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Effect of  Age ,  Sex ,  H y p o p h y s e c t o m y  and G o n a d -  
e c t o m y  on  P l a s m a  C o r t i c o s t e r o n e  Leve l s  and  
A d rena l  W e i g h t s  F o l l o w i n g  the  A d m i n i s t r a t i o n  

of  A C T H  and S tre s s  ~ 

T h e  p r e s e n c e  o f  t h e  p i t u i t a r y  is g e n e r a l l y  c o n s i d e r e d  t o  
be  n e c e s s a r y  b o t h  for  t h e  d e v e l o p m e n t  of  h i g h  b l o o d  p r e s -  
s u r e  a n d  c a r d i o v a s c u l a r  l e s i ons  f o l l o w i n g  t h e  a d m i n i s t r a -  
t i o n  of  d e s o x y c o r t i c o s t e r o n e  (DOCA) .  O n  t h e  o t h e r  h a n d ,  
D O C A  h y p e r t e n s i o n  m a y  be  p r o d u c e d  in  h y p o p h y s e c t o -  
m i z e d  r a t s  (HALL e t  al.  2). T h i s  a p p a r e n t  d i s c r e p a n c y  w a s  
a t t r i b u t e d  to  a n  i n h e r e n t  s e x  d i f f e r e n c e  s i n c e  t h e  l a t t e r  
w o r k e r s  h a d  u s e d  f e m a l e  r a t s  in  t h e i r  s t u d i e s .  

GLENISTER a n d  YATES a h a v e  r e p o r t e d  a s e x  d i f f e r e n c e  
in  c o r t i c o s t e r o n e  m e t a b o l i s m  in  t h e  r a t .  T h u s ,  f o l l o w i n g  
s t r e s s  a n d  A C T H  a d m i n i s t r a t i o n ,  f e m a l e  r a t s  r e s p o n d e d  
w i t h  h i g h e r  p l a s m a  c o r t i c o s t e r o n e  l eve l s  t h a n  d i d  m a l e  
r a t s  (KITAI4). T h e  l a t t e r  a u t h o r  i n t e r p r e t e d  t h i s  f i n d i n g  
as  a m a n i f e s t a t i o n  o f  g r e a t e r  s e n s i t i v i t y  of  t h e  f e m a l e  
p i t u i t a r y  t o  s t r e s s  w i t h  r e s p e c t  to  A C T H  re lease .  T h i s  
a r g u m e n t ,  h o w e v e r ,  m a y  h a r d l y  be  i n v o k e d  in  h y p o -  
p h y s e c t o m i z e d  r a t s  w h i c h  a r e  o b v i o u s l y  d e f i c i e n t  in t h e i r  
g o n a d a l  s e c r e t i o n s .  Ye t ,  in  v i t r o  s t u d i e s  (TROOP a n d  
POSSANZA 5) h a v e  s h o w n  d i f f e r e n c e s  in  c o r t i c o s t e r o i d  s y n -  
t h e s i s  e v e n  in  g o n a d e c t o m i z e d  r a t s .  F u r t h e r m o r e ,  SELYE 
e t  al. s a n d  SELYE a n d  CoLLIP 7 h a v e  s h o w n  t h a t  t h e  a d -  
m i n i s t r a t i o n  of  e s t r o g e n  to  h y p o p h y s e c t o m i z e d  r a t s  d id  
n o t  a f f e c t  a d r e n a l  w e i g h t  w h i l e  i t  d id  so  in  i n t a c t  r a t s .  
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y  SUCHOWSKVS. 

T h e  p r e s e n t  s t u d i e s  we re  u n d e r t a k e n  t o  i n v e s t i g a t e  
a d r e n a l  r e s p o n s i v e n e s s  in  t e r m s  of p l a s m a  c o r t i c o s t e r o n e  
a n d  a d r e n a l  w e i g h t  (a) in  h y p o p h y s e c t o m i z e d  m a l e  a n d  
f e m a l e  m a t u r e  a n d  i m m a t u r e  r a t s ,  a n d  (b) m a l e  a n d  
f e m a l e  i m m a t u r e  g o n a d e c t o m i z e d  r a t s .  

