i r  o f  a d r e n a l  g la n d s  from  male d ee rm ice ,  and 

d iv id e d  i n t o  f i v e  s e p a r a t e  a l i q u o t s  i s  g iv e n  in  T ab le  6 . The l o s s e s  

d u r in g  t h e  TLC p r o c e s s ,  and t h e r e f o r e  th e  v a r i a b i l i t y  w i th in  th e  

method, was found  to  be 14fA
I A

The p e r c e n t  o f  t h e  o r i g i n a l  p r o g e s te r o n e  4-C p r e c u r s o r  t h a t

was c o n v e r te d  d u r in g  th e  i n c u b a t io n  i n t o  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e ,

and t e s t o s t e r o n e  f o r  male and fe m a le ,  p o p u la t io n  and c o n t r o l  d ee rm ice

i s  shown in  T ab le  7 , The amount (cpm) and p e r c e n t  o f  t h e  o r i g i n a l  
144-C p r e c u r s o r  t h a t  rem ained  u n c o n v e r te d  i s  a l s o  p r e s e n te d  in  t h i s  

t a b l e .  The d a t a  show f o r  a l l  f o u r  c l a s s e s  o f  a n im a ls  t h a t  l e s s  th a n  

4;f o f  t h e  o r i g i n a l  430 ,000  cpm added were a s s o c i a t e d  w ith  c o r t i c o s t e r o n e ,  

d e o x y c o r t i c o s te r o n e  and t e s t o s t e r o n e  p roduced  by a d r e n a l  i n c u b a t io n .

A lso , i n  a l l  f o u r  c l a s s e s  o f  a n im a ls ,  a t  l e a s t  94m o f  th e  p r e c u r s o r  

m a t e r i a l  was r e c o v e re d  a s  th e  u n u t i l i z e d  p ro g e s te r o n e .
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The r a d i o a c t i v e  sc a n s  o f  t h e  p a p e r  chrom atogram s from  th e  in c u b a te d  
a d r e n a l  g la n d  f o r  a  r e p r e s e n t a t i v e  P. m a n ic u l a tu s . 0 i n d i c a t e s  
t h e  o r i g i n ;  numbers i n d i c a t e  t h e  v a lu e s  o f  t h e  p e a k s .

F ig u re  l a .  C o n tro l  male 

F ig u re  l b .  P o p u la t io n  male 

F ig u r e  i c .  C o n t ro l  fem a le  

F ig u r e  Id .  P o p u la t io n  fem a le
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DISCUSSION

The r a d i o a c t i v e  scan s  from  th e  p a p e r  c h ro m a to g rap h ic  s e p a r a t i o n  

o f  th e  a d r e n a l  in c u b a t e s  from a l l  f o u r  c l a s s e s  o f  a n im a ls  ( p o p u la t io n  

and c o n t r o l ,  male and fem a le  d eerm ice )  used  in  t h i s  ex p er im en t show a 

s i m i l a r  p a t t e r n  (F ig u re  1 ) .  A com parison  o f  th e  p o s i t i o n  o f  th e  

r a d i o a c t i v e  compounds i n  th e  s c a n s ,  and th e  p o s i t i o n  o f  n o n - r a d i o a c t i v e  

p u r i f i e d  s t a n d a r d s  o f  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s t e r o n e ,  and t e s t o s t e r o n e  

i n d i c a t e  a  s i m i l a r  ran g e  o f  R̂ . v a lu e s .  F u r t h e r ,  t h e  s i m i l a r  c o l o r  

p a t t e r n s  f o r  t h e  a u t h e n t i c  m a t e r i a l s  and th e s e  r a d i o a c t i v e  p e ak s ,  seen  

a f t e r  developm ent i n  17% p h o sp h o ric  a c i d ,  s u p p o r t s  th e  c o n c lu s io n  t h a t  

t h e  t h r e e  p eaks  c o n ta in  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s t e r o n e ,  and t e s t o ­

s t e r o n e  (T ab le  1 ) .

