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phi l s  is 3 to  6 t imes  t h a t  of an  e q u i v a l e n t  a rea  of ex t r a -  
ce l lu lar  space. The  level  of r a d i o a c t i v i t y  in t he  ex t ra -  
ce l lu lar  space is h i ghes t  1 ra in  a f t e r  es t rogen  in jec t ion  
a n d  falls off fa i r ly  r ap id ly  the rea f t e r .  
Discussion. The  d y n a m i c s  of t he  in v ivo  b i n d i n g  a n d  
release of t r i t i a t e d  e s t r ad io l  b y  t h e  r a t  u t e r u s  were  
s tud ied  b y  d r y  r a d i o a u t o g r a p h y  in d i f fe ren t  cell types .  
H i g h  levels of r a d i o a c t i v i t y  were found  in t he  nucle i  of 
epi thel ia l ,  g landu la r ,  s t r o m a l  and  muscu l a r  ceils and  in 
t he  eos inophi ls  sho r t l y  a f t e r  t he  i.v. i n j ec t ion  of t he  la- 
bel led es t radiol .  P e a k  levels of e s t rad io l  in  t he  nuclei  
of l u m i n a l  epi thel ia l ,  g l andu la r ,  s t r om a l  a n d  m u s c u l a r  
ceils were r eached  b e t w e e n  5 a n d  20 m i n  a f t e r  t he  h o r m o n e  
in jec t ion .  
A t  va r i ance  w i t h  p r e s e n t  results ,  i t  was p rev ious ly  re- 
p o r t e d  t h a t  t he  nuc lea r  r a d i o a c t i v i t y  in  t he  i m m a t u r e  
r a t  u t e rus  was a p p a r e n t  15 m i n  a f t e r  e s t rogen  in jec t ion ,  
a n d  t h a t  t he  m a x i m u m  nuc lea r  c o n c e n t r a t i o n  was found  

a t  the  end  of 1 h 12. However ,  in  these  s tudies ,  t he  h o r m o n e  
was in jec ted  s. c. a n d  p r o b a b l y  t he  a b s o r p t i o n  was slow 
a n d  i r regular .  I t  is genera l ly  a s s um ed  t h a t  t he  b ind ing  
of a h o r m o n e  to i ts  specific r ecep to r  m u s t  precede  all  
t h e  effects m e d i a t e d  b y  th i s  associat ion.  I n  th i s  con tex t ,  
t h e  b i n d i n g  of es t rogens  b y  the  u te r ine  eos inophi ls  a t  
v e r y  ear ly  t imes  is in acco rdance  w i t h  t he  h y p o t h e s i s  
t h a t  some of the  ea r ly  p a r a m e t e r s  of es t rogen  s t i m u l a t i o n  
are  m e d i a t e d  b y  the  eos inophi l  r ecep to r  system3-5,  ls-1~. 
T h e  eos inophi ls  were be l ieved to  be  a t t r a c t e d  d i rec t ly  
b y  es t rogens  b y  a doub le - r ecep to r  mechanismS,  15, a n d  

once t h e y  h a v e  m i g r a t e d  to  t he  u te rus ,  t h e y  would  
m e d i a t e  some es t rogenic  effects, such  as w a t e r  imbib i t ion ,  
increase  in vascu la r  pe rmeab i l i t y ,  h i s t a m i n e  release a n d  
es t rogen  p r i m i n g  effects  3-5,13-16. 
The  ear ly  b ind ing  of es t rogens  to  t he  cy toso l -nuc lea r  
r ecep to r  s y s t e m  m a y  exp la in  some of t he  o t h e r  es t rogenic  
effects, such  as t he  ea r ly  syn thes i s  of m R N A  and  t he  
ear ly  increase  in the  i n c o r p o r a t i o n  of a m i n o  acids in to  
p ro t e in s  b y  es t rogens  16,17, which,  in  t u rn ,  would  precede  
o the r  genomic  effects  of es t rogens .  A few o t h e r  es t rogenic  
effects, such  as t he  ea r ly  increase  in cyclic AMP,  c a n n o t  
be  a t t r i b u t e d  a t  th i s  m o m e n t  to  a n y  k n o w n  recep to r  
s y s t e m  of es t rogens ,  a n d  i ts  m e c h a n i s m  of p r o d u c t i o n  
a n d  i ts  f unc t i on  in u t e r ine  phys io logy  r e m a i n s  to  be  
e luc ida ted .  
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Summary. b T S H  a u g m e n t e d  t he  f ish t h y r o i d  pe rox idase  a c t i v i t y  in  a dose- response  m a n n e r .  T h y r o x i n e  could n o t  
m o d u l a t e  t he  effect  of exogenous  b T S H ,  b u t  i t  decreased  t he  pe rox idase  a c t i v i t y  in a con t ro l  s y s t e m  w h e n  a d m i n i s t e r e d  
alone.  The  d a t a  the re fore  sugges t  s imi la r  nega t i ve  f eedback  con t ro l  s y s t e m  for T S H - r e g u l a t i o n  as ope ra t i ve  in t he  
case of m a m m a l s .  

