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P l a s m a  and Adrenal  Cort icos terone  Levels  Dur ing  the Different P h a s e s  of the Sexua l  Cycle 
in N o r m a l  F e m a l e  Rats  

V a r i a t i o n s  in  t h e  c o n c e n t r a t i o n  of cor t i cos te ro ids  
(ma in ly  cor t i cos te rone)  in  t h e  p l a s m a  a n d  t h e  a d r e n a l  
g l a n d s  of f ema le  r a t s  d u r i n g  t h e  d i f f e ren t  p h a s e s  of t h e  
sexua l  cycle  h a v e  been  t h e  s u b j e c t  of seve ra l  pub l i ca -  
t ions .  No  s ign i f i can t  d i f fe rence  in  co r t i cos t e rone  concen-  
t r a t i o n  d u r i n g  t h e  va r i ous  phases  of t h e  cycle  could,  
however ,  be  f o u n d  in  a d r e n a l  ve in  b lood  (TELEGDY 
et  al.x) or  in  b lood  co l lec ted  f rom t h e  a b d o m i n a l  a o r t a  
(GuILLE~I~ e t  al.e) of a n i m a l s  in w h i c h  t h e  cycle  phases  
were d e t e r m i n e d  f rom v a g i n a l  s m e a r s  t a k e n  on  7 (GmL-  
LEMm et  al.2) or  14 (TELEGDY e t  al. ~) consecu t ive  days ,  
p r io r  to  b a r b i t u r a t e  a n a e s t h e s i a  a n d  t h e  co l lec t ion  of 
b lood  samples .  CRITCHLOW et  al. 3, on  t he  o t h e r  h a n d ,  
found  s ign i f i can t  d i f ferences  in t h e  co r t i cos t e rone  con-  
c e n t r a t i o n s  in  p l a s m a  col lec ted  d u r i n g  t he  m o r n i n g  hou r s  
in  t h e  va r ious  p h a s e s  of t he  cycle,  t h e  levels be ing  h i ghes t  
in  pro-oes t rus .  Since on ly  s ingle d e t e r m i n a t i o n s  were 
made ,  however ,  no  curves  could be  p lo t t ed .  V a g i n a l  
smea r s  were t a k e n  a t  leas t  3 days  before  each  e x p e r i m e n t  
as wel l  as i m m e d i a t e l y  a f t e r  t h e  col lec t ion of b lood  b y  
d e c a p i t a t i o n .  

W e  h a v e  a t t e m p t e d  to  d e t e r m i n e  t he  n y c h t h e m e r a l  
r h y t h m  of co r t i cos t e rone  c o n c e n t r a t i o n  in t h e  p l a s m a  
a n d  a d r e n a l s  of r a t s  d u r i n g  t h e  d i f f e ren t  phases  of t h e  
sexua l  cycle. As i t  is k n o w n  (GuILLEMI~ e t  al.2), s l igh t  
c h a n g e s  in  e n v i r o n m e n t  as wel l  as in  h a n d l i n g  m a y  lead 
to  m a r k e d  v a r i a t i o n s  in  t he  p l a s m a  co r t i cos t e rone  levels,  
ca re  was  t a k e n  t o  avo id  d i s t u r b a n c e s  as  fa r  as possible .  