(a) Response o/ hypophysectomized male and [emale 
mature and immature rats to A C T H .  100 m a l e  a n d  100 
f e m a l e  S p r a g u e  D a w l e y  r a t s  we re  t r e a t e d  in  t h e  fo l l owing  
m a n n e r :  G r o u p s  1 -5  c o n s i s t e d  of  i m m a t u r e  (50 -60  g b o d y  
w e i g h t )  r a t s  a n d  w e r e  h y p o p h y s e c t o m i z e d  48 h p r i o r  to  
i n j e c t i o n .  G r o u p  1 s e r v e d  as  n o n - i n j e c t e d  c o n t r o l s  a n d  
were  s ac r i f i ced  a t  0 h.  T h e  a n i m a l s  o f  g r o u p s  2 - 5  we re  
i n j e c t e d  w i t h  2 I . U .  A C T H  ( A c t h a r - G e l )  a n d  s a c r i f i c e d  b y  
d e c a p i t a t i o n  a t  i n t e r v a l s  of  i/~, 1, 3, a n d  6 h r e s p e c t i v e l y .  
B l o o d  w a s  co l l e c t ed  in  h e p a r i n i z e d  b e a k e r s ,  c e n t r i f u g e d ,  

a n d  p l a s m a  c o l l e c t e d  a n d  f rozen .  T h e  a d r e n a l s  we re  e x -  
c i s ed  a n d  w e i g h e d .  P l a s m a  f l u o r e s c e n t  m a t e r i a l  w a s  
d e t e r m i n e d  b y  t h e  m e t h o d  of  ZENKER a n d  BERNSTEIN 9 
G r o u p s  6 - 1 0  c o n s i s t e d  of  m a t u r e  r a t s  ( 2 0 0 - 2 2 0  g b o d y  
w e i g h t )  a n d  we re  t r e a t e d  in  a n  a n a l o g o u s  m a n n e r .  

T a b l e  I s h o w s  t h a t  t h e  a d m i n i s t r a t i o n  o f  A C T H  to  i m -  
mature h y p o p h y s e c t o m i z e d  f e m a l e  a n d  m a l e  r a t s  ( g r o u p s  
1-5)  r e v e a l e d  n o  s e x  d i f f e r e n c e  in  t h e  s e c r e t o r y  p a t t e r n  of  
c o r t i c o s t e r o n e .  T h i s  is r e f l e c t e d  a l so  in  t h e  a l m o s t  i d e n t i -  
ca l  w e i g h t s  o f  t h e  a d r e n a l  g l a n d s .  A d m i n i s t r a t i o n  of  
A C T H  to  mature r a t s  ( g r o u p s  6 -10) ,  h o w e v e r ,  r e s u l t e d  in  
s t r i k i n g  c h a n g e s .  1/2 h a f t e r  i n j e c t i o n ,  t h e  f e m a l e  r a t s  
s h o w e d  a h i g h l y  s i g n i f i c a n t  e l e v a t i o n  o f  p l a s m a  co r t i co -  
s t e r o n e  w h e n  c o m p a r e d  w i t h  t h e  m a l e  a n i m a l s ;  t h i s  d i f -  
f e r e n c e  b e c a m e  neg l i g ib l e  a f t e r  1 h ,  o n l y  to  be  h i g h l y  
s i g n i f i c a n t l y  g r e a t e r  a g a i n  a t  t h e  3 h i n t e r v a l .  A t  a l l  i n t e r -  
v a l s  of  sac r i f i ce ,  t h e  a d r e n a l  g l a n d s  s h o w e d  t h e  wel l -  
k n o w n  s e x  d i f f e r e n c e  in  w e i g h t .  

(b) Response of male and [emale immature gonadecto- 
mized rats to bilateral tibial [racture. 50 m a l e  a n d  50 f e m a l e  
i m m a t u r e  S p r a g u e - D a w l e y  r a t s  w e r e  g o n a d e c t o m i z e d  
s h o r t l y  a f t e r  w e a n i n g  ( b o d y  w e i g h t  5 0 - 6 0  g). W h e n  t h e y  
r e a c h e d  m a t u r i t y  ( 2 0 0 - 2 2 0  g b o d y  w e i g h t )  t h e y  w e r e  
d i v i d e d  i n t o  5 g r o u p s  e a c h  a n d  t r e a t e d  in  t h e  f o l l o w i n g  
m a n n e r :  G r o u p  1 (male )  a n d  G r o u p  6 ( f emale )  s e r v e d  a s  
zero  t i m e  c o n t r o l s ;  t h e s e  a n i m a l s  we re  k i l l ed  b y  d e c a p i t a -  
t i o n  a n d  b lood  c o l l e c t e d  as  d e s c r i b e d  a b o v e  (a). G r o u p s  2 
(male)  a n d  7 ( female )  w e r e  a n e s t h e t i z e d  w i t h  e t h e r  a n d  
t h e i r  t i b i a e  a n d  f i b u l a e  f r a c t u r e d  b i l a t e r a l l y .  30 m i n  
t h e r e a f t e r ,  t h e y  we re  s a c r i f i c e d  a n d  t r e a t e d  l ike t h e  
a n i m a l s  of  g r o u p s  1 a n d  6. G r o u p  3 (ma les )  a n d  g r o u p  8 
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Table I. Plasma corticosterone (/zg/100 ml) 

hnmatu re  rats Mature rats 

Time of Group Males Females Group Males Females 
sacrifice (h) No. No. 