T h y r o t r o p h i n  (TSH) is k n o w n  to  s t i m u l a t e  t he  t h y r o i d a l  
a c t i v i t y  in  a n u m b e r  of ways,  such  as a c t i v a t i o n  of a d e n y l  
cyclase 3,4, increased  cyclic AMP-produc t ionS ,  6, h y d r o -  
lysis of t h y r o g l o b u l i n  7, syn thes i s  of specific t h y r o i d  pro-  
re ins  s a n d  t o t a l  R N A - s y n t h e s i s  ~-1~. I t  is e v i d e n t  f rom 
these  r epo r t s  t h a t  T S H - a c t i o n  is d i rec ted  t o w a r d s  t h e  
f o r m a t i o n  of specific t h y r o i d a l  enzymes  i nvo lved  in the  
o x i d a t i o n  a n d  i n c o r p o r a t i o n  of iodide in to  t he  ty ros ine  
moie ty ,  wh ich  e v e n t u a l l y  leads to  t he  f o r m a t i o n  of t h y r o i d  
ho rmones .  I t  h a s  also been  r epo r t ed  t h a t ,  in  t he  case 
of t he  p i t u i t a r y  t h y r o i d  axis, excess t h y r o i d  h o r m o n e  
exer t s  a d i r ec t  i n h i b i t o r y  effect  on  TSH-sec re t i on ,  in te r -  
ac t ing  w i t h  t he  s t i m u l a t o r y  effects  of t h y r o t r o p h i n  re- 
leas ing  h o r m o n e  (TRH) l s ,  14. On t he  basis  of a b o v e  re- 
po r t s  f rom m a m m a l i a n  sources,  we a t t e m p t e d  to de-  
m o n s t r a t e  t he  role of b o v i n e  T S H  on t e l eos t ean  f ish 
t h y r o i d  pe rox idase  a c t i v i t y  and  exis tence  of a n e g a t i v e  
feed-back  con t ro l  s y s t e m  for T S H - a c t i o n .  W e  h a v e  re- 
p o r t e d  ear l ie r  t h a t  t he  te leos t  p h a r y n g e a l  t h y r o i d  micro-  
somal  p r e p a r a t i o n  c o n t a i n  phys io logica l ly  i m p o r t a n t  
peroxidase ,  s ince t he  same  f rac t ion  could ca ta lyse  iodona-  
t i on  and  t h y r o x i n e  formation15-17. 
Materials and methods. Ophicephalus gachua, a c o m m o n l y  
ava i l ab le  t e leos t  f ish in  Ind ia ,  was  p u r c h a s e d  f rom the  
local  m a r k e t  a n d  k e p t  in  t h e  a q u a r i u m  for a t  leas t  1 week  