AIalerials and  nzethods. T h e  e x p e r i m e n t s  were  car r ied  
o u t  in  f ema le  I v a n o v a s  r a t s  we igh ing  180-220 g, al l  of 
w h i c h  h a d  b e e n  o b t a i n e d  f r o m  t h e  s a m e  source. T h e  
a n i m a l s  were  h o u s e d  in  cages  in  a room k e p t  a t  a con-  
s t a n t  t e m p e r a t u r e  of 23°C a n d  sub j ec t ed  to  r h y t h m i c  
l ight ing,  14 h of l igh t  (06.00-20.00),  be ing  fol lowed b y  
10 h of d a r k n e s s  (20.00-06.00).  T h e y  were fed a s t a n d a r d  
d i e t  w i t h  w a t e r  ad  l i b i t u m  for  a t  l eas t  4 days  before  t h e  
e x p e r i m e n t .  24 h before  t h e  s t a r t  of t h e  e x p e r i m e n t  t h e  
a n i m a l s  were weighed  a n d  were  dev i ded  a t  r a n d o m  in to  
g roups  of three .  The  d e t e r m i n a t i o n s  were  p e r f o r m e d  a t  
t h e  fol lowing t i m e s :  08.00 h, 12.00 h, 16.00 h, 20.00 h, 
24.00 h a n d  04.00 h. T he  a n i m a l s  were e x s a n g u i n a t e d  b y  
decap i t a t i on ,  al l  t h e  r a t s  in  each  group  be ing  ldl led 
w i t h i n  a few m i n u t e s  of each  o ther .  Af te r  t he  col lec t ion 
of blood, v a g i n a l  smea r s  were t a k e n  and  t he  p h a s e  of 
t h e  cycle was  reg i s te red  acco rd ing  to  a t h r e e - p o i n t  clas- 
s i f ica t ion :  1. R e s t i n g  p h a s e  (me t -oes t rus  a n d  di-oest rus) .  
2. P ro-oes t rus .  3. Oest rus .  

As t h e  r a t s  were  sacr i f iced a t  r a n d o m ,  t h e  n u m b e r  of 
a n i m a l s  on  t he  va r i ous  cycle phases  differed.  P l a s m a  a n d  
a d r e n a l  co r t i cos t e rone  was  e x t r a c t e d  w i t h  ch lo roform,  
s e p a r a t e d  c h r o m a t o g r a p h i c a l l y  a n d  d e t e r m i n e d  acco rd ing  
to  t h e  m e t h o d  of NEHER 4, Mean  va lues ,  s t a n d a r d  e r ro rs  
a n d  t h e i r  s igni f icance  were ca lcu la ted  a c c o r d i n g  to  
S t u d e n t ' s  t - tes t .  

Results .  U n d e r  these  e x p e r i m e n t a l  cond i t i ons  t h e  con-  
c e n t r a t i o n  of co r t i cos t e rone  in t h e  p l a s m a  (Table  I a n d  
F igure)  of n o r m a l  f emale  r a t s  a p p e a r s  to  be  s u b j e c t  t o  
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2 d i f f e ren t  sources  of va r i a t ion ,  t h e  one  n y c h t h e m e r a l ,  
t h e  o t h e r  r e l a t ed  to  t h e  d i f f e ren t  p h a s e s  of t h e  s exua l  
cycle.  

T h e  n y c h t h e m e r a l  r h y t h m  due  to  t h e  e x p e r i m e n t a l  
se t -up  is c h a r a c t e r i z e d  b y  a m i n i m u m  p l a s m a  c o n c e n t r a -  
t i on  a t  a b o u t  m idday ,  a n d  m a x i m u m  c o n c e n t r a t i o n s  
b e t w e e n  20.00 h a n d  24.00 h, t h e  levels  dec l in ing  s lowly  
t he rea f t e r .  Th i s  p a t t e r n  is on ly  s l igh t ly  a f fec ted  b y  t h e  
d i f fe ren t  p h a s e s  of t h e  cycle. 

T h e  phases  of  t h e  sexua l  cycte  h a v e  es sen t i a l ly  a 
q u a n t i t a t i v e  in f luence  on  t h e  p l a s m a  co r t i cos t e rone  con-  
cen t r a t i on .  The  va lues  are  b y  fa r  t h e  h i g h e s t  in  pro-  
oes t rus ;  m a x i m a l  levels a m o u n t i n g  to  1 0 0 [ / g / 1 0 0 m l  
p l a s m a  a n d  more  a re  a t t a i n e d  b e t w e e n  20.00 a n d  24.00 h 
on  the  d a y  of t h i s  p h a s e  of t he  cycle. These  c o n c e n t r a -  
t ions  are  s ign i f i can t ly  h ighe r  t h a n  those  found  d u r i n g  
t he  r e s t ing  phase .  The  onse t  of oes t rus  is a c c o m p a n i e d  

Table I. Nyehthemeral variations in plasma corticosterone concen- 
tration during different phases of the sexual cycle in female rats 