The t h i n - l a y e r  chrom atography o f  t h e  in c u b a t e s  and th e  non­

r a d i o a c t i v e  p u r i f i e d  s t a n d a r d s  a l s o  s u p p o r t s  th e  i d e n t i f i c a t i o n s  made 

from p a p e r  ch rom atography . S in ce  a u t h e n t i c  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o ­

s t e r o n e ,  and t e s t o s t e r o n e  were added tb  t h e  in c u b a t e s  a s  U. V. a b s o rb in g  

m ark e rs ,  and o n ly  th o s e  a r e a s  t h a t  were U.V. s e n s i t i v e  were removed 

to  be coun ted  i n  t h e  s c i n t i l l a t i o n  c o u n te r ,  t h e s e  a r e a s  t h e r e f o r e  

c o n ta in e d  th e  t h r e e  hormones i n v e s t i g a t e d  i n  t h i s  s tu d y .  The 

rem a in d e r  o f  th e  s i l i c a  g e l  a r e a  ( t h e  non-U.V. a b so rb in g  a r e a s )  

was removed ^rom th e  p l a t e  and coun ted  i n  f i v e  o f  tw en ty  s e p a r a t i o n s .

The amount o f  r a d i o a c t i v i t y  found in  t h i s  a r e a  n e v e r  exceeded 10% 

o f  th e  combined r a d i o a c t i v i t y  from th e  U.V. a b so rb in g  a r e a s .



26

C o n sequen tly , a t  l e a s t  90?1 o f  th e  a c t i v i t y  on t h e  TLC p l a t e  was from th e  

p eaks  a s s o c i a t e d  w ith  th e  hormones c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s t e r o n e ,  

and t e s t o s t e r o n e .  In  t h i s  e x p e r im en t ,  l e s s  th an  h-% o f  t h e  o r i g i n a l  

p r e c u r s o r  p r o g e s te r o n e  t h a t  was p u t  i n t o  t h e  system  was i n c o r p o r a t e d  

i n t o  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s t e r o n e ,  and t e s t o s t e r o n e  (T ab le  7 ) .

A lso , a t  l e a s t  9k% o f  t h e  p r e c u r s o r  was re c o v e re d  a s  u n u t i l i z e d  

p r o g e s te r o n e .  Thus, t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  p r e s e n t  

d u r in g  th e  i n c u b a t io n  o f  th e  a d r e n a l  g la n d s  was n o t  a  l i m i t i n g  f a c t o r ,  

and t h e r e f o r e  th e  t o t a l  amount o f  hormone p roduced  i s  a f u n c t io n  o f  th e  

a c t u a l  r a t e s  o f  p r o d u c t io n .  The r e s u l t s  shown in  T a b le  7 a l s o  i n d i c a t e  

t h a t  i n  a l l  f o u r  c l a s s e s  o f  a n im a ls  s tu d i e d ,  a t  l e a s t  97% o f  th e  

r a d i o a c t i v i t y  p u t  i n t o  th e  system , and s e p a r a te d  by TLC, can be 

a cco u n ted  f o r  i n  th e  i n c o r p o r a t i o n  i n t o  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e ,  

t e s t o s t e r o n e ,  o r  l e f t  u n in c o r p o r a te d  and re c o v e re d  a s  p r o g e s t e r o n e .

Thus, t h e  f i n d i n g s  from b o th  p a p e r  and t h i n - l a y e r  chrom atography  

i n d i c a t e  t h a t  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e ,  and t e s t o s t e r o n e  

r e p r e s e n t  th e  ma.jor a d r e n a l  s e c r e t o r y  p r o d u c ts  p ro d u ced  u n d er  t h e s e  

c o n d i t i o n s  by iri v i t r o  i n c u b a t io n  i n  P .  m a n ic u l a tu s .

Terman ( I 9 6 9 ) found no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  body w e ig h ts  

o f  male o r  fem a le  p o p u la t io n  deerm ice  when compared to  t h e i r  c o n t r o l s .

In  r e c e n t  s t u d i e s  from o u r  l a b o r a t o r y  (A lb e r ts o n ,  B ra d le y ,  and Terman,

1975; Sung, B rad ley ,  and Terman, 1977; Coppes, I 98O; B rad ley  and Terman, 

1981b; P e e b le s ,  1981), t h e  mean body w e ig h ts  o f  b o th  male and fem a le  

p o p u la t io n  an im a ls  were s i g n i f i c a n t l y  l i g h t e r  th an  t h e i r  r e s p e c t i v e  

c o n t r o l s .  B rad ley  and Terman (1981a) found p o p u la t io n  m ales to  have 

low er mean body ’w eigh ts  th a n  c o n t r o l s ,  b u t  p o p u la t io n  fe m a les  o n ly  

ten d ed  (?< 0 .1 )  tow ard l i g h t e r  mean body w e ig h ts .  The body w eigh t d a ta
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from th e  p r e s e n t  s tu d y  compare f a v o r a b ly  w i th  r e c e n t  work i n d i c a t i n g  

t h a t  b o th  male and fe m a le  d ee rm ice  from  t h e  p o p u la t i o n s  had s i g n i f i c a n t l y

w ith  c o n t r o l  a n im a ls .