( 

before  use. For  each  e x p e r i m e n t  5-6  fishes were chosen,  
in j ec ted  i.p. w i t h  b o v i n e  T S H  or  T h y r o x i n e  (T4) or T S H  
plus  T 4 or  dis t i l led w a t e r  (which  serves  as control) ,  a n d  
k e p t  s epa ra t e ly  in d i f f e ren t  a q u a r i a  for 6 h,  and  t h e n  
sacrificed.  P h a r y n g e a l  p o r t i o n  was  care fu l ly  dissected o u t  
a n d  homogen ized  in a P o t t e r - E l v e h j e m  homogen ize r  in  
0.05 M Na. -phospha te  buffer ,  p H  5.0, t h e n  sub jec ted  to 
u l t r a c e n t r i f u g a t i o n  for col lec t ion of mic rosomal  f rac t ion  
wh ich  is de s igna t ed  as e n z y m e  p r e p a r a t i o n .  The  de ta i l s  
of t he  p rocedure  has  been  g iven  in some ear l ier  repor t s  16, is. 
Perox idase  a c t i v i t y  of t he  e n z y m e  p r e p a r a t i o n  was mea-  
sured  b y  fol lowing t he  increase  of OD a t  470 n m  in a 
s p e c t r o p h o t o m e t e r  (spect ronic  20, B a u s c h  & Lomb)  us ing  
1 cm l igh t  p a t h  w i t h  guaiacol  as h y d r o g e n  donor .  The  
reac t ion  m i x t u r e  contained 150 ~zmoles of N a - p h o s p h a t e  
buffer ,  p H  5.0, 1 ~zmole of guaiacol ,  15 ~moles  of H~O~ 
a n d  e n z y m e  p r e p a r a t i o n  in a su i t ab l e  vo lume  of wa te r  to  
m a k e  f inal  vo lume  3.0 ml.  E n z y m e  p ro t e in  was m e a s u r e d  
accord ing  to  t he  m e t h o d  of L o w r y  e t  a l )  9, us ing  bov ine  
se rum a l b u m i n  as t he  s t a n d a r d .  
Results and discussion. To obse rve  t h e T S H - a u g m e n t a t i o n  
of f ish t h y r o i d  pe rox idase  ac t iv i ty ,  a t ime  course response  
was s tud ied  b y  in j ec t ing  0.5 u n i t  of T S H  per  100 g b . w t  
a n d  fishes were sacr i f iced in r egu la r  2 -h- in te rva l s  f rom 
2 to  10 h. F r o m  each  group,  e n z y m e  w a s  t h e n  p r epa red  
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a n d  a s s a y e d  for  p e r o x i d a s e  a c t i v i t y .  I t  c o u l d  be  s e e n  
f r o m  f i g u r e  1 t h a t  T S H  i n c r e a s e s  t h e  p e r o x i d a s e  a c t i v i t y  
u p  to  6 h a l m o s t  l i n e a r l y ,  a n d  t h e n  t h e  s t i m u l a t o r y  e f f e c t  
o f  T S H  is  g r a d u a l l y  w i t h d r a w n  u p  to  8 h a n d  a s h a r p  fa l l  
w a s  n o t e d  a t  10 h .  I n  m a m m a l s ,  i t  h a s  r e c e n t l y  b e e n  
s h o w n  t h a t  4 - h - t r e a t m e n t  of  T S H  c o u l d  s t i m u l a t e  t h e  
i n c r e a s e  t u r n o v e r  as  wel l  a s  s y n t h e s i s  of  t h y r o i d a l  p o l y -  
( A ) - R N A  a n d  n o n p o l y - ( A ) - R N A  ~~ s u g g e s t i n g  a r a p i d  
i n c r e a s e  in  p r o t e i n  s y n t h e s i s  d u e  to  T S H - i n d u c t i o n .  H o w -  
eve r ,  in  t h e  c a s e  of  f i sh ,  t h e r e  is no  i n f o r m a t i o n  o n  t h e  
p o i n t ,  b u t  o u r  d a t a  s h o w  t h a t  t h e r e  w a s  a m a r k e d  a u g -  
m e n t a t i o n  of  t h y r o i d  p e r o x i d a s e  a c t i v i t y  w h i c h  m i g h t  
be  d u e  to  t h e  s t i m u l a t i o n  of t h y r o i d a l  p r o t e i n  s y n t h e s i s  a t  
e a r l y  h o u r s .  

Thyroxine role on TSH-augmented fish thyroid peroxidase activity 

System A OD/min mg protein Stinmlation Inhibition 
(Mean 4- SE) (%) (%) 

Control 0.19 4- 0.007"** --  -- 
TSH*-treated 0.32 • 0.003*** 68.4 --  
TSH*-T4**-treated 0.32 ~= 0.094 68.4 
T4-treated** 0.07 j_ 0.015"** 63.1 

* 0,5 unit/100 g b. wt; ** 50 ~xg/100 g b. wt; ***Difference between 
control and TSH-treated and between control and T4-treated is 
significant at p < 0.001. 