Time Resting phase Pro-oestrus 0estrus 
~zg/100 ml [xg/100 ml Ftg[100 ml 

08.00 31.9 ± 4.3 70.2 :E 7.2 16.4 + 6.4 
n = 2 7  n = 1 4  n ~ 9 

p < 0.001 p < 0.001 

12.00 18.3 =~= 3.6 42.1 4- 7.2 12.5 4- 5.3 
n = 31 n = 9 n = 9 

p<o.01  p<0 .01  

16.00 34.3 4- 4.6 80.9 4- 7.3 15.9 4- 5.4 
n = 19 n = 13 a = 13 
p < 0.001 p < 0.001 

20.00 61.4 4- 6.6 114.6 4- 4,4 53.2 4- 8.5 
n=9 n=9 n=9 
p < 0.001 p < 0.001 

24.00 29.1 -t- 4.9 97,0 ~ 6.8 57.4 + 6.0 
n = 1 0  n = l l  n = 4  
p < 0.001 p < 0.01 

04.00 25.0 4- 8.9 83.4 i 6.2 53.4 -F 4.4 
55=7 n =  12 n=8 
p < o.001 p < 0.01 

Significance is calculated by reference to the pro-oestrus values. 
n : number of anilnals per group (see Figure). 
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Nychthemeral variations in plasma corticosterone concentration 
during the different phases of the sexual cycle in female rats, in 
comparison with the variations in plasma cortieosterone in male rats 
(number of animals per group > 24). 
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w i t h  a s h a r p  decl ine  in t he  co r t i cos t e rone  c o n c e n t r a t i o n  
in  p l a sma ,  t h e  decrease  be ing  p a r t i c u l a r l y  m a r k e d  b e t w e e n  
08.00 a n d  20.00 h on  th i s  day .  A t  t h i s  t ime,  p l a s m a  cor- 
t i cos t e rone  levels  in  oes t rus  a re  c o m p a r a b l e  w i t h  or lower  
t h a n  t hose  n o t e d  in t he  r e s t ing  p h a s e ;  t h i s  s i t u a t i o n  is 
r eve r sed  if va lues  b e t w e e n  20.00 a n d  04,00 h are  con-  
s idered .  T h e  cor t i cos te rone  c o n c e n t r a t i o n s  are t h e n  h ighe r  
t h a n  d u r i n g  t h e  r e s t i ng  phase .  

A d r e n a l  co r t i cos te rone  c o n c e n t r a t i o n s  (Tab le  II) fol low 
a s imi la r ,  if n o t  so d i s t i n c t  a p a t t e r n .  T h e  levels  in  pro-  
oes t rus  are a t  m o s t  t i m e s  s ign i f i can t ly  h i g h e r  t h a n  those  
in t h e  o t h e r  p h a s e s  of t h e  s exua l  cycle. Th i s  is no t  t h e  

TaMe II. Nyehthemeral variations in adrenal eortieosterone con- 
centration during the different phases of the sexual cycle in female 
rats 

Time Resting phase Pro-oestrus Oestrus 
~tg/100 mg [zg[100 mg ~tg/100 mg 
adrenal adrenal adrenal 

08.00 4.0 ~ 0.43 6.5 -I- 0.56 3.3 4- 0.95 
n = 27 n = 14 n = 9 
p < 0.01 p < 0.01 

12.00 2.7 zh 0.42 4.3 4- 0.75 2.4 ~ 0.70 
n=31 n=9 n~=9 
p < 0 . 1  p<0 .1  

16.00 3.3 4- 0.52 5.9 4- 0.68 3.0 ~ 0.77 
n = 19 n = 13 n = 13 
p<0.01  p<0.01  

20.00 3.7 -4- 0.74 7.1 4- 0.6 4.7 ~: 0.78 
n = 9  n = 9  n = 9  
p<O.Ol p<O.05 

24.00 3.8 -4- 0.71 7.4 q- 0.45 6.1 ~c 1.02 
n = 9  n = l l  n = 4  
p < 0.001 p < 0.2 

04.00 2.6 -t- 0.72 6.2 4- 0.56 5.1 zh 0.60 
n = 7  n = 1 2  n ~ 8  
p<0.01 p < 0 . 3  

Significance is calculated by reference to the pro-oestrus values. 
n = number of animals per group. 

case, however ,  a t  12.00 h, w h e n  n e i t h e r  t h e  va lues  in  t h e  
r e s t i ng  p h a s e  no r  those  in oes t rus  a re  s ign i f i can t ly  lower,  
or, as fa r  as t he  oes t rus  va lues  are concerned ,  a t  24.00 h 
or  04.00 h, w h e n  t h e  levels  are  compa rab l e .  T h e  cause  
of t h i s  d i s c r epancy  needs  f u r t h e r  e luc ida t ion .  