H igh ly  s i g n i f i c a n t  r e d u c t i o n s  i n  th e  w e ig h ts  o f  r e p r o d u c t iv e  

o rg a n s  o f  p o p u la t io n  d eerm ice  o f  b o th  sex es  have been c o n s i s t e n t l y  

r e p o r t e d  (Terman, 1969; Sung, B ra d ley ,  and Terman, 1977; Coppes, I 98O; 

B rad ley  and Terman, 1981a; 1981b; P e e b le s ,  1981). In  t h i s  s tu d y ,  t h e  

w e ig h ts  o f  p a i r e d  t e s t e s  and sem in a l  v e s i c l e s  in  r e p r o d u c t i v e l y  i n h i b i t e d  

m a le s ,  and u t e r i  and o v a r i e s  i n  r e p r o d u c t i v e l y  i n h i b i t e d  fe m a le s  were 

a l l  s i g n i f i c a n t l y  (P<0.001) l i g h t e r  th a n  th e  c o n t r o l  a n im a ls .  Thus, th e  

c o n d i t i o n s  used  i n  t h i s  ex p e r im en t ,  w h i le  d i f f e r e n t  from  some o f  t h e  

p r e v io u s  s t u d i e s ,  i . e .  l a r g e r  p o p u la t io n  e n c lo s u r e s ,  d i f f e r e n t  l i g h t  

c y c l e s ,  s t i l l  r e s u l t e d  in  th e  same marked r e p r o d u c t iv e  i n h i b i t i o n .

I n c r e a s e s  i n  d e n s i t y  have been a s s o c i a t e d  w ith  in c r e a s e d  in  v i t r o  

a d r e n a l  f u n c t io n  i n  s e v e r a l  s p e c i e s .  S l i c e s  o f  a d r e n a l  g la n d s  from 

house  m ice, t h a t  were s t r e s s e d  by i n c r e a s e d  d e n s i t y ,  and th en  in c u b a te d  

i n  v i t r o ,  show i n c r e a s e d  c o r t i c o s t e r o i d  r e l e a s e  (Varon, T ouchstone , 

and C h r i s t i a n ,  I 966 ) . McCarthy, Green, and Sohal (1978) found i n  r a t s ,
O p

t h a t  a  d e c r e a s e  i n  h o u s in g  sp ace  from 110 cm**/animal to  JO cm ''/a'n im al

p o p u la t io n  d e n s i t y  In  a  n a t u r a l  p o p u la t io n  o f  d e e rm ice ,  and th e  in  v i t r o  

a d r e n a l  s e c r e t i o n  o f  g l u c o c o r t i c o i d s .  However, in  th e  u r e s e n t  s tu d y ,  

a d r e n a l s  in c u b a te d  from p o p u la t io n  male deerm ice  te n d ed  (P<0.1) 

to  have low er a b s o l u t e  c o r t i c o s t e r o n e  p ro d u c t io n  r a t e s  th an  c o n t r o l  

m ales ,  b u t  t h i s  d i f f e r e n c e  d is a p p e a re d  when e x p re sse d  r e l a t i v e  to

(P <0.01 , P<0.001 r e s p e c t i v e l y )  l i g h t e r  mean body w e ig h ts  compared

r e s u l t e d  in  an e l e v a t i o n  o f  t h e  1 - h y d r o x y la t io n  r e a c t i o n .  

Andrews and Belknap (1979) found  a p o s i t i v e  c o r r e l a t i o n  between
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a d r e n a l  mass. T here  was no d i f f e r e n c e  seen  i n  t h e  amount o f  deoxy­

c o r t i c o s t e r o n e  p roduced  by t h e  in c u b a te d  a d r e n a l  g la n d s  o f  male 

d e e rm ice  (T ab le  3)* P o p u la t io n  fe m a le s  p roduced  s i g n i f i c a n t l y  (P<0 .01) 

more d e o x y c o r t i c o s te r o n e  th a n  c o n t r o l  f e m a le s ,  b u t  t h i s  d i f f e r e n c e  

d id  n o t  e x i s t  when e x p re s s e d  p e r  u n i t  w e ig h t  o f  a d r e n a l  t i s s u e .

