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THE THYROID RESPONSE TO PURIFIED MAMMALIAN THYROTROPIN AND 

PARTIALLY PURIFIED FISH THYROTROPIC FACTORS IN GOLDFISH 

(CARASSIUS AURATUS) AND KILLIFISH (FUNDULUS HETEROCLITUS)

ABSTRACT

T w en ty -fo u r h o u r  serum  io d in e  c o n v e rs io n  r a t i o s ,  e x ­

p r e s s e d  a s  p r o t e in  bound io d in e -131 (P B I-131) and b u ta n o l 

e x t r a c t a b l e  i o d in e -131 (BEI-131) p e rc e n ta g e s  w ere d e te rm in ed  

s e r i a l l y  fo r  108 h o u rs  a t  12 -h o u r i n t e r v a l s  fo llo w in g  i n t r a - 

p e r i t o n e a l  p i t u i t a r y  e x t r a c t  (c a rp )  i n j e c t i o n  in  fem ale  g o ld ­

f i s h .  The PBI-131 p e rc e n ta g e s  o f  e x t r a c t - i n j e c t e d  f i s h  w ere 

c o n s i s t e n t l y  low er th a n  th o s e  o f  f i s h  i n j e c t e d  w ith  p h y s io ­

l o g i c a l  s a l i n e .  The m arg in  o f  d i f f e r e n c e  in c r e a s e d  w ith  

t im e . C o n c u r re n t ly , th e  BEI-131 p e rc e n ta g e s  w ere  h ig h e r  in  

e x t r a c t - i n j e c t e d  f i s h  th a n  th e  c o n t r o l s .  A g a in , th e  d i f f e r ­

ence  in c r e a s e d  w ith  t im e . C o l l a t e r a l  e f f e c t s  o f  th e  i n j e c t i o n  

m a t e r i a l  and a  d iu r n a l  rhy thm  w ere  e v id e n t  in  serum  PBI-131 

and  B E I-131 p a ra m e te r s .

A lo g -d o s e  re s p o n s e  be tw een  e x t r a c t  i n j e c t i o n  and th e  

2 4 -h o u r c o n v e rs io n  r a t i o  was s tu d ie d  u s in g  th e  PB I-131 p e r ­

c e n ta g e  a s  a r e s p o n s e  in d e x , 220 h o u rs  a f t e r  e x t r a c t  t r e a t ­

m en t. S im i la r ly ,  a  lo g -d o s e  re s p o n s e  was e v a lu a te d  w ith  BEI- 

131 p e rc e n ta g e s  36 h o u rs  a f t e r  1 -131  i n j e c t i o n  and  60 h o u rs  

a f t e r  p i t u i t a r y  e x t r a c t  i n j e c t i o n .

The p r o t e in - r a d io io d in e  com plex a t  45 h o u rs  and  a t  9 .5 ,

2 3 .5 ,  and  36 h o u rs  was c h a r a c t e r i z e d  by Sephadex G-25 and 

G-lOO, r e s p e c t i v e l y .  R e s u l ts  o b ta in e d  on th e  G-25 column 

e f f l u e n t  sam ples p r e c i p i t a t e d  w i th  TCA su g g e s te d  th r e e  p ro -  

t e in - I - î l 3 1  g r a d ie n ts  i n  th e  m ac ro m o le cu la r  r a n g e .  The l a r g ­

e s t  f r a c t i o n  o f  t o t a l  p r o t e i n  i n  th e  G-lOO e f f l u e n t  was o n ly

(1)
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w eakly  r a d i o a c t i v e ;  a lm o s t a l l  o f  th e  r a d io io d in e  was a s s o ­

c i a t e d  w ith  th e  low er m o le c u la r  w e ig h t m a t e r i a l .

T h y ro id  r a d io io d in e  u p ta k e  a t  72 h o u rs  was h ig h e r  in  

f r e s h w a te r - a d a p te d  k i l l i f i s h  th a n  in  s a l t  w a te r - a d a p te d  k i l l ­

i f i s h .  However, t h e i r  e n v iro n m e n ta l and  serum  io d id e -127 

c o n c e n tr a t io n  w ere  lo w e r. The t o t a l  th y r o id  io d in e  c o n te n ts  

w ere co m p arab le .

A cu te  i n j e c t i o n s  o f  p i t u i t a r y  m a te r i a l s  i n to  i n t a c t  

k i l l i f i s h  w ere  e f f e c t i v e  in  s t im u la t in g  th y r o id  a c t i v i t y  

when i n i t i a l  th y r o id  a c t i v i t y  was r e l a t i v e l y  low ( d i s c lo s e d  

by r e l a t i v e l y  low u p ta k e s  o f  c o n t r o l s  t h a t  d id  n o t  r e c e iv e  

p i t u i t a r y  e x t r a c t  i n j e c t i o n s ) .  On th e  o th e r  h a n d , th y r o id s  

o f  i n t a c t  a n im a ls  whose n o n - t r e a te d  c o n t r o l s  h ad  h ig h  r a d i o - 

io d in e  u p ta k e  c o u ld  n o t  b e  s t im u la te d  by an a c u te  p i t u i t a r y  

e x t r a c t  i n j  e c t  i o n .

T h ree  c a rp  p i t u i t a r y  e x t r a c t  i n j e c t i o n s  a t  4 8 -h o u r i n ­

t e r v a l s  w ere e f f e c t i v e  i n  s t im u la t in g  th y r o id  t r a c e r  (1 -131  

o r  1 -125) u p ta k e  in  5 5 -d ay  p o s t-h y p o p h y se c to m ia l k i l l i f i s h .  

The se v e n ty - tw o -h o u r  r a d io io d in e  u p ta k e  was d e te rm in e d  p r e ­

c e d in g , 12 days a f t e r ,  and  55 days a f t e r  hypophysectom y in  

k i l l i f i s h .

G el f i l t r a t i o n  w i th  Sephadex G-lOO a t  pH 7 .0  and pH 9 .0  

gave p a r t i a l l y  p u r i f i e d  t h y r o id  s t im u la t in g  p r e p a r a t io n s  t h a t  

w ere a s sa y e d  by th e  7 2 -h o u r t r a c e r  u p ta k e  m ethod on hypophy­

se c to m iz e d  k i l l i f i s h .  A cry lam ide  e l e c t r o p h o r e s i s  ( d i s c )  was 

e f f e c t i v e  in  f r a c t i o n i n g  a c t iv e  g o n a d o tro p ic  p r e p a r a t io n s  b u t  

n o t t h y r o id  s t im u la t in g  p r e p a r a t i o n s .  The b e h a v io r  o f  th e s e  

h y p o p h y s ia l  f a c t o r s  w i th  th e s e  i s o l a t i o n  m ethods a r e  d i s c u s s ­

ed .

The mammalian h e t e r o th y r o t r o p i c  f a c t o r  (HTF), t h y r o t r o -
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p in  (TSH)-USP, and h ig h ly  p u r i f i e d  b o v in e  th y r o t r o p in  (B-TSH) 

w ere  com pared by b io a s s a y  u s in g  4 8 -hour v iv o  t r a c e r  u p ­

t a k e s ,  9 6 -h o u r in  v i t r o  t r a c e r  u p ta k e s ,  9 6 -h o u r serum  r a d i o - 

th y ro x in e  l e v e l s ,  and  mean t h y r o id  c e l l  h e ig h t s .  The fo u r  

m ethods gave com parab le  e s t im a te s  o f  th y r o t r o p ic  p o ten cy  f o r  

c o rre sp o n d in g  p r e p a r a t i o n s ,  b u t  e s t im a t io n s  b a se d  on th e  t h y ­

r o i d  c e l l  h e ig h ts  w ere  l e s s  e q u iv o c a l  due to  l e s s  v a r i a b i l i t y  

w i th in  i n j e c t i o n  g ro u p s . The p r e p a r a t io n s  w ere r a t e d  on a 

w e ig h t b a s i s  a s  1 .0  ^g  HTF = 0 .0 7  |ig  p u r i f i e d  bov ine  TSH = 

1 .3 5  tig TSH-USP.



INTRODUCTION

S tu d ie s  on th e  p u r i f i c a t i o n  and  c h em ic a l c h a r a c t e r i z a ­

t i o n  o f  mammalian t h y r o t r o p in s  h av e  b een  in te n s e  in  th e  p a s t  

d e ca d e . The a p p l i c a t i o n  o f  new er i s o l a t i o n  te c h n iq u e s  i . e .  

g e l  e l e c t r o p h o r e s i s ,  g e l  f i l t r a t i o n ,  c o u n te r - c u r r e n t  d i s t r i ­

b u t io n ,  and io n  exchange  ch ro m ato g rap h y  in  th e s e  s tu d i e s  a r e  

rev ie w ed  by P ie r c e  and  C a r s te n ,  1960 , 1963; and B a te s  and 

C o n d l i f f e ,  1960 , 1966. S tu d ie s  on th e  b i o lo g i c a l  e f f e c t s  

and  b i o lo g i c a l  a s s a y s  f o r  mammalian th y r o t r o p in  (TSH) p r e ­

p a r a t io n s  on mammals h av e  b een  e q u a l ly  p r o l i f i c .  The m ost 

r e c e n t  t r e a t i s e  on t h i s  s u b je c t  i s  g iv e n  by B a tes  and 

C o n d lif f e  (1966) and  i n c l u s i v e  s e r i e s  o f  r e p o r t s  on c u r r e n t  

s tu d ie s  in  t h i s  a r e a  h av e  b een  p u b l is h e d  (W h iti lo c k , e d ; 

1 9 6 0 ), (W erner, e d ; 1 9 6 3 ) , and  (C assano  and A n d re o li ,  e d s . ;  

1966) . The m ore n o ta b le  b io a s s a y  m ethods from  v a r io u s  l a b ­

o r a t o r i e s  a r e  l i s t e d  and  d is c u s s e d  in  a  r e c e n t  su rv ey  by 

Bakke (1 9 6 5 ). By c o m p a riso n , th e  b io c h e m ic a l  and p h y s io lo g ­

i c a l  s tu d ie s  on th e  t h y r o t r o p i c  f a c t o r s  o f  f i s h  and o th e r  

lo w er v e r t e b r a t e s  a r e  in d e e d  m eager even  though  th e  e x is te n c e  

o f  a p i t u i t a r y - t h y r o i d  a x i s  h a s  b een  d e m o n s tra te d  i n  th e s e  

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

th y r o id  g la n d  and  th e  p i t u i t a r y  g la n d  o f  non-m am malian v e r t ­

e b r a te s  h as  b een  f r e q u e n t ly  re v ie w e d  (O liv e re a u , 1954 , 1955; 

P ic k fo rd  and  A tz , 1957; Dent and  Dodd, 1961; Dodd, e t  a l . ,  

1963 ; and L eloup  and  F o n ta in e , 1 9 6 0 ).