Discussion. Cor t icos te rone  c o n c e n t r a t i o n  ha s  b e e n  
s h o w n  to  b e  af fec ted  in t h e  n o r m a l  f emale  r a t  b y  n y c h -  
t h e m e r a l  r h y t h m  a n d  b y  t h e  d i f f e ren t  phases  of t h e  
sexua l  cycle. The  n y c h t h e m e r a l  r h y t h m  of co r t i cos te rone  
in  t h e  f ema le  r a t  is fu l ly  c o m p a r a b l e  w i t h  t h a t  o b s e r v e d  
in t h e  ma le  r a t  u n d e r  s im i l a r  e x p e r i m e n t a l  cond i t i ons  
(see Figure) ,  w i t h  t h e  excep t ion  t h a t  t h e  m i n i m u m  va lues  
in  t h e  l a t t e r  are  as  a ru le  lower  t h a n  w i t h  va lues  de t e r -  
m i n e d  in  f emales  d u r i n g  t h e  r e s t ing  phase .  

Sexua l  a c t i v i t y  does  n o t  seem to  a f fec t  t h e  r e g u l a r i t y  
of t h e  n y c h t h e m e r a l  r h y t h m .  On t h e  o t h e r  h a n d ,  t h e  
p r o n o u n c e d  a n d  sus t a ined  increase  in co r t i cos te ro id  
secre t ion  d u r i n g  t h e  d a y  of t h e  p ro -oes t rus  phase ,  cul-  
m i n a t i n g  in  v e r y  h igh  va lues  in  t h e  l a t e  a f t e rnoon ,  is 
n o t e w o r t h y .  I t  a p p e a r s  t h a t  d u r i n g  t h i s  c r i t i ca l  p h a s e  
t h e  t h M a m o - p i t u i t a r y - a d r e n a l  s y s t e m  is s u b j e c t e d  to  a 
m a r k e d  s t i m u l a t i o n ,  w h i c h  i m m e d i a t e l y  p recedes  or  
co inc ides  w i t h  o v u l a t i o n  in  t h e  r a t .  I t  r e m a i n s  to  be  
s h o w n  h o w  t h i s  b u r s t  of a d r e n o c o r t i c a l  a c t i v i t y  is r e l a t ed  
to  t h e  d i f fe ren t  f u n c t i o n a l  changes  occur r ing  d u r i n g  t h i s  
per iod.  

Zusammen[assung. Es  wird  das  phys io tog i sche  Ver-  
b a t t e n  yon  Cor t i cos te ron  in d e n  e inze lnen  Z y k l u s p h a s e n  
i m  P l a s m a  u n d  in d e n  N e b e n n i e r e n  n o r m a l e r  we ih l i che r  
R a t t e n  u n t e r s u c h t .  Die C o r t i c o s t e r o n k o n z e n t r a t i o n e n  in 
P l a s m a  u n d  N e b e n n i e r e n  s ind  w~thrend de r  P ro6s t rus -  
p h a s e  s ign i f i kan t  h S h e r  a ls  w/ ih rend  den  a n d e r e n  Zyklus -  
phasen .  Der  n o r m a l e  T a g - N a e h t - R h y t h m u s  b l e i b t  in 
a l len Z y k l u s p h a s e n  a u f r e c h t e r h a l t e n .  
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E x p e r i m e n t a l  Evidence  of Inhibi tory  Control  of Pars  In termedia  Funct ion and the Rate of Recovery  
of Funct ion After Denervat ion  in the Te leos t  lctalurus melas 