A lso ,  t h e r e  was no d i f f e r e n c e  i n  t h e  r a t e  o f  p r o d u c t io n  o f  c o r t i c o s t e r o n e  

by fe m a le  d eerm ice  a d r e n a l  i n c u b a t e s .  C o n tro l  f e m a le s ,  b u t  n o t  

p o p u la t io n  fe m a le s ,  showed a s i g n i f i c a n t  (fKO.0 5 ) and p o s i t i v e  

c o r r e l a t i o n  betw een a d r e n a l  w e ig h t  and th e  amount o f  c o r t i c o s t e r o n e  

p ro d u ced . T h is  i n d i c a t e s  t h a t  th e  a d r e n a l  g la n d s  o f  t h e  c o n t r o l  fe m a le s  

show an i n c r e a s e  i n  c o r t i c o s t e r o n e  p r o d u c t io n  a s  w e ig h t  i n c r e a s e s ;  

a p r o c e s s  w e l l  documented i n  mice (B ronson, 1965; Louch and H igginbotham , 

1967; B ra in  and Nowell, 1971a; 1971b; C h r i s t i a n ,  1975)» The a d r e n a l s  

o f  p o p u la t io n  f e m a le s  a r e  r e f r a c t o r y  to  an i n c r e a s e  i n  a d r e n a l  

c o r t i c o s t e r o n e  p r o d u c t io n .

There was no difference observed in the production rate of the 

two major glucocorticoids per unit mass of adrenal tissue in either 
male or female P, maniculatus population inhibited animals compared 
with reproductively capable controls. The difference in this finding, 

and those in a similar study of a natural population o^ deermice 
(Andrews and Belknap, 1979) may be due to the trauma of capture that 
occurs when a natural population is used. Even though the animals 

from the natural population were brought to the laboratory and held for 

three days before being sacrificed, the effect of handling and 
artificial surroundings may still have caused an increased release 

of glucocorticoids from their incubated adrenals.
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Work h a s  been  done on t h e  q u e s t i o n  o f  w h e th er  r e p r o d u c t iv e  

s u p p re s s io n  i s  due to  th e  d i r e c t  e f f e c t  o f  ACTH, o r  i n d i r e c t l y  

th ro u g h  th e  g l u c o c o r t i c o i d s .  P a s le y  and C h r i s t i a n  (1972) found  

t h a t  ACTH a d m i n i s t r a t i o n  cau sed  d e c re a se d  t e s t i s  and sem in a l  v e s i c l e  

w e ig h ts  i n  a d re n a le c to m iz e d  P e ro n y scu s  l e u c o p u s . However, in  a  

s i m i l a r  ex per im en t u s in g  exogenous ACTH a d m i n i s t r a t i o n  Saez e t  a l . 

(1977) found  no r e d u c t io n  o f  p lasm a t e s t o s t e r o n e  i n  a d re n a le c to m iz e d  

r a t s .  S ch a iso n ,  Durand, and Mowszowicz (1973) showed t h a t  t r e a tm e n t  

w ith  dexam ethasone, a s y n t h e t i c  g l u c o c o r t i c o i d ,  and ACTH cau sed  a 

d e c r e a s e  in  p lasm a t e s t o s t e r o n e  i n  man, b u t  m etyrapone t r e a t m e n t s ,  

which cau se  e l e v a t e d  ACTH l e v e l s  w h ile  b lo c k in g  c o r t i s o l  p r o d u c t io n ,  

d id  n o t  change t h e  c o n c e n t r a t i o n  o f  t e s t o s t e r o n e .  High l e v e l s  o f  

exogenous g l u c o c o r t i c o i d s  have been fo und  to  c au se  d e c r e a s e d  plasm a 

t e s t o s t e r o n e  (D o e rr  and P i r k e ,  1975) and d e c r e a s e d  t e s t o s t e r o n e  

s e c r e t i o n  ( l l a g r in i  e t  a l , ,  1978; Welsh, McGraw, and Johnson , 1979). 

O ther  r e p o r t s  on o t h e r  s p e c ie s  have shown a  d e c r e a s e d  l e v e l  o f  p lasm a 

t e s t o s t e r o n e  i n  t h e  h y p e r g lu c o c o r t i c o i d  s t a t e ,  w i th o u t  low er p lasm a 

LH ( B e i t i n s  e t  a l . , 1973; I r v i n e  e t  a l . , 197^5 McKenna e t  a l . ,  1979)* 

Sung, B rad ley ,  and Terman (1977) and B rad ley  and Terman (1981a) 

found  h ig h e r  l e v e l s  o f  serum c o r t i c o s t e r o n e  i n  r e p r o d u c t i v e l y  i n h i b i t e d  

P . m a n ic u la tu s  w i th o u t  a  concomm itant i n c r e a s e  i n  adx 'enal w e ig h t .