A lm ost e q u a l ly  n e g le c te d  a s  th e  s tu d i e s  on f i s h  TSH h a s  

b een  th e  s t a n d a r d i z a t i o n  o f  a  b io a s s a y  u t i l i z i n g  f i s h  a s  th e  

t e s t  an im al and  a s  th e  horm one d o n o r. The few q u a n t i t a t i v e  

d a ta  on th e  f i s h ' s  th y r o id  r e s p o n s e  to  TSH have  e x c lu s iv e ly  

d e a l t  w ith  e i t h e r  mammalian p r e p a r a t io n s  o f  v a ry in g  d e g re e s

(4)
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o f  p u r i t y  o r  c ru d e  non-m am m alian p i t u i t a r y  e x t r a c t s .  T hese 

r e s u l t s  m ust o f t e n  be  i n t e r p r e t e d  w ith  r e s e r v a t i o n s .  I t  i s  

d i f f i c u l t  to  a s s e s s  th e  e f f e c t s  o f  i n j e c t i n g  la r g e  am ounts 

o f  f o r e ig n  p r o t e i n  i n to  a sm a ll  t e s t  a n im a l and  o f  i n j e c t i n g  

c ru d e  e x t r a c t s  c o n ta in in g  a  v a r i e t y  o f  c o n ta m in a n ts , horm onal 

o r  o th e r w is e ,  t h a t  may c au se  unknown i n t e r a c t i o n s .  S t r e s s  

e f f e c t s  a r e  a l s o  e s p e c i a l l y  im p o r ta n t  c o n s id e r a t io n s  in  t h y ­

r o i d  r e s e a r c h .  The im p l ic a t io n s  o f  b io c h e m ic a l  e v o lu t io n  

can n o t be ig n o re d  e i t h e r  (G eschw ind, 1 9 5 9 ). I t  i s  l i k e l y  

t h a t  mammalian th y r o t r o p in s  d i f f e r  from  th o s e  o f  f i s h  i n  h a v ­

in g  d i f f e r e n t  te m p e ra tu re  op tim a  and  e x e r t  t h e i r  e f f e c t s  in  

a s s o c i a t io n  w i th  d i f f e r e n t  enzyme sy s te m s . For exam ple. Dent 

and  Dodd (1961) showed t h a t  a  th r e s h o ld  re s p o n s e  in  new ly 

h a tc h e d  d o g f is h  (12° C) r e q u i r e d  a t  l e a s t  f i f t y  tim e s  a s  much 

ox TSH a s  t h a t  r e q u i r e d  f o r  su ch  a  r e s p o n s e  in  man (37° C) . 

E i th e r  o f  th e  above i n t e r p r e t a t i o n s  c o u ld  a p p ly .

Examples o f  su ch  in c o n g ru e n c ie s  on th y r o t r o p in  a s s a y s  

a s  m en tio n ed  above a r e  r i f e  i n  th e  l i t e r a t u r e  on non-mammal­

ia n  th y r o id  r e s e a r c h .  C le a r ly ,  an  a t te m p t  to  s ta n d a rd iz e  an 

a s s a y  f o r  f i s h  t h y r o t r o p in  t h a t  p ro v id e s  p h y lo g e n e tic  n e a r ­

n e s s  o f  th e  r e c i p i e n t  to  th e  donor s p e c ie s  i s  d e s i r a b l e .

The m ethods f o r  a s s e s s in g  t h y r o id  a c t i v i t y  in  f i s h  a l ­

m ost e x c lu s iv e ly  employ a  r a d io io d in e  i s o to p e  and m easure  

th y r o id  u p ta k e  r a t e s  o r  u p ta k e  p e rc e n ta g e s  o f  th e  i n j e c t e d  

dose  by d i r e c t  c o u n tin g  (Gorbman and B e rg , 1955; Fromm and  

R e in e k e , 1956; F o n ta in e  and  F o n ta in e ,  1956) o r  by a u to r a d io ­

g raphy  (O liv e re a u ,  1 9 5 5 ); t h y r o id  e x c r e t io n  r a t e s  ( S w if t ,  

1955; R ig g s , 1952) o r  th e  amount o f  r a d i o a c t i v e  hormone r e ­

le a s e d  by th e  g la n d  (B e rg , Gorbman, and  K obayash i, 1959; 

C hav in , 1965; H ickm an, 1962 ),
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M ethods t h a t  employ p ro b in g  th e  t h y r o id  a re a  o r  m ethods 

t h a t  m easure  th e  r a d i o a c t i v i t y  o f  th e  i s o l a t e d  g la n d  ( th y r o id  

a r e a )  can n o t be  r e a d i l y  a cc o m p lish e d  on g o ld f i s h  b e ca u se  in  

t h i s  s p e c ie s  th e  g la n d  i s  d i f f u s e ,  ab o u t tw o - th i r d s  o f  th e  

f o l l i c l e s  r e s i d e  in  th e  h e ad  k id n e y  (C h a v in , 1956a, 1956b). 

T h e re fo re ,  an a s sa y  m ethod w ith  t h i s  s p e c ie s  w ould p r e f e r a b ly  

be c a r r i e d  o u t on serum  o r  o th e rw is e  employ th e  la b o r io u s  and  

le n g th y  h i s t o l o g i c a l  m ethods ( P ic k f o rd ,  19 5 4 ).

The p r e s e n t  s tu d y  was d i r e c te d  to w ard  fo llo w in g  some o f  

th e  p a ra m e te rs  o f  serum  io d in e  from  i n t a c t  g o ld f i s h  t h a t  i n ­

d i c a te  th e  t h y r o i d 's  re s p o n s e  t o  exogenous p i t u i t a r y  e x t r a c t .  

I t  a t te m p ts  to  r e l a t e  a  c a rp  p i t u i t a r y  e x t r a c t  i n j e c t i o n  to  

a th y r o id  re s p o n se  and  th e n ,  r e l a t e  an  e x t r a c t  dosage ran g e  

to  a  b i o lo g i c a l  re s p o n se  ra n g e .

F u r th e r  s tu d i e s  u s in g  a p a r t i a l l y  p u r i f i e d  f i s h  t h y r o ­

t r o p i c  f a c t o r  w ere c a r r i e d  o u t on i n t a c t  and  h y p o p h y se c to ­

m ized  k i l l i f i s h .  In  o th e r  e x p e r im e n ts  on k i l l i f i s h  s e v e r a l  

p a ra m e te rs  o f  th e  th y r o id  re s p o n s e  to  p u r i f i e d  mammalian TSH 

w ere  t e s t e d  s im u lta n e o u s ly . W ith  th e s e  d a ta  an e v a lu a t io n  

o f  th e  m ost v a l i d  and  r e a d i l y  m easu red  in d e x  o f  th y r o id  a c ­

t i v i t y  c o u ld  b e  m ade. A ls o , f u r t h e r  o b s e r v a t io n s  w ere  made 

on th e  known v a r i a b le s  in  io d in e  m e tab o lism  t h a t  c o u ld  a f f e c t  

th e  t e s t  a n im a l 's  re s p o n s e  to  exogenous TSH and  a f f e c t  th e  

i n t e r p r e t a t i o n  o f  th e  a s s a y  r e s u l t s .



METHODS

P a r t  I  

E x p erim en ts  on g o ld f i s h  

A ll  f i s h  w ere ta k e n  from  th e  U n iv e r s i ty  o f  Oklahoma 

F i s h e r i e s  R esea rch  C e n te r  h o ld in g  ponds a t  th e  in d ic a te d  

t im e s  o f  y e a r .  P r io r  to  t h e i r  a c c l im a t io n  in  th e  e x p e r i ­

m e n ta l en v iro n m en t, th e  c o n d i t io n s  d e s c r ib e d  d u rin g  r a d i o - 

io d in e  t r e a tm e n t ,  th e  f i s h  w ere  k e p t i n  in d o o r  h o ld in g - ta n k s  

and  a llo w e d  to  a d ju s t  to  g e n e r a l  aquarium  c o n d it io n s  (room 

te m p e ra tu re ,  in d o o r  l i g h t i n g ,  a e r a t i o n ,  " b u i ld in g  n o i s e s " ,  

and  r e g u la r  fe e d in g )  f o r  se v en  t o  t e n  d a y s .

A. T o ta l  serum  1-131  and  p r o t e i n  bound 1-131  fo llo w in g  a 

s i n g l e  r a d io io d in e  i n j e c t i o n .

T h is  p i l o t  s tu d y  was d e s ig n e d  to  d e te rm in e  th e  tim e  r e ­

q u ir e d  f o r  maximum serum  io d id e  c o n v e rs io n  to  p r o t e in  bound 

io d in e  and  th e  tim e  f o r  optimum serum  io d in e  l e v e l s  f o r  d e ­

te rm in in g  th e s e  c o n v e rs io n  r a t i o s .  Fem ale g o ld f i s h  (61 +

6 gm, A p r i l )  w ere i n j e c t e d  i n t r a p e r i t o n e a l l y  th ro u g h  th e  

f l e s h y  t i s s u e  a ro u n d  th e  u r i n o g e n i t a l  o p én in g s  w ith  0 .064  

m ic ro c u r ie s  o f  r a d io io d in e  p e r  gm body w e ig h t (N aI-131 w ith  

a  t r a c e  amount o f  c a r r i e r  N aI-1 2 7 ) and  k e p t  in  te m p e ra tu re -  

c o n t r o l l e d  (19 ±  0 .5 °  C ) , s ta n d in g  w a te r .  The f i s h  w ere a c ­

c l im a te d  in  th e  sy stem  f i v e  days p r i o r  to  i n j e c t i o n  in  an 

a t te m p t to  a llo w  io d in e  e q u i l i b r a t i o n .  B lood sam ples w ere 

drawn w ith  c le a n ,  d ry  s y r in g e s  from  th e  r i g h t  o r  l e f t  e f f e r ­

e n t  b r a n c h ia l  a r t e r y  (1 .0  t o  2 m l / f i s h )  a t  sam pling  p e r io d s  

o f  8 , 17 , 2 5 , 3 3 , 4 1 .5 ,  4 5 , and  4 9 .5  h o u rs  a f t e r  r a d io io d in e  

i n j e c t i o n s .  The w hole b lo o d  was a llo w e d  to  c lo t  in  c e n t r i ­

fu g e  tu b e s ,  th e  c l o t s  w ere c e n t r i f u g e d  a t  4000 rpm f o r  10 

m in u te s ,  and th e  s e r a  w ere d e c a n te d  and f ro z e n  in  v i a l s  f o r

(7)
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su b se q u e n t a n a l y s i s .  C lo t t in g  was co m p le te  a f t e r  f i v e -  te n  

m in u te s  a t  room te m p e ra tu re .  T h is  m ethod f o r  c o l l e c t i n g  

serum  a t  th e  n o te d  sam p lin g  t im e s  was u se d  th ro u g h o u t th e  

s tu d i e s  on g o l d f i s h .  The s e r a  from  th r e e  f i s h  sam pled a t  

45 h o u rs  w ere  p o o le d  and a  2 .0  m l p o r t io n  o f  t h i s  was p a sse d  

th ro u g h  a  Sephadex G-25 colum n (1x18 cm, 19-29 cm h y d r o s t a t i c  

h e a d , p, = 0 .1 6 ,  pH = 7 ,0 ,  p h o sp h a te  b u f f e r )  a t  room te m p e ra ­

t u r e .  The colum n e f f l u e n t ,  c o n s i s t in g  o f  1 .0  ml sam ples t h a t  

w ere  c o l l e c t e d  th ro u g h o u t th e  p r o t e i n  r a n g e ,  and  0 .3 5  ml 

a l i q u o t s  o f  serum  from  each  o f  th e  above serum  sam ples w ere 

added  to  2 .0  m l o f  20% (w t /v o l)  t r i c h l o r o a c e t i c  a c id  (TCA) 

and  c e n t r i f u g e d  u n t i l  c l e a r ,  (H ickm an, 1961; B a le s , 1963).