0 1 4.5* -E 0.60 3.1 =L 0.45 6 2.4 i 0.13 2.9 4- 0.61 
0.5 2 25.2 q- 1.13 26.3 i 1.55 7 21.1 a i 1.86 34.2 b ~ 2.32 
1 3 35.0 ~- 2.10 36.8 ~ 4.46 8 34.5 • 2.01 37.3 i 2.17 
2 4 43.3 • 2.62 48.7 ~- 4.09 9 38.7 c ~ 1.80 52.3a i 2.44 
3 5 37.9 • 3.46 41.2 ~2 3.02 10 36.7 • 1.81 31.9 • 3.33 

Adrenal weight (rag) 
0 1 9.9 i 1.16 12.0 ~ 0.40 6 20. le i 0.83 28.6 r -t= 1.54 
0.5 2 11.1 • 0.30 13.2 t 0.57 7 19.6g i 0.79 30.4 h • 0.69 
1 3 10.8 • 0.32 12.1 -t= 0.44 8 19.5i =~ 0.78 30.8J -4- 1.48 
3 4 10.7 • 0.45 10.9 ~ 0.24 9 19.1 k i 0.41 31.01 i 0.81 
6 5 10.2 ~- 0.45 12.6 ~= 0.48 10 20.7 m i 0.66 29.0 n j_ 0.70 

* Mean • S.E.M. a vs b, c VS d, e VS f, g VS h, i VS J, k VS 1, llx VS n: p < 0.001. 

Plasma eortieosterone levels and adrenal weights of hypophyseetomized immature and mature nmle and female rats. Groups 1 and 6 were 
non-injected controls, Groups 2-5 and 7-10 were injected with ACTH and sacrificed at the times indicated. 
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(females) were t r e a t ed  s imilar ly bu t  sacrificed 1 h af ter  
f rac ture ;  group 4 (males) and  group 9 (females) were 
sacrificed 3 h, and  groups 5 (males) and  10 (females) were 
sacrificed 6 h af ter  t ibial  f racture .  At  sacrifice, the  adre-  
nals were also excised and  weighed. 

Table I I  shows t h a t  the  mean  baseline level of p la sma  
cor t icos terone was ident ical  in male and  female gonadec-  
tomized  rats.  1/2 h af ter  t ibial  f rac ture  no sex difference 
was observed in the  mean  p lasma  cor t icos terone levels. 
At  1 h and  thereaf te r ,  however ,  mean  levels were signifi- 
can t ly  grea te r  in the  female t h a n  in the  male rats.  The 
lesser response  of the  male cas t r a t ed  ra ts  is ref lected also 
in the  adrena l  weights .  

The above resul ts  conf i rm the  f indings of o thers  
(COURRIER et  al. 1~ 14~ITAI 4) regard ing  the  grea te r  sensi-  
t i v i ty  of the  female adrena l  gland to exogenous and  per-  
haps  also endogenous  ACTH. This difference,  however ,  
was found  in m a tu r e  ra ts  only. 

The grea ter  size of the  female adrenal  gland (HATA111,12) 
has suggested the  exis tence of a difference be tween  male 
and  female adrena l  func t ion  also. Thus,  ova r i ec tomy  re- 
sul ted in adrena l  a t r o p h y  (ANDERSEN and KENNEDY 18, 
FREUDENBERGER and HASHIMOTO 14) and  r ep lacemen t  
wi th  es t rogen in such animals  p r even t ed  th is  (CARTER15). 
Whi le  s tudies  on p lasma  cor t icos terone levels had  been 

Table II. Plasma corticosterone (/zg/100 ml) 

Time of Group Male rats Group 
sacrifice No. No. 
(h) 

Female rats 

0 1 9.1 ~ -t- 1.35 6 8.0 4- 1.50 
0.5 2 56.8 4- 2.37 7 62.8 4- 4.30 
1 3 60.2 c 4- 6.34 8 86.2 d -t- 2.53 
3 4 57. 3e i 3.70 9 78.5 f 4- 3.35 
6 5 53.5g 4- 3.35 10 73.5 h 4- 2.43 

Adrenal weight (rag) 
0 1 53.9 i 1.45 6 56.6 ~= 1.88 
0.5 2 44.5 i 4- 1.53 7 55.0] • 1.84 
1 3 43.5 k -4- 1.03 8 52.81 4- 2.92 
3 4 47.9 m 4- 1.11 9 55.3 n 4- 1.45 
6 5 48.0 ~ 4- 1.49 10 56.8P 4- 2.56 

Mean :t: S.E.M. Cvsd, kvs 1, o VS P = p ~  0.01; eVS f, g v s h  
i VS J, In VS n = p ~ 0.001. 