Coppes (1980) found  t h a t  ACTH a d m i n i s t r a t i o n  caused  a d r e n a l  h y p e r tro p h y  

in  male d e e rm ice ,  b u t  he a l s o  found no s.igni.'r l e a n t  d i f f e r e n c e  in  

p lasm a ACTH l e v e l s  between p o p u la t io n  and c o n t r o l  male d ee rm ice .

A lso , th e  a d r e n a l  u l t r a s t r u c t u r e  of  p o p u la t io n  male deerm ice  ^ui’t h e r  

suggested, th e  la c k  o f  e le v a te d  ACTH l e v e l s  i n  p o p u la t io n  male d ee rm ice .  

B rad ley  and Terman (1981c) found s i g n i f i c a n t l y  lo w er  c o n c e n t r a t i o n s  o f
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t e s t o s t e r o n e  in  p o p u la t i o n  male d e e rm ice ,  t h a t  were presum ed to  have 

e l e v a te d  l e v e l s  o f  serum c o r t i c o s t e r o n e .  In  a n o th e r  ex p e r im en t ,

(B rad ley  and Terman, 1981b) serum LH c o n c e n t r a t i o n s  were n o t  s i g n i f i c a n t l y 1 

d i f f e r e n t  among male d e e rm ic e .  S in ce  ACTH l e v e l s  a p p e a r  n o t  to  be 

e l e v a te d  in  p o p u la t io n  male d ee rm ice ,  i t  i s  p o s s i b l e  t h a t  th e  r e p r o d u c t iv e  

i n h i b i t i o n  seen i n  male d e e rm ice  may be due to  a  h ig h  serum c o r t i c o ­

s t e r o n e  c o n c e n t r a t i o n ,  and n o t  due to  d i r e c t  i n h i b i t i o n  by ACTH.

However, s in c e  t h e  p ro d u c t io n  o f  a d r e n a l  g l u c o c o r t i c o i d s  m easured i n  

t h i s  s tu d y  a p p e a r  n o t  to  be e l e v a te d  i n  p o p u la t io n  m a le s ,  some o t h e r  

c au se  f o r  t h e  h ig h  serum c o r t i c o s t e r o n e  c o n c e n t r a t i o n s  found  i n  male 

P . m a n ic u la tu s  may e x i s t .

P e e b le s  (1981) found  t h a t  r e p r o d u c t i v e l y  i n h i b i t e d  male deerm ice  

had a s i g n i f i c a n t l y  lo w e r  mean serum th y r o x in e  c o n c e n t r a t i o n  th a n  

c o n t r o l  m ales, and i n h i b i t e d  fe m a le s  ten d ed  to  a l s o  have  red u ced  

th y r o x in e  l e v e l s .  I f  t h e s e  l e v e l s  r e f l e c t  h y p o th y ro id ism ,  t h a t  

c o n d i t io n  may c o n t r i b u t e  to  th e  e l e v a te d  c o r t i c o s t e r o n e  l e v e l s  seen  

in  p o p u la t io n  d e e rm ice ,  s in c e  low th y r o x in e  l e v e l s  a r e  known to  

red u c e  c o r t i c o s t e r o n e  c a ta b o l i s m  and e x c r e t i o n  (Brown, E n g l e r t ,  

and t f a l la c h ,  1958; P e te r s o n ,  1958; H i l l e r  e t  a l . , 197 0 ).  I t  has  

been su g g e s te d  however t h a t  low th y r o x in e  l e v e l s  may be a r e s u l t  

o f  in c r e a s e d  g l u c o c o r t i c o i d  l e v e l s ,  and n o t  th e  c au se  (O ts u k i ,  Dakoda, 

and Baba, 1973; Pam enter  and Hedge, 1980),

A nother f a c t o r  t h a t  may a l lo w  in c r e a s e d  serum c o r t i c o s t e r o n e  

l e v e l s  w i th o u t  an i n c r e a s e d  r a t e  o f  a d r e n a l  p ro d u c t io n  i s  th e  p re s e n c e  

o f  e l e v a te d  c o r t i c o s t e r o i d  b in d in g  .g lobu lin  (CBG) l e v e l s .  Serum 