The s u p e r n a ta n ts  w ere  d e c a n te d  an d  th e  p r e c i p i t a t e s  washed 

tw ic e  w ith  0 .5  ml o f  5.0% TCA. The w ashes and  s u p e rn a ta n ts  

o f  each  in d iv id u a l  sam ple w ere com bined , and  th e  volum es a d ­

j u s t e d  w ith  w a te r  to  4 .0  m l f o r  s c i n t i l l a t i o n  c o u n tin g . The 

p r e c i p i t a t e s  w ere  r e c o n s t i t u t e d  i n  2 .0  m l o f  0 .0 1  N NaOH and 

made to  4 .0  m l. The column sam p les  fo l lo w in g  th e  p r o t e in  

ra n g e  o f  e f f l u e n t  w ere  p re p a re d  f o r  c o u n tin g  by ta k in g  1 .0  ml 

from  each  and  a d ju s t i n g  th e  volum e to  4 .0  m l w ith  w a te r .  A l l  

th e  sam ples c o n ta in e d  in  u n ifo rm  v i a l s  w ere co u n te d  in  a  N al 

c r y s t a l ,  w e l l  d e te c to r  (T ra c e r la b  K e le k e t t  Mark I I ) .  C ounts 

w ere  made f o r  5000 c o u n ts  p e r  m in u te  (cpm) o r  10 m in u te s , 

w h ich ev e r was th e  s h o r t e r .

B. E f fe c t  o f  p i t u i t a r y  e x t r a c t  on th e  tw o-day  c o n v e rs io n  

r a t i o  in  serum  1 -1 3 1 .

T h is  e x p e rim e n t was d e s ig n e d  to  d e te rm in e  th e  e f f e c t  o f  

a s in g l e  i n j e c t i o n  o f  p i t u i t a r y  e x t r a c t  ( th e  aqueous s u p e r ­

n a ta n t  o f  one e x t r a c t i o n  o f  hom ogenized  f r e s h  f ro z e n  c a rp  

g la n d s  w ith  pH 7 .0 ,  | j l  = 0 .1 6  p h o sp h a te  b u f f e r )  on th e  p e r ­
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c e n ta g e ^  o f  serum  P B I-131 . S ev en ty -tw o  fem ale  g o ld f i s h  (74  + 

18 gm, A p r i l )  w ere m arked w i th  c o lo r -c o d e d  beads s e c u re d  w ith  

a  lo o p  o f  th r e a d  th ro u g h  th e  d o r s a l  f i n  a r e a  o f  th e  f i s h  f o r  

n in e  e x p e r im e n ta l  and  n in e ^ c o n t r o l  g ro u p s o f  fo u r  and  a c c l i ­

m ated  a s  above f o r  f i v e  d a y s . H a lf  th e  f i s h  (e x p e r im e n ta l  

g ro u p s)  r e c e iv e d  p i t u i t a r y  e x t r a c t  (100 \ig  f r e s h  g la n d  e q u iv -  

a le n t/g m  body w e ig h t)  and  a l l  f i s h  r e c e iv e d  r a d io io d in e  (0 .0 5  

uc/gm  w ith  t r a c e  amount o f  N a l-127) 24 h o u rs  p r i o r  to  each  

in d iv id u a l  sam p lin g  p e r io d .  The i n j e c t i o n  c a r r i e r  was 

R in g e r 's  s o lu t io n  (10 |i l /g m ) .  A long w ith  th e  above g ro u p s , 

s i x  non-m arked f i s h  w ere  in c lu d e d  a s  n o n - I -131 i n j e c t e d  c o n ­

t r o l s  to  i n d i c a t e  th e  amount o f  r a d i o a c t i v i t y  th e  f i s h  w ould 

ta k e  up from  th e  1 -131  a c c u m u la tio n  in  th e  w a te r  o v e r th e  

e x p e r im e n ta l  p e r io d .  B lood was drawn a s  above a t  n in e  s u c ­

c e s s iv e  p e r io d s  ( i n t e r v a l s  o f  12 h o u rs  each ) fo llo w in g  th e  

i n j e c t i o n  o f  p i t u i t a r y  e x t r a c t .  Serum sam ples w ere k e p t  f r o ­

zen  u n t i l  p r e c i p i t a t e d  w ith  TCA a s  a b o v e , (Man, 1 9 6 2 ).

The n o n - I -131 i n j e c t e d  f i s h  w ere  sam pled  two f i s h  each  

tim e  a t  th e  t h i r d ,  s i x t h ,  and  n i n th  12 h o u r i n t e r v a l s .  A gain  

serum  a l i q u o t s  (0 .5  m l) w ere  t r e a t e d  w ith  TCA and c o u n te d  a s  

b e f o r e .

The s e r a  re m a in in g  a f t e r  TCA p r e c i p i t a t i o n  w ere p o o le d  

w i th in  each  g roup  and  a  1 .0  m l a l i q u o t  o f  each  p o o le d  group

^  The serum  PB I-131 p e rc e n ta g e  i s  th e  r a t i o  (e x p re s s e d  a s  

a  p e rc e n t)  o f  th e  r a d i o a c t i v i t y  a s s o c i a t e d  w ith  th e  serum  

p r o t e in s  to  th e  t o t a l  serum  r a d i o a c t i v i t y ;  s i m i l a r l y ,  th e  

B EI-131 p e rc e n ta g e  r e f e r s  t o  th e  r a t i o  o f  th e  r a d i o a c t i v i t y  

i n  th e  b u ta n o l  e x t r a c t  o f  serum  t o  th e  t o t a l  r a d i o a c t i v i t y  

e x t r a c t e d  from  serum . T hese  d e f i n i t i o n s  a p p ly  th ro u g h o u t 

th e  fo llo w in g  e x p e r im e n ts .
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was e x t r a c te d  once w ith  5 .0  m l o f  n - b u ta n o l  ( s a tu r a t e d  w ith  

d i s t i l l e d  w a te r )  a t  room te m p e ra tu re .

In  a  serum  e x t r a c t i o n  w ith  th e s e  c o n d i t io n s ,  f r e e  and  

p r o t e i n  bound th y r o x in e ,  t r i i o d o t h y r o n i n e ,  and  io d in a te d  

amino a c i d s ,  a s  w e l l  a s  f r e e  io d id e  p a r t i t i o n  betw een th e  

aqueous and  b u ta n o l  p h a s e s . T h ree  such  e x t r a c t io n s  a r e  n e c ­

e s s a r y  to  rem ove a l l  form s o f  io d in e  q u a n t i t a t i v e l y  (T aurog  

and  C h a ik o ff , 1 9 4 8 ). For th e  sa k e  o f  s i m p l i c i t y ,  and  s in c e  

c o m p a ra tiv e  r e s u l t s  be tw een  f i s h  r e c e iv in g  horm onal i n j e c ­

t i o n s  and t h e i r  c o n t r o l s  w ere  d e s i r e d ,  o n ly  one e x t r a c t io n  

was made. The b u ta n o l  was l a t e r  a c i d i f i e d  to  f a c i l i t a t e  th e  

th y r o x in e - p r o te in  co m p lex 's  d i s s o c i a t i o n  (C haney, 1 9 5 8 ). A 

s u f f i c i e n t  volum e o f  anhydrous b u ta n o l  was u se d  on a c i d i f i e d  

k i l l i f i s h  s e r a  to  d i s s o lu e  a l l  o f  th e  serum  w a te r  and  e l im ­

i n a t e  any p a r t i t i o n i n g  betw een  b u ta n o l  and  w a te r  o f  serum .

Four ml o f  th e  n - b u ta n o l  p h a se  w ere  e x t r a c te d  w ith  an  

e q u a l  volume o f  4 N NaOH-5% Na2 C0 3  s o l u t io n  and  3 .5  ml o f  

th e  r e s u l t i n g  a l k a l i n e  and  b u ta n o l  p h a se s  w ere  coun ted  s e p ­

a r a t e l y  w ith  c o n s i s t e n t  geom etry  a s  b e f o r e .  The p a ra -h y ­

d ro x y l g roups o f  t r i i o d o th y r o n in e  and  th y ro x in e  do n o t  d i s ­

s o c i a t e  a t  t h e  pH o f  th e  a q u e o u s , a l k a l i n e  s o lv e n t  and  th e y  

rem a in  (94-96%) in  th e  o rg a n ic  p h a se ;  w h e re a s , m onoiodo- and 

d i io d o th y r o n in e , io d in a te d  t y r o s i n e ,  and  io d id e  a re  e x t r a c t e d  

from  th e  o rg a n ic  p h a se . The b u ta n o l  f r a c t i o n  th u s  c o n ta in s  

th e  serum  r a d io th y r o x in e  and  r a d io t r i i o d o th y r o n in e  and th e  

r a t i o  o f  th e  r a d i o a c t i v i t y  i n  th e  b u ta n o l  e x t r a c t  to  th e  

r a d i o a c t i v i t y  i n  th e  a l k a l i n e  and  b u ta n o l  e x t r a c t s  r e p r e s e n t s  

th e  r a d io th y r o x in e  c o n v e rs io n  r a t i o .

B ackground c o u n ts  ta k e n  e v e ry  h o u r  th ro u g h o u t c o u n tin g  

p e r io d s  i n d ic a te d  no d e te c t a b l e  m ach ine  d r i f t  n o r  i n s t a b i l i t y .
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c. L og-dose  re s p o n s e  r e l a t i o n s h i p  be tw een  c ru d e  p i t u i t a r y  

e x t r a c t  and  serum  PB I-131 p e r c e n ta g e s .

F iv e  g roups o f  g o ld f i s h  ( fe m a le , 74 ±  22 gm, M arch) w ere  

i n j e c t e d  a s  above w i th  1000 , 300, 100 , 3 0 , and  10 ug f r e s h  

g la n d  e q u iv a le n t/g m  body w e ig h t ,  r e s p e c t i v e l y ;  a  s i x t h  g roup  

was i n j e c t e d  w i th  1 .0  m ic ro u n it  o f  USP (M u sse tt and  P e r ry ,  

1955) s ta n d a rd  th y ro tro p in /g m ;  and  a  s e v e n th  group  r e c e iv e d  

a  c a r r i e r  i n j e c t i o n  o n ly .  S ev en ty -tw o  h o u rs  a f t e r  th e  i n ­

j e c t i o n s ,  each  f i s h  r e c e iv e d  0 .2  ^ c  I-1 3 1 /g m , i n t r a p e r i t o ­

n e a l ly  in  0.6% N a C l- tr a c e  N aI-127 s o l u t io n  (10 |i l /g m ) . I o ­

d in e -1 3 1  c o n v e rs io n  r a t i o s  w ere  d e te rm in e d  on in d iv id u a l  

serum  sam ples c o l l e c t e d  48 h o u rs  l a t e r  by  th e  TCA p r e c i p i ­

t a t i o n  m ethod p r e v io u s ly  d e s c r ib e d .

D. L og-dose  re s p o n s e  r e l a t i o n s h i p  be tw een  c ru d e  p i t u i t a r y  

e x t r a c t  and  BEX-131 p e rc e n ta g e s  (r a d io th y r o x in e  c o n v e rs io n  

r a t i o s )  i n  se rum .