F i g u r e  2 d e n o t e s  t h e  e f f e c t  of  v a r i e d  T S H - d o s e - r e s p o n s e s  
in  t h y r o i d  p e r o x i d a s e  a c t i v i t y  a t  6 -h - l eve l .  T S H  a t  t h e  
d o s e  f r o m  0.25 t o  0.75 u n i t / 1 0 0  g b . w t  of  f i s h e s  r e s u l t s  a 
p r o p o r t i o n a l  i n c r e a s e  o f  p e r o x i d a s e  a c t i v i t y  a n d  t h e n  t h e  
a c t i v i t y  l eve l s  o f  a t  1.0 u n i t / 1 0 0  g b . w t .  I t  h a s  r e c e n t l y  
b e e n  r e p o r t e d  that, in t h e  c a s e  of  m o u s e  t h y r o i d ,  h i g h e r  
c o n c e n t r a t i o n  of  T S H  d o e s  n o t  p r o d u c e  a n y  i n c r e a s e  in  
i t s  r e s p o n s e  2,. I n  o u r  c a s e  a lso ,  i n c r e a s e  of  T S H - c o n c e n t r a -  
t i o n  f r o m  0.75 t o  1.0 u n i t / 1 0 0  g b . w t  h a d  p r a c t i c a l l y  n o  
e f f ec t  on  t h e  p e r o x i d a s e  a c t i v i t y .  
I t  is k n o w n  in  m a m m a l i a n  s y s t e m  t h a t  t h e  p r i o r  i n j e c t i o n  
of  t h y r o i d  h o r m o n e  a b o l i s h e d  t h e  s t i m u l a t i o n  of  T S H -  
s e c r e t i o n  b r a u g h t  a b o u t  b y  T R H - i n j e c t i o n  2~, 2a, t h e r e f o r e  
d e m o n s t r a t i n g  t h e  e x i s t a n c e  o f  a n e g a t i v e  f e e d b a c k  c o n -  
t ro l  on  T S H - r e l e a s e .  W ' h e t h e r  t h e  s i m i l a r  n e g a t i v e  f e e d  
b a c k  c o n t r o l  s y s t e m  for  T S H - r e g u l a t i o n  is a l so  o p e r a t i v e  
in  t h e  c a s e  of  f i sh  is n o t  k n o w n .  W e  t h e r e f o r e  a t t e m p t e d  
to  i n v e s t i g a t e  t h i s  in  o u r  e x p e r i m e n t a l  m o d e l .  S e p e r a t e  
g r o u p s  of  f i s h e s  r e c e i v e d  t h e  i .p .  i n j e c t i o n  of  e i t h e r  T S H  
a l o n e  o r  T S H  p l u s  T 4, or  o n l y  T4, o r  d i s t i l l ed  w a t e r  ( w h i c h  
s e r v e d  as  a con t ro l )  a n d  s a c r i f i c e d  a f t e r  6 h.  R e s u l t s  of  t h i s  
e x p e r i m e n t  c a n  be  s e e n  in  t h e  t ab l e .  A u g m e n t a t i o n  of  f i s h  
t h y r o i d  p e r o x i d a s e  a c t i v i t y  w a s  e f f e c t e d  b o t h  b y  T S H  
a n d  T S H  p l u s  T~, w h i c h  i n d i c a t e s  t h a t  e x o g e n o u s l y  s u p -  
p l i ed  T S H - a c t i o n  r e m a i n s  u n a f f e c t e d  b y  s u b s e q u e n t  h i g h  
d o s e  o f  T 4. B u t  w h e n  o n l y  T 4 w a s  a d m i n i s t e r e d  in t h e  
s a m e  c o n c e n t r a t i o n ,  i t  d e p r e s s e d  t h e  p e r o x i d a s e  a c t i v i t y  
m a r k e d l y  in  c o m p a r i s o n  w i t h  t h e  c o n t r o l  ( tab le ) .  T h i s  
m i g h t  be  d u e  to  t h e  t h y r o x i n e - m e d i a t e d  i n h i b i t o r y  e f f e c t  
on  e n d o g e n o u s  T S H - s e c r e t i o n .  

0.4 

O.3 

~ '  0.2 
._~ 

~ 0.1 

o 

Time after TSH administration 
Fig. 1. Time course s tudy  of TSH-stimulation of fish thyroid per- 
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Fig. 2. Effect of varied doses of TSH Oil fish thyroid peroxidase 
activity. 
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