t e s t o s t e r o n e  l e v e l s  f ro n  i n h i b i t e d  male deerm ice  have been found 

to  be s ig n i f i c a n t ! ; / '  lo w er  th a n  c o n t r o l s  (B rad ley  and Terman, 1981c) .
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Following castration in male rats, GBG activity is increased (Gala 

and Westphall, I 9 6 5 ) ,  and in hypogonadal men, the elevated GBG 

production is inhibited by exogenous testosterone (Kley et al.,

1973)* The present study shows a significant (R<0.01) positive 
correlation in control males between seminal vesicle weight and adrenal 

testosterone produced ini vitro. However, the seminal vesicles of 

reproductively inhibited males appear to be refractory to a similar 
adrenal testosterone concentration (Appendix A); presumably because 

of the lower testicular androgen production. Thus, in the hypogonal 

state of the population male deermice, GBG levels may be elevated.
Sandberg and Slaunwhite ( I 9 6 3 )  found that corticosterone bound to 
GBG is protected from liver catabolism, and therefore GBG elevation 
could be contributing to the higher serum corticosterone levels found 
in male reproductively inhibited deermice. It is apparent that 

further work needs to be done to determine the cause(s) of the 
elevated circulating serum corticosterone concentration seen in population 

male deermice. Measurement of GBG activity and the liver catabolism 

of corticosterone needs to be investigated.

While there was no difference in the production rate of deoxy­

corticosterone by the adrenal incubation in male deermice, deoxycorticosterone 

was significantly (FKO.Ol) and positively correlated with seminal 
vesicle weight in population males, but not in controls (Appendix A).
This could indicate that deoxycorticosterone may play a role in the 

regulation of reproduction in population males via some other mechanism.
Another important finding in the present study is the significantly 

(P<0.01) elevated adrenal production of testosterone by reproductively 

inhibited female deermice. This difference remained significant
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(P< 0 .0 1 )  when e x p re sse d  p e r  u n i t  w e igh t o f  a d r e n a l  and "body t i s s u e .

In  a d d i t i o n ,  t h e  s i g n i f i c a n t  ( R < 0 .0 5 )  n e g a t iv e  c o r r e l a t i o n  between 

t h e  amount o f  t e s t o s t e r o n e  produced  "by a d r e n a l  i n c u b a t io n  and o v a r ia n  

w e ig h t  seen  in  th e  i n h i b i t e d  fe m a le s ,  b u t  n o t  i n  c o n t r o l  f e m a le s ,  

s u g g e s t s  th e  p re s e n c e  o f  an im p o r ta n t  c o n t r o l  mechanism. A drena l 

a n d ro g en s ,  a s  w e l l  a s  e s t r o g e n s  and p r o g e s t i n s ,  may a c t  a s  n e g a t iv e  

feed b ack  i n h i b i t o r s  o f  g o n a d o tro p h in  s e c r e t i o n  a t  t h e  l e v e l  o f  th e  

p i t u i t a r y  (D u c k e t t ,  Varon, and C h r i s t i a n ,  1963; Varon an8. C h r i s t i a n ,  

1963; C h r i s t i a n  and D av is ,  1964; C h r i s t i a n ,  L loyd, and D av is ,  1965; 

Andrews e t  a l . , 1972; Andrews, 1977). Im m o b i l iz a t io n  s t r e s s  a b o l i s h e s  

th e  p u l s a t i l e  r e l e a s e  o f  LH (B lake , 1975)* B rad ley  and Terman 

(1981b) found  th e  mean serum LH c o n c e n t r a t i o n  o f  p o p u la t io n  fem ale  

d eerm ice  to  be s i g n i f i c a n t l y  low er th a n  c o n t r o l  f e m a le s ,  due most 

l i k e l y  to  th e  f a i l u r e  o f  t h e s e  fe m a le s  to  undergo an LH s u rg e .  A lso , 

t h e r e  was no d i f f e r e n c e  i n  t h e  number o f  Type 6 and 7 f o l l i c l e s ,  o r  

i n  th e  number o f  an im a ls  h av in g  th e s e  f o l l i c l e s  among p o p u la t io n  and 

c o n t r o l  fe m a le s .  There  were s i g n i f i c a n t l y  few er  Type 8 f o l l i c l e s  found 

i n  p o p u la t io n  fe m a le s .  I n  view o f  a l l  t h i s ,  i t  a p p e a r s  t h a t  o v a r ia n  