Fem ale g o ld f i s h  (72 +  16 gm, A ugust) w ere t r e a t e d  w ith

0 .2  |ic  c a r r i e r  f r e e  N aI-131/gm  and p i t u i t a r y  e x t r a c t  (1 0 ,

50 , 100 , 200 , and  1000 iig/gm) to  e s t a b l i s h  a lo g -d o se  to  r e ­

sponse  r e l a t i o n s h i p  be tw een  p i t u i t a r y  e x t r a c t  and  BEX-131 

(60 h o u rs  a f t e r  e x t r a c t  i n j e c t i o n ;  36 h o u rs  a f t e r  X-131 i n ­

j e c t i o n ) .  The s e r a  (0 .5  m l a l i q u o t s )  w ere  e x t r a c te d  once 

w ith  n - b u ta n o l  ( 2 ,0  m l) s a t u r a t e d  w i th  1 .0  N HCl and  th e  bu t - 

a n o l p h ase  was e x t r a c t e d  once w ith  2 N NaOH-5% Na2 C0 3  ( 2 .0  

m l) and  a g a in  w ith  4 N NaOH-5% Na2 C0 3  (2 .0 m l) .  Counts w ere 

made on each  o f  th e  t h r e e  r e s u l t i n g  e x t r a c t s  (1 .8  m l a l i q u o t ) .

E. Serum X-131 d i s t r i b u t i o n  in  Sephadex G-lOO g e l  f i l t r a ­

t i o n .

C o n tro l s e r a  (p o o le d  from  fo u r  f i s h )  c o l l e c t e d  9 , 2 3 .5 ,  

and  36 h o u rs  a f t e r  X-131 i n j e c t i o n ,  w ere  p a sse d  s e p a r a te ly
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th ro u g h  a Sephadex G-lOO column (1x18 cm, 19-29 cm h y d r o s ta ­

t i c  h e a d , [x = 0 .1 6 , pH = 7 .0 ,  p h o sp h a te  b u f f e r )  a t  room tem ­

p e r a t u r e .  E f f lu e n t  sam ples w ere a n a ly s e d  f o r  t o t a l  p r o t e in  

by  th e  F o l in - C io c a l te u  m ethod (m o d if ic a t io n  d e s c r ib e d  by 

B a i le y ,  1962) and  t o t a l  io d in e  r a d i o a c t i v i t y .



P a r t  I I

E x p erim en ts  on k i l l i f i s h  

F is h  w ere k e p t in  te m p e ra tu re  r e g u la te d  rooms (20 ±

0 .5 °  C) and  on an  a r t i f i c i a l  e ig h t - h o u r  day le n g th .  They 

w ere fe d  d a i ly  on A ro n s o n 's  m ix (a b o u t 15 ixg io d in e /1 0 0  gm 

body w e ig h t d a i ly )  su p p lem en ted  w eek ly  w ith  f ro z e n  b r in e  

sh rim p  o r  d a p h n ia . The f i s h  w ere  ta k e n  from  a t r i b u t a r y  to  

New Haven h a rb o r  and  g iv e n  r o u t in e  t r e a tm e n t  f o r  e x te r n a l  

body p a r a s i t e s  in c lu d in g  m an u a lly  p ic k in g  E r g a s i lu s  sp . o f f  

th e  g i l l s .  A f te r  a  week o f  a c c l im a t io n ,  r o u t in e  fe e d in g  was 

begun . A f te r  hypophysectom y (m ethod o f  P ic k f o rd ,  1 9 5 4 ), i d e n ­

t i f y i n g  f i n  c l i p s  w ere  made and  th e  f i s h  w ere f a s t e d  f iv e  

days to  a llo w  h e a l in g  o f  th e  r o o f  o f  th e  m outh. P r io r  to  

h a n d lin g  th e  f i s h  w ere  a n e s th e t i z e d  in  t r ic a in e m e th a n e s u l -  

p h o n a te  ( 0 .4  m g /m l). A l l  i n j e c t i o n s  w ere i n t r a p e r i t o n e a 1

(10 (xl/gm) .

A. T h y ro id  a c t i v i t y  a sse ssm e n t

T h y ro id  u p ta k e  o f  r a d io io d in e  was m easured  e i t h e r  on 

d i s s e c te d  th y r o id s  ( t h y r o id  a r e a s )  o r  on l i v e  f i s h  w ith  a 

s c i n t i l l a t i o n  p ro b e  and  e x p re s s e d  a s  a  p e rc e n ta g e  o f  th e  i n ­

j e c t i o n  dose  (0 .0 2 - 0 .5  u c  N a l-125 o r  N a l-1 3 1 , c a r r i e r  f r e e ,  

i n  1 0 .0  111 p h y s io lo g ic a l  s a l i n e  p e r  gram body w e ig h t ) .

1 . P robe c o u n tin g  V a rio u s  a rra n g e m e n ts  f o r  p ro b in g  k i l l i ­

f i s h  th y r o id s  w ere t r i e d  to  d e te rm in e  th e  m ost a c c u ra te  m eas­

urem ent o f  th y r o id  r a d i o a c t i v i t y .  The m ost s u i t a b l e  s y s t ­

em c o n s i s te d  o f  a m e c h a n ic a l  s ta g e  t h a t  p e rm it te d  p o s i t i o n ­

in g  an  a n e s th e t i z e d  f i s h  h e ld  i n  a  L u c i te  c a r r i e r  on i t s  

b ack  so  t h a t  i t s  w hole t h y r o id  a re a ^  was exposed  b e in g  ab o u t

^  T h is  a r e a  was d e te rm in e d  by sc a n n in g  th e  low er jaw  when

(13)
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3 -4  mm below  a  0 .625  cm -bore  c o l l im a to r  and  a b o u t 28-29 mm 

below  a  s h ie ld e d  N al s c i n t i l l a t i o n  d e te c t o r  (B a ird  Atomic 

m odel 812-S) . C ounts f o r  2 -4  m in u te s  w ere  s u f f i c i e n t  (4000 

cpm o r  g r e a t e r )  f o r  f i s h  i n j e c t e d  w i th  0 .5  [ic I-1 3 1 /g m j th e  

gamma en e rg y  o f  1 -125 was to o  low f o r  a c c u r a te  p ro b in g . 

I n i t i a l l y ,  r a d i o a c t i v i t y  o f  th e  abdomen ( in c lu d in g  th e  b a c k ­

g round  r a d i a t i o n )  was s u b t r a c t e d  from  th e  t h y r o id  m easurem ent, 

b u t  s in c e  th e  t h y r o id  a c t i v i t y  was e x c e e d in g ly  h ig h  r e l a t i v e  

to  t h a t  o f  th e  abdomen ( l e s s  th a n  40 cpm ), t h i s  c o r r e c t io n  

was n o t  n e c e s s a r y .  The u se  o f  a  s p e c tro m e te r  f o r  c o u n tin g  

p u ls e s  o n ly  i n  th e  p h o t o e l e c t r i c  e n e rg y  ra n g e  made b a c k ­

g round  (10 i  4 cpm) c o r r e c t io n s  u n n e c e s s a ry .

I t  was p o s s ib le  w i th  th e  p ro b e  to  fo l lo w  th e  n e t  lo s s  

o f  t h y r o id  r a d i o a c t i v i t y  on in d iv id u a l  f i s h  from  day to  day .

On t h i s  b a s i s ,  th e  o p tim a l p e r io d  f o r  m ea su rin g  u p ta k e  d i f ­

f e r e n c e s  in  c o n t r o l  and  s t im u la te d  f i s h  was s e l e c t e d .

2 . W ell c o u n tin g  F o r d e te rm in in g  th e  r a d i o a c t i v i t y  o f  

th y r o id s  in  th e  w e l l - s c i n t i l l a t i o n  d e te c to r  th e  th y r o id s  w ere 

d i s s e c t e d  o u t a t  a u to p s y ,  p la c e d  i n  v i a l s  c o n ta in in g  B o u in 's  

f i x a t i v e ,  and  c o u n te d  a f t e r  one change o f  f i x a t i v e  abou t 24 

h o u rs  l a t e r .  Good co u n t r a t e s  w ere  o b ta in a b le  w i th  r a d i o - 

io d in e  d osages a s  low  a s  0 .0 2  |ic /gm  o r  even l e s s  i f  th e  

th y r o id s  w ere h ig h ly  s t im u la te d .  U s u a lly , th e  0 .5  ^c/gm  dose

th e  f i s h  was p la c e d  on i t s  b ack  an d  i t s  h ead  r a i s e d  so t h a t  

th e  s u r f a c e  o f  th e  lo w er jaw  was p e rp e n d ic u la r  to  th e  c o l ­

l im a to r .  T h is  a rra n g em e n t was s u f f i c i e n t l y  r e p r o d u c ib le .

The p eak  o f  a c t i v i t y  was found  t o  be  r e s t r i c t e d  to  1-3  mm 

a lo n g  th e  m e d ia l a x is  o f  th e  lo w er jaw  c o rre s p o n d in g  to  th e  

a r e a  j u s t  above th e  p o in t  w here th e  a f f e r e n t  g i l l  a r t e r i e s  

b ra n c h  o f f  from  th e  v e n t r a l  a o r t a .
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was to o  h ig h  f o r  o p t im a l  c o u n tin g  r a t e s  i n  th e  w e l l  d e t e c t o r ,  

i n  w hich  c a s e ,  th e  r a d i o a c t i v i t y  was a llo w e d  to  decay  to  th e  

o p tim a l l e v e l  b e fo r e  c o u n tin g .  C ounts above ab o u t 300x10^ 

c au se d  h y s t e r e s i s  i n  th e  d e t e c t o r 's  p h o to tu b e ;  h ig h  c o u n ts  

a l s o  made a  c o r r e c t i o n  f o r  dead  t im e ,  th e  r e f r a c t o r y  p e r io d  

fo l lo w in g  an  im p u lse , n e c e s s a r y .

3 . B u ta n o l e x t r a c t i o n  The b u ta n o l  e x t r a c t i o n  m ethod f o r  

r a d io th y r o x in e  d i f f e r e d  from  Mougey and  M ason 's (1962) mod­

i f i c a t i o n  o f  T aurog and  C h a ik o f f  s (1948) p ro c e d u re  o n ly  in  

i t s  a p p l i c a t i o n  to  s m a l le r  serum  volum es (20-150  | i l )  and  in  

th e  e s t im a t io n  o f  r a d io io d in e  r a t h e r  th a n  th e  e s t im a t io n  o f  

io d in e  by  i t s  c a t a l y t i c  a c t i o n  on e e r i e  io n  r e d u c t io n .

The b u ta n o l  e x t r a c t i o n  p ro c e d u re  was a p p l ie d  i n  a  p i l o t  

s tu d y  on i n t a c t  f i s h  i n j e c t e d  w ith  0 .5  |xc I-131 /gm  to  d e t e r ­

m ine th e  sa m p lin g  tim e  f o r  th e  m axim al r a t e  o f  serum  r a d i o - 

io d in e  c o n v e rs io n  to  r a d io th y r o x in e  a lo n g  w ith  t h y r o id  r a d i o - 

io d in e  f i x a t i o n  a s  d e te rm in e d  by p ro b in g  th e  t h y r o id  a r e a .

