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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  
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illuminated white and black backgrounds at various time intervals following the denervation of 

Time Background Mean MI Time Background Mean MI 
(days) of lower dermal {days) of lower dermal 

melanophores melanophores 

0 White 5.00 (10), 55 White 3.38 :k 0.35 (6) - 
2 White 3.77 -4- 0.50 (7) 71 White 2.60 :~ 0.24 (3) 
3 White 3.33 ~ 0.71 (7) 95 White 2.40 4- 0.43 (3) 
6-8 White 3.20 4- 0.34 (12) 108 White 2.30 ~ 0.47 (3) 

19 Transferred to black 3.32 i 0.45 (8) Transferred to black 
20 Black 5.00 (7) 109 Black 5.00 (3) 
38 Returned to white 5.00 (7) 120 Returned to white 5.00 (3) 
39 White 3.60 4- 0.36 (7) 121 White 1.73 4- 0.21 (3) 
46 White 3.20 zk 0.49 (6) 130 White 1.23 ± 0.20 (3) 

Number of animals shown in parentheses. Illumination general ceiling lighting. Temperature 20-t-I °C. Melanophore index (MI) readings 
were recorded from the tail around the vascular arc. Epidermal melanophores always showed slight less dispersion of pigment than tlre 
dermal melanophores on a white background. 

i l lumina ted  whi te  backg round  af ter  the  opera t ion  (Table). 
In  cont ro ls  t he  h y p o t h a l a m i c  region was only  exposed.  

Results and discussion. The  resul ts  are summar i zed  in 
t he  Table.  These  show 1. the  i m m e d i a t e  effect  of inter-  
r u p t i n g  the  h y p o t h a t a m o - h y p o p h y s e a l  t r a c t  on the  
me lanophores  of w h i t e - a d a p t e d  an imals  was  of full 
d i spers ion  of p i g m e n t  (MI 5.0); 2. 1-3 days  a f t e r  t he  
ope ra t ion  the re  was  a cons iderable  aggregat ion  of p i g m e n t  
and  the  MI b e c a m e  re la t ive ly  s tab le  (3.2-3.3) ; no signifi- 
c a n t  change  in the  me lanophores  in the  n e x t  2 m o n t h s  
was  de t ec t ed  and  whi te  background  a d a p t a t i o n  of t he  
an imals  r ema ined  impa i r ed ;  3. the  an imals  re ta ined  the i r  
abi l i ty  to  a d a p t  to  a b lack backg round ;  4. t he  fish 
a p p e a r e d  to  gradual ly  regain  the i r  abi l i ty  to  a d a p t  to  
a whi te  backg round  a b o u t  2 m o n t h s  af ter  the  d e n e r v a t i o n  
of t he  P I  and  in a b o u t  4 m o n t h s  t hey  appea red  to  be 
able  to  concen t r a t e  the i r  me lanophores  a h n o s t  com-  
p le te ly  (Table). In  cont ro ls  wh i t e /b l ack  backg round  
a d a p t a t i o n  was  unaffec ted .  

Ful l  d ispers ion  of me lanophores  i m m e d i a t e l y  following 
t h e  d i s rup t ion  of t he  h y p o t h a l a m o - h y p o p h y s e a l  innerva-  
t ion  (result  1) was  p r e s u m a b l y  due to  a b r u p t  and  uncon-  
t rol led release of M S H  s tored  in t he  P I  of w h i t e - a d a p t e d  
animals .  

The  s ta te  of par t i a l  b u t  s ignif icant  d ispers ion of 
me lanophores  which  las ted for several  m o n t h s  on a 
wh i t e  backg round  (result 2) could be  in t e rp re t ed  in 
d i f fe ren t  ways,  e.g. a) i t  m i g h t  be due  to  t he  i n t e r rup t i on  
of s t imu la to ry  contro l  of an te r io r  lobe of t he  p i t u i t a ry  
which  is supposed  to  secrete  W-hormone* .  B u t  whi te  
backg round  a d a p t a t i o n  in th i s  species  s and  in I.  nebu- 
losus 6 does  n o t  a p p e a r  to  depend  on  t h e  p i t u i t a r y  and  
is  p r o b a b l y  cont ro l led  by  aggregat ing  nervesT; b) the  
n a t u r e  of t h e  nerves  contro l l ing  P I  func t ion  in Ictalurus, 
as in Poecilia, could be only  s t i n m l a t o r y  b u t  th i s  does 
no t  expla in  resul t  3; c) t he  poss ibi l i ty  of the  con t ro l  
be ing  exc i tory  as well as inh ib i to ry  also does no t  seem 
to  offer  an ent i re ly  sa t i s fac to ry  exp l ana t i on  of resul ts  
1-3;  d) f inal ly the  a s s u m p t i o n  t h a t  t he  P I  func t ion  is 
cont ro l led  by  an  inh ib i to ry  inne rva t ion  appear s  to  p rov ide  
a s imple  and  logical exp lana t ion  of resul t  2. The uncon-  
t rol led release of M S H  resul t ing  f rom the  dene rva t i on  of 
t he  P I  is unable  to  ma in t a in  full d ispers ion  of melano-  
phores  on a whi te  backg round  because  of t he  ac t i v i t y  
of t h e  aggrega t ing  nerves .  Resu l t  3 is also expla inable  
b y  th i s  conclus ion:  M S H  released b y  t h e  dene rva t i on  is 
capable  of fully d ispers ing  t h e  me lanophore  p i g m e n t  on 
a b lack  b a c k g r o u n d  due  to  t h e  lack of t he  aggregat ing  
ac t iv i ty  of t he  me lanophore  nerves.  

The regaining of t he  ab i l i ty  of whi te  background  adap-  
t a t i on  by  the  ope ra t ed  an imals  (result 4) appears  to  be 

due  to  a g radua l  regenera t ion  of t he  cu t  nerves  a f te r  
a b o u t  21/, m o n t h s ,  leading u l t ima te ly  to  t h e  rees tab l i sh-  
m e n t  of the  cen t ra l  con t ro l  on the  PI .  The  slow re- 
e s t a b l i s h me n t  of t he  con t ro l  requir ing severa l  m o n t h s  
indica tes  t h a t  the  P I  in I.  melas is cont ro l led  by  o r d i n a r y  
nerves  as r e p o r t e d  in t h e  a m p h i b i a n s  Xenopus,  Bu/o,  
and  A mbystoma s His to logica l  changes  following dene rva -  
t ion  of t he  P I  have  n o t  been  s tud ied  as y e t L  

However ,  t he  i n t e r r u p t i o n  of  t h e  h y p o t h a l a m o - h y p o -  
physea l  t r ac t  by  the  plas t ic  bar r ie r  has  been  verif ied by  
cu t t i ng  serial sagi t ta l  sect ions  of the  heads  of 10 an imals  
8 of which  l ived for a t  least  14 days  following the  opera-  
t ion.  These include the  last  3 an imals  (see Table) t h a t  
were  killed and  f ixed af ter  143 days.  

Zusammen/assung.  Nachweis ,  dass  be im Teleost ier  
I. melas, dessen  Sekre t ion  un te r  der  d ~ m p f e n d e n  Wir-  
kung des ZNS s teh t ,  M S H  funkt ionel l  r e l evan t  ist. 
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