i n h i b i t i o n  seen  in  p o p u la t io n  fem ale  deerm ice  o c c u r s  a t  a  l a t e  s t a g e  

i n  f o l l i c u l a r  deve lopm en t.  R iv a ro la  e t  a l . , ( I 966) and H a j j a r ,  H i l l ,  

and Samaan (1975) found t h a t  exogenous ACTH i n c r e a s e s  a d r e n a l  androgen 

p r o d u c t io n .  C i r c u l a t i n g  ACTH and t e s t o s t e r o n e  c o n c e n t r a t i o n  have n o t  

been i n v e s t i g a t e d  in  fem a le  P . m a n ic u la tu s . However, w ith  th e  c u r r e n t  

f i n d i n g  t h a t  th e  a d r e n a l  p ro d u c t io n  r a t e  o f  t e s t o s t e r o n e  i s  e le v a te d  

i n  -popula tion  fe m a le s ,  I t  i s  i n t e r e s t i n g  to  s p e c u la t e  t h a t  th e  cause  

o f  r e p r o d u c t iv e  i n h i b i t i o n  in  fem a le  deerm ice  i s  an e le v a te d  serum
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c o n c e n t r a t i o n  o f  t e s t o s t e r o n e  from an a d r e n a l  so u rc e  n e g a t i v e l y  

i n h i b i t i n g  th e  r e l e a s e  o f  LH, c a u s in g  a f a i l u r e  o f  o v u la t io n .

D ecreased  LH l e v e l s  have a l s o  been  a s s o c i a t e d  w ith  in c r e a s e d  

g l u c o c o r t i c o i d  l e v e l s  (Luton j r t  a l . , 1977; Welsh, McCraw, and Johnson , 

^979)* F u r th e r ,  t h e s e  low er LH l e v e l s  may be due to  a  d e c r e a s e d  

p i t u i t a r y  r e s p o n s iv e n e s s  to  LH-RH (B o cco zz i ,  e t  a l . , 1975; Sakakura ,

Takebe, and Nakagawa, 1975; Luton e t  a l . , 1977)• Serum c o r t i c o s t e r o n e  

l e v e l s  a r e  e l e v a t e d  i n  p o p u la t io n  fe m a le  d eerm ice  (Sung, B rad ley ,  

and Terman, 1977; B rad ley  and Terman, 1981a).  A b so lu te  a d r e n a l  

d e o x y c o r t i c o s te r o n e  p r o d u c t io n  i s  e l e v a t e d  i n  c o n t r o l  f e m a le s ,  even 

though  t h i s  d i f f e r e n c e  d i s a p p e a r s  a f t e r  e x p re s s io n  r e l a t i v e  to  a d r e n a l  

mass (T ab le  5 )• D e o x y c o r t ic o s te ro n e  p ro d u c t io n  was found to  be 

s i g n i f i c a n t l y  (R 'CO.0 5 ) and n e g a t i v e l y  c o r r e l a t e d  w i th  u t e r i n e  w e ig h t  

i n  p o p u la t io n  f e m a le s ,  b u t  s i g n i f i c a n t l y  (R ^ O .O l)  and p o s i t i v e l y  

c o r r e l a t e d  i n  c o n t r o l  f e m a le s  (Appendix B ) . C o n seq u en tly ,  th e  more 

a d r e n a l  d e o x y c o r t i c o s te r o n e  p roduced  i n  p o p u la t io n  fem a le  d ee rm ice ,  

t h e  low er t h e  u t e r i n e  w e ig h t .  However i n  c o n t r o l  f e m a le s ,  i n c r e a s e d  

d e o x y c o r t i c o s te r o n e  p ro d u c t io n  r e s u l t e d  i n  i n c r e a s e d  u t e r i n e  w e ig h t .

Because o f  t h i s  marked d i f f e r e n c e  i n  t h e  e f f e c t  o f  d e o x y c o r t i c o s te r o n e  

on th e  u t e r i n e  w eigh t o f  c o n t r o l  and p o p u la t io n  d e e rm ice ,  i t  i s  p o s s i b l e  

t h a t  d e o x y c o r t i c o s te r o n e  may p la y  a  r o l e  in  th e  r e p r o d u c t iv e  i n h i b i t i o n  

seen  in  p o p u la t io n  fe m a le s .  The serum c o n c e n t r a t i o n  o f  d e o x y c o r t i c o s te r o n e  

n eeds  to  be i n v e s t i g a t e d  i n  o r d e r  to  s ee  i f  d e o x y c o r t i c o s te r o n e  i s  