4 . T h y ro id  c e l l  h e ig h t s  Mean th y r o id  c e l l  h e ig h t s ,  e x p r e s s ­

ed i n  m ic ro n s , w ere d e te rm in e d  by th e  m ethod u sed  by P ic k fo rd  

(1 9 5 4 ). One h u n d red  f o l l i c l e s  from  g ro u p s o f  f i v e  s e c t io n s  

(7 th i c k )  ta k e n  e v e ry  5 0 th  t r a n s v e r s e  s e c t io n  ( a l t e r n a t i n g  

g ro u p s o f  f i v e  s e c t i o n s ,  e v e ry  o th e r  20 th ro u g h  25 s e c t i o n s ,  

w ere s t a in e d  w i th  h e m a to x y l in -e o s in  an d  a z a n -H e id e n h a in 's  

" t r i - c h r o m e ,"  a z o c a rm in e , c o u n te r s ta in e d  w ith  a n i l i n e  b lu e  

and o range-G ) a c r o s s  th e  w hole g la n d  o f  each  f i s h  w ere  u se d  

in  e s t im a t in g  c e l l  h e i g h t s .  The g la n d s  w ere  f ix e d  in  B o u in 's  

f i x a t i v e  and  s t a in e d  w i th  h e m a to x y l in -e o s in  f o r  g e n e r a l  m ic ­

ro s c o p ic  e x a m in a tio n  and  w ith  a za n  to  d i s c lo s e  r e s t i n g ,  

a c t i v e , and  m ixed  f o l l i c l e s .

B. I o d in e -127 e s t im a t io n
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D e te rm in a tio n s  o f  th e  s t a b l e  i s o to p e  o f  io d in e  w ere 

made on th e  aquarium  w a te r  (Long I s l a n d  Sound se a  w a te r , 

ab o u t 15foo) , s e r a  and  th y r o id s  from  f i s h  a d a p te d  to  f r e s h ­

w a te r ,  and  s e r a  and  th y r o id s  from  f i s h  k e p t  in  se a  w a te r .  

P o o led  s e r a  (50 -150  (xl) and  in d iv id u a l  t h y r o id s  w ere p u t in  

one -m l, t h ic k - w a l le d  P y rex  t e s t  tu b e s  w ith  50 |x l o f  4N Na2 C0 3 , 

d r i e d  i n  an  oven  a t  90 -98° C, c o v e re d  w i th  P y rex  c o v e r s , and  

a sh ed  in  a  m u ff le  fu rn a c e  a t  600 i  25° C f o r  two h o u rs .  The 

a sh  was d is s o lv e d  in  a  s ta n d a r d  volum e (200 |x l f o r  serum ;

1 .0  ml f o r  th y r o id s )  o f  2N HCl and  th e  io d in e  e s t im a te d  by 

i t s  c a t a l y t i c  a c t io n  on e e r i e  io n  r e d u c t io n  by a r s e n i t e .

R ogina and  D u b ra v c ic ' s  (1953) m o d if ic a t io n  o f  C haney 's (1938) 

p ro c e d u re  was fo llo w e d  a f t e r  th e  o rg a n ic  m a t e r i a l  was a sh e d . 

The same p ro c e d u re , e x c lu d in g  a s h in g ,  was fo llo w e d  f o r  an  

a p p r o p r ia te  q u a n t i ty  o f  aq u ariu m  w a te r .  Io d in e  d e te rm in a ­

t io n s  w ere  n o t  made i n  e v e ry  e x p e r im e n t;  th e y  w ere done i n ­

i t i a l l y  w ith  th y r o id  r a d io io d in e  u p ta k e s  o f  s a l t  w a te r  and  

f r e s h w a te r  f i s h  f o r  an  e v a lu a t io n  o f  how th e  serum  io d id e  

p o o l ,  th e  w a te r  io d in e  c o n c e n tr a t io n '^ ,  and  d i e t a r y  io d in e  

r e l a t e d  to  u p ta k e  p e rc e n ta g e .

C. P i t u i t a r y  i n j e c t i o n  p r e p a r a t io n s

Crude p i t u i t a r y  p r e p a r a t io n s  e i t h e r  in  th e  form  o f  a

^  E xcep t f o r  two e x p e r im e n ts ,  s u b s e q u e n tly  n o te d ,  th e  

s a l tw a te r  f i s h  w ere  k e p t  i n  s ta n d in g  w a te r  w h ich  was changed  

a t  f r e q u e n t  enough i n t e r v a l s  (7 -1 0  d ays) to  p re v e n t  io d in e  

d e f i c ie n c y .  M o reo v er, io d in e  was su p p lem en ted  i n  th e  d i e t .

A p r e l im in a ry  e x p e rim e n t on f i s h  i n  50% se a  w a te r  and  50% 

f r e s h w a te r  showed r a d io io d in e  u p ta k e s  com parab le  to  th o s e  o f  

f i s h  in  100% s e a  w a te r  (Long I s l a n d  S o u n d ).
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b r e i  o f  f ro z e n  w hole p i t u i t a r i e s ^  ( c a r p ) , th e  s u p e rn a ta n t  

a f t e r  c e n t r i f u g a t i o n  d i l u t e d  w ith  an  e q u a l  volume o f  d i s ­

t i l l e d  w a te r  ( c a r p ) ,  o r  th e  s u p e r n a ta n t  o f  an e q u a l  vo lum e, 

s in g l e  e x t r a c t  o f  b r e i  (c a rp  and  b u f f a l o f i s h )  w ith  O.IN 

N a C l-p h o sp h a te , pH 7 .0  b u f f e r ,  s e rv e d  a s  th e  s t a r t i n g  m a te r ­

i a l s  f o r  s e v e r a l  su b se q u e n t s e p a r a t io n  p ro c e d u re s .

I n i t i a l l y ,  a  c a rp  p i t u i t a r y  s t a r t i n g  m a t e r i a l ,  u sed  

e f f e c t i v e l y  i n  th e  i s o l a t i o n  p ro c e d u re s  o f  th e  g o n a d a l h y ­

d r a t i o n  p r i n c i p l e  (Clem ens and  G ra n t, u n p u b l is h e d ) ,  was em­

p lo y e d , b u t e x c e s s iv e  l o s s  o f  t h y r o t r o p ic  a c t i v i t y  made i t s  

u se  u n f e a s i b l e .  The p ro c e d u re  in v o lv e d  e x t r a c t in g  f r e s h ly  

thaw ed g la n d s  w ith  pH 4 .2 5 ,  jx = 0 .1  p y r i d i n e - a c e t a t e ,  c e n ­

t r i f u g i n g ,  d e s a l t in g  on a  Sephadex G-25 g e l  colum n, and  

l y o p h i l i z i n g . The s t e p  t h a t  c au sed  lo s s  o f  th y r o t r o p ic  a c ­

t i v i t y  was found  to  be  l y o p h i l i z in g  w ith  th e  v o l a t i l e  b u f f e r .  

A ls o , e x c e e d in g ly  sm a ll  t r a c e s  o f  p y r id in e  a c t u a l l y  i n h i b i t ­

ed  r a d io io d in e  u p ta k e .  By r e c o n s t i t u t i n g  t h i s  m a t e r i a l  in  

d i s t i l l e d  w a te r  and  r e - l y o p h i l i z i n g  i t  t o  c o m p le te ly  remove 

th e  t r a c e  o f  p y r i d in e ,  some th y r o t r o p ic  a c t i v i t y  was d e t e c t ­

a b le .

The n e u t r a l  b r e i - e x t r a c t  (c a rp )  was c e n t r i f u g e d  a t  

6 0 ,0 0 0 x g , 5 .0 °  C . , f o r  20 m in u te s .  The r e s u l t i n g  d e n se , 

t u r b i d  p r o t e i n  s o l u t io n  was a n a ly z e d  f o r  t o t a l  p r o t e i n  by 

th e  F o l in - C io c a l te u  m ethod and f o r  t o t a l  p r o te in  (Ponceau 

S s t a i n )  and  g ly c o p r o te in  ( p e r io d ic  a c i d - S c h i f f 's  r e a g e n t)  

fo l lo w in g  e l e c t r o p h o r e s i s  on a  Beckman M icrozone sy s tem .

^  F re sh  f ro z e n  c a rp  (C y p rin u s c a rp io )  and b u f f a l o f i s h  

( I c t i o b u s . s p . )  g la n d s  w ere  o b ta in e d  th ro u g h  D r. Howard P. 

Clemens from  S t o l l e r  F i s h e r i e s ,  S p i r i t  L ake , Iow a.
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1 . Gel e l e c t r o p h o r e s i s  F u r th e r  p u r i f i c a t i o n  o f  th e  s t a r t ­

in g  p r e p a r a t io n  was c a r r i e d  o u t  on s e v e r a l  v a r i a t i o n s  o f  

g e l  e l e c t r o p h o r e s i s  (c a rp )  and  g e l  f i l t r a t i o n  ( b u f f a l o f i s h ) . 

One s e r i e s  o f  i n j e c t i o n  f r a c t i o n s  was p re p a re d  by e lu t i n g  

s l i c e s  o f  a l a r g e - tu b e  d i s c  e l e c t r o p h o r e t i c  ru n .  The e l e c ­

t r o p h o r e t i c  ru n  was com parab le  to  th e  a n a l y t i c a l  system  d e ­

s c r ib e d  by O rn s te in  and D av is (1964) in  e v e ry  way e x c e p t in  

tu b e  s i z e  (22 mm), ru n n in g  tim e  ( f i v e  h o u rs  a t  15 m a), p r o ­

t e i n  lo a d  (4 4 .4  mg o f  t o t a l  p r o t e in - c a r p  p i t u i t a r y  b r e i  e x ­

t r a c t  -a s  d e te rm in e d  by m ic ro zo n e  e l e c t r o p h o r e s i s ) ,  and sam­

p le  a p p l i c a t io n  ( a p p l ie d  o v e r  th e  s p a c e r  g e l  i n  8 .0  ml o f  

s e m i- f lu id  hom ogenized s p a c e r  g e l  polym er m ixed w ith  th e  

p r o t e in  sam p le ). The g e l  showed r e f r a c t i l e  and  c o lo re d  p r o ­

t e i n  zones a t  th e  end  o f  th e  ru n  t h a t  c o rre sp o n d e d  to  s t a i n ­

ed  zones o f  an  a n a l y t i c a l  d i s c  e l e c t r o p h o r e t i c  ru n  o f  th e  

s t a r t i n g  m a t e r i a l .  Im m ed ia te ly  a f t e r  th e  r u n ,  th e  g e l  c y l ­

in d e r  was s l i c e d  t r a n s v e r s e l y  in to  n in e  a p p ro x im a te ly  e q u a l 

s e c t io n s  from  th e  le a d in g  edge o f  th e  t r a c k in g  dye to  th e  

sm a ll  p o re  g e l - s p a c e r  g e l  i n t e r f a c e .  The s l i c e s  w ere  w e ig h ­

ed  to  th e  n e a r e s t  m il l ig r a m  and  th e  w e ig h ts  w ere r e l a t e d  a c ­

c u r a t e ly  to  g e l  l e n g th .  S l i c e s  in  sequence  from  one th ro u g h  

n in e  c o rre sp o n d in g  t o  th e  d i r e c t i o n  o f  m ig ra t io n  w ere p o o le d , 

c ru s h e d , a llo w e d  to  e l u t e  14 h o u r s ,  i n  10 m l o f  d i s t i l l e d  