I t  is genera l ly  agreed  t h a t  t i le  co lour  changes  in  
e l a s m o b r a n c h s  a n d  a m p h i b i a n s  are  r e g u l a t e d  b y  t h e  
pa r s  i n t e r m e d i a  (PI) of t he  p i t u i t a r y  g l a n d  w h i c h  i tself  
is u n d e r  t he  i n h i b i t o r y  con t ro l  of t h e  b ra in .  T h u s  a n y  
i n t e r r u p t i o n s  of t h e  h y p o t h a l a m o - h y p o p h y s e a l  i n n e r v a -  
t ion  or t r a n s p l a n t a t i o n  of t he  gland,  i.e. i t s  re lease f rom 
t h e  cen t r a l  cont ro l ,  leads  to  i ts  h y p e r t r o p h y  a n d  uncon-  
t ro l l ed  l i b e r a t i o n  of M S H  ~. C o n s e q u e n t l y  p i g m e n t  in t h e  
sk in  m e l a n o p h o r e s  becomes  e i t h e r  p e r m a n e n t l y  d ispersed  
or  r e m a i n s  so for  a long t i m e  a n d  t h e  ab i l i t y  of t h e  
a n i m a l  to  a d a p t  to  a w h i t e  b a c k g r o u n d  is t o t a l l y  im-  
pai red .  T h e  n a t u r e  oi  t he  c en t r a l  con t ro l  of t h e  P I  
( m e t a - a d e n o h y p o p h y s i s ) ~  f u n c t i o n  in te leos t s  is, how-  
ever ,  obscure .  I n  t h e  on ly  case  so fa r  r e p o r t e d  (Poecilia 
formosa) 3 t h e  PI, in  c o n t r a s t  to e l a s m o b r a n c h s  a n d  
a m p h i b i a n s ,  was  f o u n d  to  b e  m a r k e d l y  a t r o p h i e d  in  
ec topic  p i t u i t a r y  t r a n s p l a n t s .  Th i s  i nd ica t e s  t h a t  in  t h i s  
species t h e  b r a i n  h a s  a s t i n m l a t o r y  con t ro l  on  P I  func t ion .  
However ,  t h e  role  of  M S H  in  t h e  p i g m e n t a t i o n  in Poecilia 
has  n o t  b e e n  e x p e r i m e n t a l l y  es tab l i shed .  

In the present paper the effects of denervation of the 
PI on the melanophores in I. melas (in which MSH plays 
an important role in the colour changes) are reported 
with a view to elucidating the nature of the innervation 
con t ro l l ing  P I  func t ion .  

Material and method. D e n e r v a t i o n  of t h e  P ]  was  
effected b y  caus ing  ca. 4 m m  deep  cu t s  a n d  lesions b y  
m e a n s  of a d e n t a l  dr i l l  a n d  a t ine  p r o b i n g  need le  in  t h e  
exposed  h y p o t h a l a m o - h y p o p h y s e a l  reg ion  in b e t w e e n  t h e  
op t ic  c h i a s m a  a n d  t he  p i t u i t a r y ;  in  some cases les ions 
were also m a d e  a r o u n d  t h e  g land.  I n  m o s t  cases t h i n  
r e c t a n g u l a r  pieces of b l a c k  p las t i c  ( abou t  2.0 × 0.7 ram)  
were  ve r t i ca l l y  i n se r t ed  i n t o  t h e  les ions  to  p r e v e n t  t h e  
r e e s t a b l i s h m e n t  of v a s c u l a r  connec t ions .  I n  all, 20 ani -  
m a l s  (average  l e n g t h  7.0 cm) were  ope ra t ed .  O u t  of 
t he se  9 d id  no t  su rv ive  b e y o n d  14 days  ( l s t  c a s u a l t y  a f t e r  
5 days}, 5 l ived  27-38  days ,  3 50-62  days  a n d  3 were  
s t i l l  a l ive  ove r  143 days .  T h e  f ish were  w h i t e - a d a p t e d  
for  3 -4  weeks,  t h e i r  m e a n  of  m e l a n o p h o r e  i n d e x  (MI) 
before  t h e  o p e r a t i o n  be ing  1.4, a n d  were  rep laced  on  a n  