add ing  to  th e  a l r e a d y  e l e v a te d  c o r t i c o s t e r o n e  l e v e l s  found in  p o p u la t io n  

fe m a le s .  A lso , f u r t h e r  s tudy  on th e  l e v e l s  o f> ACT:: and t e s t o s t e r o n e  in  

fem ale  d eerm ice  needs  to  be done to  d e te rm in e  i f  i n h i b i t i o n  i s  due to  an 

a s  y e t  und e te rm in ed  e le v a te d  ACTH l e v e l ,  o r  to  th e  e le v a te d  g l u c o c o r t i c o i d  

p o o l .
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P a p e r  chrom atography  and r a d i o a c t i v e  s c a n n in g  p ro c e d u r e s  i n d i c a t e  

t h a t  a d r e n a l  g la n d s  o f  p o p u la t i o n  and c o n t r o l  male and  fem a le  

d e e rm ice  p roduce  s t e r o i d  hormones t h a t  a r e  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  

i n  c h a r a c t e r .  The m ajo r a d r e n a l  s e c r e t o r y  p r o d u c ts  a r e  c h r o m a to g ra p h ic a l ly  

a s s o c i a t e d  w ith  c o r t i c o s t e r o n e ,  d e o x y c o r t i c o s te r o n e ,  and t e s t o s t e r o n e .

The in  v i t r o  a d r e n a l  p ro d u c t io n  r a t e s  o f  c o r t i c o s t e r o n e ,  deoxy­

c o r t i c o s t e r o n e ,  and t e s t o s t e r o n e  were 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  

between c o n t r o l  and p o p u la t io n  m ales . Thus, som eth ing  o t h e r  th a n  

an i n c r e a s e d  a d r e n a l  g l u c o c o r t i c o i d  p ro d u c t io n  r a t e  i s  p ro b a b ly  

in v o lv e d  i n  m a in ta in in g  th e  e l e v a t e d  serum c o r t i c o s t e r o n e  l e v e l s  

found  i n  male P_̂_ m a n ic u la tu s . However, p o p u la t io n  fe m a le s  had an 

i n c r e a s e d  a d r e n a l  in c u b a t io n  p ro d u c t io n  r a t e  o f  t e s t o s t e r o n e  compared 

to  c o n t r o l  f e m a le s .  A lso , t e s t o s t e r o n e  p ro d u c t io n  was s i g n i f i c a n t l y  

n e g a t i v e l y  c o r r e l a t e d  w ith  o v a r ia n  w eigh t i n  p o p u la t io n  fe m a le s ,  

b u t  n o t  i n  c o n t r o l  f e m a le s .  C o r t i c o s t e r o n e  and d e o x y c o r t i c o s t e r o n e  

p ro d u c t io n  r a t e s  were 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  betw een fem a le  

p o p u la t io n  and c o n t r o l  d ee rm ice ,  even though  c o r t i c o s t e r o n e  l e v e l s  

have p r e v io u s ly  (Sung, B ra d ley ,  and Terman, 1977; B ra d ley  and Terman,

1981a) been found to  be e l e v a t e d  i n  fem ale  p o p u la t io n  a n im a ls .  The 

e l e v a t e d  g l u c o c o r t i c o i d  p o o l  i s  p ro b a b ly  c o n t r i b u t i n g  to  th e  r e p r o ­

d u c t iv e  i n h i b i t i o n  seen  i n  male and fem a le  d e e rm ice .  However,

39
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i n  r e p r o d u c t i v e l y  i n h i b i t e d  fem a le  d e e rm ic e ,  i t  i s  p o s s i b l e  t h a t  an 

a d d i t i o n a l  mechanism in v o lv in g  ACTH which h a s  y e t  to  be  i n v e s t i g a t e d  

and a d r e n a l  t e s t o s t e r o n e  e x i s t s .  E le v a te d  ACTH l e v e l s  may prom ote 

an i n c r e a s e  i n  t h e  p ro d u c t io n  o f  a d r e n a l  t e s t o s t e r o n e .  T h is  i n c r e a s e d  

p r o d u c t io n  may e l e v a t e  serum t e s t o s t e r o n e  c o n c e n t r a t i o n s ,  r e s u l t i n g  

i n  a  n e g a t i v e  i n h i b i t i o n  o f  LH r e l e a s e ,  and c a u s in g  a  f a i l u r e  o f  

o v u l a t i o n .
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