w a te r  w ith  c o n s ta n t  a g i t a t i o n ,  c e n t r i f u g e d  th ro u g h  p o ly ­

e th y le n e  f i l t e r i n g  d i s c s ,  c o n c e n tr a te d  by p e rv a p o ra t io n  ( a -  

b o u t 5 h o u rs )  a t  n e a r  f r e e z in g  te m p e ra tu re ,  made to  6 .0  ml 

w ith  d i s t i l l e d  w a te r ,  a l l o t e d  t o  d a i ly  i n j e c t i o n  q u o ta ,  and 

f ro z e n .  The i n j e c t i o n  f r a c t i o n  1 , 2 , 3 , 4 ,  and  5 c o rre s p o n d ­

ed  to  s l i c e s  7 and 8 , 5 an d  6 , 3 and  4 ,  1 and  2 , and  th e  

s p a c e r  g e l ,  r e s p e c t i v e l y .  An e s t im a te  o f  th e  p r o t e in  co n -
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c e n t r a t i o n  o f  each  f r a c t i o n  by  th e  m icro zo n e  e l e c t r o p h o r e t i c  

m ethod was a t te m p te d ,  b u t  th e  am o u n ts , l e s s  th a n  700 |xg/ml 

i n  th e  two m ost c o n c e n tr a te d  f r a c t i o n s ,  3 and 4 , w ere to o  

s m a ll  f o r  a c c u r a te  q u a n t i t a t i o n .  L a rg e r  p r o te in  lo a d s ,  148 

mg and  370 mg o f  s t a r t i n g - m a t e r i a l  t o t a l  p r o t e in  w ere t r i e d ,  

b u t  th e  sy s tem  d id  n o t  o p e ra te  s u c c e s s f u l ly  due to  c lo g g in g  

a t  th e  to p  o f  th e  sm a ll  p o re  g e l .

2 . Gel f i l t r a t i o n  % A n o th e r s e r i e s  o f  i n j e c t i o n  f r a c t i o n s  

w ere  p re p a re d  by f lo w in g  5 .0  m l o f  th e  b u f f a l o f i s h  p i t u i t a r y  

s t a r t i n g  m a t e r i a l  ( p r e f i l t e r e d  on a  s h o r t  G-25 Sephadex c o l ­

umn) th ro u g h  a Sephadex G-lOO colum n (1 .6  x 72 cm, 12 cm h y ­

d r o s t a t i c  h e a d , p. = 0 .0 0 5 , pH 7 .0  p h o sp h a te  b u f f e r ,  8 i  1° C 

w a te r  j a c k e t ) , c a l i b r a t e d  w i th  D e x tra n  b lu e  and r i b o f l a v i n .  

The e f f l u e n t ,  24 m l/h o u r  was c o l l e c t e d  m an u a lly  from  a 4 .0  

ml m e te r in g  s ip h o n , and  a 10 (xl a l i q u o t  o f  each  e f f l u e n t  

sam ple was a n a ly z e d  f o r  t o t a l  p r o t e i n  by th e  F o l in -C io c a l te u  

m ethod . T h ree  m i l l i l i t e r  a l i q u o t s  from  s u c c e s s iv e  sam ples 

c o rre sp o n d in g  to  5 9 .0  th ro u g h  7 9 .0 ,  8 0 .0  th ro u g h  1 0 7 .0 , and

1 0 8 .0  th ro u g h  1 4 7 .0  ml o f  e f f l u e n t  and  c o v e rin g  th e  e n t i r e  

p r o t e i n  r e s o l u t i o n  ra n g e  w ere  p o o le d , ly o p h i l i z e d ,  w eighed

t o  th e  n e a r e s t  0 .1  mg, r e c o n s t i t u t e d  i n  5 .0  ml o f  p h y s io lo g i ­

c a l  s a l i n e  e a c h , d i s t r i b u t e d  i n  d a i l y  i n j e c t i o n  q u o ta ,  and 

f ro z e n  to  g iv e  f r a c t i o n s  I ,  I I ,  and  I I I ,  r e s p e c t iv e ly .

3 . G el f i l t r a t i o n  I I  A t h i r d  s e r i e s  o f  i n j e c t i o n  f r a c t i o n s  

w ere  p re p a re d  by f lo w in g  5 .0  m l o f  b u f f a l o f i s h  p i t u i t a r y  

s t a r t i n g  m a te r i a l  ( p r e f i l t e r e d  on a  s h o r t  G-25 column) 

th ro u g h  a te m p e r a tu r e - r e g u la te d  ( 5 .0  i  0 .1 °  C ), G-lOO c o l ­

umn (1 .6  X 72 cm, 12 cm h y d r o s t a t i c  h e a d , |x = 0 .0 0 5 , pH = 9 .0 , 

TRIS-HCl b u f f e r ) .  T h is  colum n was c a l i b r a t e d  in  th e  way a s  

th e  one d e s c r ib e d  above and  h a d  s i m i l a r  b ed  c h a r a c t e r i s t i c s
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b u t  a s lo w e r f lo w  r a t e ,  16 m l /h o u r . The e f f l u e n t  was m e te re d  

by a 4 .0  ml s ip h o n  to  g iv e  sam p les 1 -2 7 , b e g in n in g  a t  th e  end 

o f  th e  v o id  volum e (5 1 .0  m l) and  en d in g  a t  a  volume e q u iv a ­

l e n t  to  th e  c o l l e c t i v e  aqueous volum e i n s id e  th e  g e l  b ead s 

(1 5 9 .0  m l) Ten m i c r o l i t e r s  from  each  sam ple w ere  ta k e n  f o r  

F o l in - C io c a l te u  t o t a l  p r o t e i n  d e te r m in a t io n s ,  and 2 .0  m l o f  

each  sam ple w ere  p o o le d  f o r  i n j e c t i o n  a c c o rd in g  to  th e  f o l ­

low ing s c h e d u le :  1 -5 ,  f r a c t i o n  I ;  6 -1 0 , f r a c t i o n  I I ;  1 1 -1 4 ,

f r a c t i o n  I I I ;  1 5 -1 9 , f r a c t i o n  IV ; and  2 0 -2 7 , f r a c t i o n  V. The 

f r a c t i o n s  w ere  ly o p h i l i z e d  and  w eighed  a s  b e fo re  b u t  r e c o n ­

s t i t u t e d  i n  p h y s io lo g ic a l  s a l i n e  t o  g iv e  c o n c e n tr a t io n s  o f

3 .5 ,  3 .5 ,  3 .6 ,  3 .5 ,  and  2 .7  mg/m l f o r  f r a c t i o n s  I ,  I I ,  I I I ,  

IV , and  V, r e s p e c t i v e l y  an d  f ro z e n  in  d a i ly  i n j e c t i o n  q u o ta .

D. Mammalian t h y r o id  s t im u la t in g  p r e p a r a t i o n s ^

The fo l lo w in g  mammalian p r e p a r a t io n s  w ere p re p a re d  f o r  

d a i ly  i n j e c t i o n  q u o ta  by d i s s o lv in g  th e  ly o p h i l i z e d  p r o t e in  

in  a b u f f e r e d  (pH 7 .0 )  g e l a t i n e  s o l u t io n  (100 m l o f  0 .5  M 

N aC l, 1 7 .5  m l o f  0 .2  M NaH2P0 4 , 3 0 .5  m l o f  0 .2  M Na2HP0 4 ,

0 .5  gm g e l a t i n e ,  a d ju s te d  t o  500 ml w ith  d i s t i l l e d  H2 O ).

(1 ) T h ree  do sag e  l e v e l s  o f  b o v in e  h e te r o th y r o t r o p ic  

f a c t o r ,  RTF 7-51-C  (Y. A. F o n ta in e )  100 |ig /m l, 10 

tig /m l, and  1 .0  |ig /m l. T h is  p r e p a r a t i o n ,  a s sa y e d  on 

s t a r v in g  t r o u t ,  was e q u iv a le n t  t o  8 .2  TSH-USP u n i ts /m g ;  

on m ic e , i t  was e q u iv a le n t  t o  0 .0 7  TSH-USP u n i ts /m g .

^  T h is  ra n g e  o f  e f f l u e n t , d e te rm in e d  by th e  D ex tran  b lu e  

and  r i b o f l a v i n  c a l i b r a t i o n ,  c o rre sp o n d s  to  th e  p r o t e i n  r e ­

s o lu t io n  ra n g e .

W  T hese m a t e r i a l s  w ere  p r e v io u s ly  a s s a y e d  b y , and  p r o v id ­

ed b y , Y. A. F o n ta in e  (F o n ta in e  and  Le B e l l e ,  1965; F o n ta in e  

and B u rzaw a-G erard , 1 9 6 7 ).
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(2) Two dosage  l e v e l s  o f  p u r i f i e d  b o v in e  t h y r o t r o p in ,  

B-TSH 8-18-A  (Y. A. F o n ta in e )  100 mU/ml and 5 .0  mU/ml. 

The a c t i v i t y  o f  t h i s  p r e p a r a t io n  a s sa y e d  on m ic e , was 

e q u iv a le n t  to  1 4 .2  TSH-USP u n i ts /m g .

(3) A s in g le  l e v e l  o f  r e f e r e n c e  s ta n d a rd  USP-TSH,

10 .0  mU/ml. The a c t i v i t y  o f  t h i s  p r e p a r a t io n  was 

a r b i t r a r i l y  ta k e n  a s  0 .0 7 4  u n its /m g  on m ice and t r o u t .

E. S chedu le  o f  e x p e rim e n ts

1 . Hypophysectomy and  th y r o id  r e g r e s s io n  T h y ro id  r a d i o - 

io d in e  u p ta k e s  o f  fem a le s  from  th e  same c a tc h  ( J u l y ) - s i x  

i n t a c t ,  f i v e  1 3 -d a y , s i x  5 5 -d a y , and  sev en  55-day  p o s t  o p e r ­

a t i v e  hypophysectom y i n j e c t e d  w ith  1 :1  c a rp  p i t u i t a r y  b r e i -  

d i s t i l l e d  w a te r  p r é p a r â t io n -w e re  d e te rm in e d . T h is  c o n ta in e d  

th e  e q u iv a le n t  o f  a b o u t 500 mg o f  f r e s h - f r o z e n  p i t u i t a r i e s /  

m l. H e m a to c r i ts ,  gonad and  body w e ig h ts ,  and  g e n e ra l  l i v e r  

c o lo r s  w ere  n o te d  a t  a u to p s y . The e x t r a c t  in je c te d  f i s h  r e ­

c e iv e d  th r e e  i n j e c t i o n s  (5 mg/gm) a t  4 8 -h o u r i n t e r v a l s ;  

r a d io io d in e  fo llo w e d  th e  t h i r d  i n j e c t i o n  by 24 h o u r s .  Thy­

r o i d  r a d io io d in e  u p ta k e s  w ere  m easu red  72 h o u rs  a f t e r  th e  

t r a c e r  i n j e c t i o n .