Table II. Plasma corticosterone levels and adrenal weights of male 
and female rats that were gonadectomized shortly after weaning. 
Groups 1 and 6 served as unstressed controls. Groups 2-5 and 7-10 
were subjected to bilateral tibial and fibular fracture and sacrificed 

at the times indicated. 

r epor ted  for i n t ac t  male and  female ra t s  4, and had  shown 
greater  levels in the  females,  no such s tudies  have  been  
per fo rmed  in gonadec tomized  rats.  In  the  p resen t  s tudy,  
there  was no evidence of a sex difference ill the  basel ine 
level of p la sma  cor t icos terone  of non-s t ressed,  gonadec to-  
mized rats.  This  agrees wi th  the  in vi t ro  f indings of 
TRooP and POSSANZA 5 t h a t  male and  female ra t  adrenals  
p roduced  s imilar  quant i t i es  of cort icoid in incuba t ion  for 
2 h. Our f indings fu r ther  suggest  t h a t  gonadec tomy  does 
no t  affect  the  i nhe ren t  sex difference in t e rms  of p l a sma  
cor t icos terone  in response to  stress.  This is in accordance 
wi th  the  f indings on in tac t  males and  females made  by  
KITAI 4 and in cas t r a t ed  males  and spayed  females in 
in vi t ro  s tudies  af ter  the  add i t ion  of ACTH (TRooP and 
POSSANZA 6). 

Thus,  t he  responsiveness  of the  adrenal  gland is no t  
d e p e n d e n t  on gonadal  func t ion  since if it  were, gonadecto-  
m y  would affect  th is  pa t t e rn .  U n d e r  the  c i rcumstances  
the  bes t  i n t e rp re t a t i on  for our  f indings is KITAI'S a concep t  
of grea ter  responsiveness  of the  female adrenal  gland to  
ACTH. 

Zusammen/assung. !n jek t ion  yon 2 I E  ACTH in hypo-  
physek tomie r t e  unreife R a t t e n  beiderlei  Geschlechts :  
kein Gesch lech t sun te r sch ied  des Cor t icos te ron-Plasma-  
Spiegels (CPS). Gleiche Behand lung  yon  weibl ichen 
h y p o p h y s e k t o m i e r t e n ,  geschlechtsre i fen  R a t t e n :  I/2 h 
nach  der  In j ek t ion  berei ts  h6herer  CPS. Kast r ier te ,  weib-  
liche unbe las te te  R a t t e n  zeigten keinen Unte rsch ied  in 
der  H6he  des CPS gegeniiber  kas t r ie r ten ,  unbe las t e t en  
m~nnl ichen R a t t e n .  Nebenn ie ren -Be las tung  solcher weib-  
l icher 1Ratten du rch  bi la terale  F r a k t u r  der  Tibiae und  
Fibulae:  h6here r  CPS 1, 3 und  6 h nach  Frak tur .  Die 
Befunde  d eu t en  darauf  bin, dass  die weibliche Nebenniere  
eine gr6ssere Empf ind l i chke i t  fiir ACTH-Wirkung  hat .  
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D I S P U T A N D U M  

T h e  I n f l u e n c e  o f  t h e  T h y m u s  o n  

R a d i o g o l d  C l e a r a n c e  

MILLER was the  f i rs t  to  po in t  out  the  p r i m a r y  role of 
the  t h y m u s  in i m m u n i t y  1. Numerous  expe r imen t s  have  
since conf i rmed t h a t  t h y m e c t o m y  of new-born  mice or 
t h y m e c t o m y  of adul t  animals  combined  wi th  who le -body  
i r rad ia t ion  or cy tos t a t i c  agents  results  in immunologica l  

def ic iency 2. On the  o the r  hand ,  the  connect ion  be tween  
t h y m u s  and  phagocytos i s  is obscure.  Therefore,  i t  is no t  
known w h e t h e r  phagocytos i s  is caused by  a cent ra l  ner-  

1 j .  F. A. P. MILLER, Lancet ii, 748 (1961). 
2 j.  F. A. P. MILLER and P. DuKoR, Die Biologic des Thymus 

(S. Karger-Verlag, Basel-New York 1964). 