2 . A cute p i t u i t a r y  e x t r a c t  i n j e c t i o n  i n to  i n t a c t  f i s h  w ith  

low endogenous t h y r o id  a c t i v i t y  T h y ro id  u p ta k e s  o f  i n t a c t  

m ales  (3 J u ly )  i n j e c t e d  once  w ith  p h y s io lo g ic a l  s a l i n e ,  3 .0  

mg/gm ly o p h i l i z e d  p y r i d in e - a c e t a t e  e x t r a c t  o f  c a rp  p i t u i ­

t a r i e s  ( d e s c r ib e d  a b o v e ) , o r  th e  1 :1  b r e i  s u p e r n a ta n t -  d i s ­

t i l l e d  w a te r  p r e p a r a t i o n ,  w ere  d e te rm in e d  w ith  th e  p ro b e .

The t r a c e r  was i n j e c t e d  24 h o u rs  a f t e r  th e  p i t u i t a r y  p r e p a r ­

a t i o n  and th e  th y r o id s  w ere p ro b ed  ev ery d ay  a f t e r  f o r  9 days 

( c o n t r o l s )  and  f o r  10 days ( p i t u i t a r y  p r e p a r a t i o n ) .

A f te r  p ro b in g  on day 9 , th e  c o n t r o l  f i s h  w ere a g a in
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i n j e c t e d  w ith  5 mg/gm o f  th e  p y r i d in e - a c e t a t e  e x t r a c t  a f t e r  

i t  h ad  been  r e - l y o p h i l i z e d  (d e s c r ib e d  above) to  rem ove th e  

t r a c e  o f  p y r id in e ,  and  a n o th e r  t r a c e r  dose  was g iv e n  on day 

10 , 24 h o u rs  l a t e r .  O nly a  v e ry  sm a ll  amount o f  th e  o r i g i ­

n a l  1-131 i n j e c t e d  (1% w ith o u t  c o r r e c t in g  f o r  decay) re m a in ­

ed in  th e  th y r o id  g la n d s  o f  th e s e  f i s h  when th e y  w ere g iv en  

th e  second  t r a c e r  d o se . T h y ro id  u p ta k e s  w ere  d e te rm in e d  on 

days 1 , 2 , 4 ,  6 , and  8 a f t e r  th e  second  t r a c e r  dose was 

g iv e n .

3 . A cute p i t u i t a r y  e x t r a c t  i n j e c t i o n  in to  i n t a c t  f i s h  w ith  

h ig h  endogenous th y r o id  a c t i v i t y  T h y ro id  r a d io io d in e  u p ta k e s  

o f  i n t a c t  m ales (8 A ug .) in  f r e s h w a te r  i n j e c t e d  once w ith  

p h y s io lo g ic a l  s a l i n e  o r  0 .1 5 ,  0 .5 ,  1 .5 ,  5 .0 ,  and 1 5 .0  mg/ml 

o f  th e  r e - l y o p h i l i z e d  p y r i d in e - a c e t a t e  e x t r a c t  ( d e s c r ib e d  

above) w ere d e te rm in e d  w ith  th e  p ro b e . The t r a c e r  was i n ­

j e c t e d  24 h o u rs  a f t e r  th e  p i t u i t a r y  p r e p a r a t io n  and  th e  t h y ­

r o id s  w ere p ro b ed  on 1 , 2 , 3 , 4 , and  5 days a f t e r  th e  t r a c e r  

was g iv e n .

A s im i l a r  e x p e rim e n t was ru n  on i n t a c t  m ales (3 O c t.)  

i n  s a l t  w a te r .  The 0 .1 5  mg/m l dose was e x c lu d e d , and  th e  

f i s h  w ere p ro b ed  on days 2 and  3 a f t e r  t r a c e r  i n j e c t i o n .

4 . C hronic  i n j e c t i o n s  o f  g e l  e l e c t r o p h o r e t i c  f r a c t i o n s  in to  

hypophysectom ized  k i l l i f i s h  M ales (g ro u p s  o f  f i v e ) , s i x  

w eeks p o s t-h y p o p h y se c to m y , w ere  g iv e n  10 i n j e c t i o n s ,  each  

i n j e c t i o n  sc h e d u le d  e v e ry  o th e r  d ay . T h ere  was a  g roup  fo r  

each  f r a c t i o n ,  1 th ro u g h  5 , and  one group  f o r  p h y s io lo g ic a l  

s a l i n e  ( s ix  f i s h ) . T w en ty -fo u r h o u rs  a f t e r  th e  t e n t h  i n j e c ­

t i o n ,  a  t r a c e r  dose  was g iv e n  fo llo w e d  by a u to p sy  72 h o u rs  

l a t e r .  A long w ith  th y r o id  d i s s e c t i o n s  f o r  su b seq u en t u p ta k e  

m easu rem en ts , th e  t e s t e s  and  body w e ig h ts ,  n u p t i a l  c o lo r a -
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t i o n ,  h e m a to c r i t s ,  and  g e n e r a l  a u to p s y  d a ta  w ere r e c o rd e d .

5 . C h ron ic  i n j e c t i o n s  o f  g e l  f i l t r a t i o n  ( I )  f r a c t i o n s  i n to  

h ypo p h y sec to m ized  k i l l i f i s h  Fem ale k i l l i f i s h ,  f iv e  weeks 

p o s t-h y p o p h y se c to m y , w ere  g ro u p ed  s i x  f i s h  e a c h , c o r re s p o n d ­

in g  to  r e s p e c t iv e  i n j e c t i o n  m a t e r i a l s ,  f r a c t i o n s  I ,  I I ,  I I I ,  

s t a r t i n g  m a t e r i a l ,  o r  p h y s io lo g ic a l  s a l i n e  (sev en  f i s h ) ,  

and  each  r e c e iv e d  i t s  r e s p e c t iv e  i n j e c t i o n  m a te r i a l  f i v e  

t im e s ,  once e v e ry  o th e r  d ay . The f i f t h  was fo llo w e d  24 

h o u rs  by a  t r a c e r  i n j e c t i o n  w hich  was th e n  fo llo w e d  72 h o u rs  

by a u to p s y  and th y r o id  u p ta k e  m easurem ents in  th e  w e l l  d e te c ­
t o r .

6 . C h ron ic  i n j e c t i o n s  o f  g e l  f i l t r a t i o n  ( I I )  f r a c t i o n s  in to  

hy p o p h y sec to m ized  k i l l i f i s h  M ale k i l l i f i s h ,  fo u r  weeks p o s t-  

hypophysectom y, s e p a r a t e ly  g ro u p ed  s i x  f i s h  each  in  se a  

w a t e r - r e c i r c u l a t e d  a q u a r ia  c o rre s p o n d in g  to  r e s p e c t iv e  i n ­

j e c t i o n  c a te g o r ie s  I ,  I I ,  I I I ,  IV , V, and  p h y s io lo g ic a l  

s a l i n e ,  w ere  i n j e c t e d  s i x  t im e s ,  one tim e  e v e ry  o th e r  day .

The s i x t h  i n j e c t i o n  was fo llo w e d  24 h o u rs  by a  t r a c e r  io d in e  

i n j e c t i o n  an d  th e  t r a c e r  was fo llo w e d  72 h o u rs  by a u to p s y . 

A long w ith  t h y r o id  d i s s e c t i o n s  f o r  su b seq u e n t u p ta k e  d e t e r ­

m in a t io n s ,  th e  t e s t e s  and  body w e ig h ts ,  n u p t i a l  c o lo r a t i o n ,  

h e m a to c r i t s ,  and g e n e ra l  a u to p s y  d a ta  w ere  r e c o rd e d . The 

h e a d s  o f  s u s p e c te d  f i s h  w ere  p r e s e r v e d ,  d e c a l c i f i e d ,  and  e x ­

am ined m ic r o s c o p ic a l ly  f o r  p i t u i t a r y  re m n a n ts .

7 . C hron ic  i n j e c t i o n s  o f  mammalian th y r o id  s t im u la t in g  

p r e p a r a t io n s  i n to  h y p o p h y sec to m ized  k i l l i f i s h  S c reen ed ^

^  The f i s h  in  t h i s  e x p e r im e n t w ere  h y pophysec tom ized  by 

D r. G race E. P ic k fo rd .  A p i t u i t a r y  rem nant in  an  o p e ra te d  

f i s h  i s  i n d ic a te d  a f t e r  a b o u t s i x  weeks by a s i g n i f i c a n t  i n ­

c re a s e  in  s ta n d a r d  le n g th  o r  any  t r a c e  o f  n u p t i a l  c o lo r a t i o n .



(24)

m ale  k i l l i f i s h ,  9 .5  weeks p o st-h y p o p h y se c to m y , s e p a r a te ly  

g rouped  f i v e  f i s h  each  in  s e a  w a te r  r e c i r c u l a t e d  ta n k s  c o r ­

re sp o n d in g  to  r e s p e c t iv e  i n j e c t i o n  c a t e g o r i e s ,  (1) 100 |i g - ,

(2 ) 10 ixg-, and  (3) 1 .0  L̂g HTF 7 -5 1 -C /m l; (4 ) 100 mU-, and  

(5) 5 .0  mU B-TSH 8 -1 8 -A /m l; (6 ) 10 mU USP-TSH/1.0 ml ( fo u r  

f i s h ) ;  and  (7) b u f f e r e d  g e l a t i n e  c a r r i e r ,  w ere i n j e c t e d  

t h r i c e  w eek ly  f o r  a  m onth . . Twenty fo u r  h o u rs  a f t e r  th e  1 2 th  

i n j e c t i o n ,  r a d io io d in e  was g iv e n  and 48 h o u rs  a f t e r  r a d i o - 

io d in e  i n j e c t i o n s  th e  f i s h  w ere  p ro b ed . T w en ty -fou r h o u rs  

a f t e r  t r a c e r  i n j e c t i o n s  and  24 h o u rs  a f t e r  p ro b in g , th e  

1 3 th  and 1 4 th  horm one i n j e c t i o n s  r e s p e c t i v e l y ,  w ere g iv e n . 

R ecords o f  s ta n d a r d  l e n g th ,  l i v e r  w e ig h t and  c o lo r ,  body 

and  t e s t e s  w e ig h ts ,  h e m a to c r i ts  and  o th e r  a u to p sy  d a ta  w ere 

re c o rd e d  a t  a u to p s y , 96 h o u rs  a f t e r  r a d io io d in e  i n j e c t i o n s .  

The th y r o id s  w ere  d i s s e c te d  o u t f o r  u p ta k e  d e te rm in a tio n s  

and  su b seq u e n t h i s t o l o g i c a l  p ro c e d u re s .  In d iv id u a l  serum  

sam ples w ere  a n a ly z e d  f o r  r a d io th y r o x in e  a c c o rd in g  to  m e th ­

ods m en tio n ed  ab o v e .



RESULTS 

P a r t  I  

E x perim en ts  on g o ld f i s h

A. T o ta l  serum  1-131 and  p r o t e i n  bound 1-131  fo llo w in g  a 

s in g le  r a d lo lo d ln e  I n j e c t i o n .

The t o t a l  serum  1-131 peaked  a b r u p t ly  w i th in  e ig h t  

h o u rs  a f t e r  th e  r a d lo lo d ln e  was I n j e c t e d  and  f e l l  a t  a  u n ­

ifo rm  r a t e  u n t i l  ab o u t th e  2 5 th  h o u r  w here  th e  r a t e  o f  d e ­

c re a s e  changed u n t i l  50 h o u rs  a f t e r  I n j e c t i o n .  The serum  

PB I-131 r o s e  and  d ropped  a b r u p t ly  d u r in g  th e  f i r s t  20 h o u rs  

and  th e n  began  to  r i s e  a t  a  u n ifo rm  r a t e  to  40 h o u rs  a f t e r  

I n j e c t i o n  b e fo r e  I t  began  to  d e c re a s e  a g a in .  These r e l a t i o n ­

s h ip s  a re  shown g r a p h ic a l ly  In  F ig .  1.

The serum  from  f i s h  sam pled  a t  45 h o u rs  a f t e r  I n j e c t i o n  

was r e s o lv e d  I n to  two m a jo r f r a c t i o n s  by  Sephadex G -25,

(F ig .  2 ) .  The second  f r a c t i o n ,  c o n ta in in g  compounds h a v in g  

m o le c u la r  w e ig h ts  l e s s  th a n  1000 , c o n ta in e d  a lm o st a l l  o f  

th e  r a d i o a c t i v i t y .  The p r o t e i n  g r a d ie n t  r e p r e s e n te d  by th e  

t o t a l  c o u n ts  ( p r e c i p i t a t e  and  s u p e r n a ta n t)  showed a t  l e a s t  

two f r a c t i o n s  o r  s p e c ie s  o f  compounds h a v in g  r a d i o a c t i v i t y ,  

w h ile  th e  p r o t e i n  g r a d ie n t  r e p r e s e n te d  by  th e  s u p e rn a ta n t  

c o u n ts  showed th e  p o s s i b i l i t y  o f  a  t h i r d  s p e c ie s  o f  m acro - 

m o le c u le s  h a v in g  r a d i o a c t i v i t y .  TCA p r e c i p i t a t i o n  cau sed  

d i f f e r e n t i a l  d i s s o c i a t i o n  o f  th e  p r o t e in - I o d in e  com plexes :

In  th e  f iv e  s u c c e s s iv e  sam ples t h a t  c o n s t i t u t e d  th e  p r o t e in  

e f f l u e n t ,  th e  p r e c i p i t a t e  c o n ta in e d  68.5% , 71.0% , 62.0% , 

75.5% , and  56.0%, o f  th e  r a d i o a c t i v i t y  I n  each  m i l l i l i t e r  

sam p le . F u r th e r  h e te r o g e n e i ty  o f  th e  o v e r a l l  p r o t e in  e f ­

f l u e n t  was I n d ic a te d  by th e  o r i g i n a l  two m l sam ple volume 

s p re a d in g  beyond th e  amount c h a r a c t e r i s t i c  f o r  th e  colum n.

(25)
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B. E f f e c t  o f  p i t u i t a r y  e x t r a c t  on th e  tw o - day c o n v e rs io n  

r a t i o  in  serum  1 -1 3 1 .

The tw o-day  c o n v e rs io n  r a t i o s  o f  b o th  c o n tr o l  and e x ­

p e r im e n ta l  f i s h  w ere  u n p r e d ic ta b ly  v a r i a b l e  f o r  th e  f i r s t  

f i v e  sam pling  p e r io d s .  B oth  g ro u p s  h ad  h ig h  c o n v e rs io n  

r a t i o s  th e  f i r s t  sam p lin g  p e r io d ,  d ro p p ed  c o n s id e ra b ly  th e  

se c o n d , ro s e  s l i g h t l y  th e  t h i r d ,  and  d ropped  to  th e  lo w est 

l e v e l  o f  th e  sam p ling  seq u en ce  th e  f o u r th  p e r io d .  D uring 

th e  i n t e r v a l  be tw een  th e  2nd and  3 rd  tw e lv e -h o u r  p e r io d s ,  

a l l  th e  rem a in in g  f i s h  t h a t  h a d  r e c ie v e d  p i t u i t a r y  e x t r a c t  

o v u la te d  c o m p le te ly . An o v e r a l l  d e c r e a s in g  t r e n d  su p e rim ­

p o sed  on a  c i r c a d i a n  rhy thm  i s  s u g g e s te d  from  th e  i n i t i a l  

h ig h  a t  12 h o u rs  to  48 h o u rs  a f t e r  e x t r a c t  i n j e c t i o n .  Be­

tw een th e  4 th  and  5 th  p e r io d s ,  th e  PB I-131 o f  b o th  groups 

r o s e  s i g n i f i c a n t l y .  F o llo w in g  th e  f i f t h  p e r io d ,  b o th  

g roups began to  show a  p r e d i c t a b l e  t r e n d ,  a  g ra d u a l  b u t d e ­

f i n i t e  PBI-131 in c r e a s e  (F ig u re  3 ) .

The e f f e c t s  o f  p i t u i t a r y  e x t r a c t  w ere  in d ic a te d  by two 

s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  e x p e r im e n ta l  and  co n ­

t r o l  f i s h :  th e  c o n v e rs io n  r a t i o s  o f  th e  e x p e r im e n ta l f i s h

w ere  c o n s i s t e n t l y  low er f o r  a l l  sam p lin g  p e r io d s ,  and  a l l  

e x p e r im e n ta l  f i s h  t h a t  h a d  n o t  b een  sam pled  o v u la te d  a f t e r  

th e  second  p e r io d .  A m ore p ronounced  d i f f e r e n c e  in  co n ­

v e r s io n  r a t i o s  e x i s t e d  betw een  c o n t r o l s  and  e x p e r im e n ta l 

f i s h  betw een 60 h o u rs  and lO Shours th a n  betw een  12 h o u rs  

and  48 h o u rs  a f t e r  e x t r a c t  i n j e c t i o n .

The BEX-131 p e rc e n ta g e s  ( r a d io th y r o x in e  c o n v e rs io n  

r a t i o s )  o f  th e  p i t u i t a r y  i n j e c t e d  f i s h  showed a g e n e ra l  

in c r e a s e  w ith  t im e , b u t  a  sh a rp  r i s e  and  f a l l  o c c u rre d  

j u s t  a f t e r  o v u la t io n .  The BEX-131 p e rc e n ta g e s  o f  th e  con -



( 28 )

5lO

4.0

ao

20
OVULATION

RIN G ER 'S

P I T .  E X T R A C T

2 4 4 8 72 96

F ig u re  3 . S e r i a l  

24 -hou r c o n v e rs io n  r a ­

t i o s  o f  fem ale  g o ld f is h  

a f t e r  i n j e c t i o n  w ith  

p i t u i t a r y  e x t r a c t  o r  

c a r r i e r .  The v e r t i c a l  

l i n e s  = one S. E. above 

and  below  th e  means (N= 

4 ) .

TIM E-H O URS

PIT . EXTRACT 
# - #  RINGERS

80 ■

7.0 ■

60

&0
Fxy-o

24 46 . 72
TIME - HOURS

96

F ig u re  4 . S e r i a l  

2 4 -hou r r a d io th y ro x in e  

c o n v e rs io n  r a t i o s  (%BEI 

-131) fo llo w in g  p i t u i t ­

a ry  e x t r a c t  o r  c a r r i e r  

i n j e c t i o n  in  fem ale  

g o ld f i s h  (serum  p o o ls  

o f  fo u r  f i s h ) .



(29)

t r o l  f i s h  w ere  v a r i a b l e  b u t  showed no o v e r a l l  s i g n i f i ­

c a n t  t r e n d .  The 2nd and  8 th  p e r io d s  a r e  h ig h  b u t  p ro b a b ly  

h av e  no s p e c i a l  s i g n i f i c a n c e  (F ig .  4 ) .  The f i s h  t h a t  had

no i n j e c t i o n  o f  1-131 a cc u m u la te d  v e ry  s l i g h t  am ounts o f

r a d i o a c t i v i t y  (30 -50  cpm /0 .5  ml s e ru m ) , even  th o u g h  th e  I -  

131 b u i ld - u p  in  th e  w a te r  was c o n s id e r a b le ,  (1394 cpm and 

1813 cpm in  6 .0  m l a t  48 and  72 h o u rs  r e s p e c t i v e l y ) .

C. L og-dose  re s p o n s e  r e l a t i o n s h i p  betw een  c ru d e  p i t u i t a r y  

e x t r a c t  and serum  PB I-131 p e r c e n ta g e s .

An in v e r s e  r e l a t i o n s h i p  e x i s t e d  be tw een  th e  lo g -d o se

and  th e  PB I-131 p e r c e n ta g e s ,  ( F ig .  5 ) .  C o n c u r re n t ly ,  th e

r e l a t i v e  am ounts o f  r a d io io d in e  w ere  g e n e r a l ly  low er in  th e  

h ig h e r  PBI-131 sam p le s: th e  c o u n ts  w ere 9 ,2 5 0 ;  1 4 ,0 0 0 ;

1 4 ,1 0 0 ; 8 ,5 0 0 ; 2 1 ,7 5 0 ; 1 9 ,5 0 0 ; 1 6 ,0 0 0  and  th e  PB I-131 p e r ­

c e n ta g e s  w ere 8 .3 ;  8 .6 ;  7 .3 ;  8 .3 ;  6 .9 ;  6 .8 ;  6 .3 ;  f o r  th e  

c o n t r o l s ;  th e  1 .0  m,U TSH/gm; th e  10 ; 30; 100; 300; and 

1000 iig/gm , r e s p e c t iv e ly .

D. L og-dose  re s p o n s e  r e l a t i o n s h i p  be tw een  c ru d e  p i t u i t a r y  

e x t r a c t  and BEI-131 p e rc e n ta g e s  ( r a d io th y r o x in e  c o n v e rs io n  

r a t i o s )  in  se rum .

The 60 -h o u r BEI-131 p e rc e n ta g e s  v a r i e d  d i r e c t l y  w ith  

th e  d o sa g e , ( F ig .  6 ) .  The B EI-131 p e rc e n ta g e s  w ere e x tre m e ­

ly  h ig h  ( f o r  a l l  i n j e c t i o n  l e v e l s  and  th e  c o n t r o l s )  com­

p a re d  to  th o s e  o b ta in e d  when c a r r i e r  1-127 was i n j e c t e d .  

Compare BEI-131 p e rc e n ta g e s  o f  F ig .  4 ( c a r r i e r  io d id e )  to  

th o s e  o f  F i g .6 ,  ( c a r r i e r  f r e e ) .

E. Serum 1-131  d i s t r i b u t i o n  i n  Sephadex G-lOO g e l  f i l t r a t i o n .

F ig u re  sev en  shows th e  r e l a t i v e  p r o t e i n  ( F o l in -  

C io c a lte u )  and t o t a l  r a d i o a c t i v i t y  o f  th e  Sephadex column
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F ig u re  7 . Sephadex G-lOO s e p a r a t io n  o f  s e r a  fo llo w in g  

t r a c e r  i n j e c t i o n .  ( • - • )  = t o t a l  p r o t e i n ;  (▼-▼) = t o t a l  r a ­

d i o a c t i v i t y .  The a rro w s i n d i c a t e  th e  a v e ra g e  p e rc e n ta g e s  

o f  r a d i o a c t i v i t y  a s s o c i a t e d  w ith  th e  p r o t e i n  e f f l u e n t s .
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e f f l u e n t s .  A lm ost a l l  o f  th e  serum  p r o t e i n  a p p e a re d  in  

th e  f i r s t  o f  th e  two p e a k s , w h i le  e s s e n t i a l l y  a l l  o f  th e  

r a d i o a c t i v i t y  was a s s o c i a t e d  w ith  th e  se c o n d . No change 

in  th e  r a d i o a c t i v i t y  R f w ith  tim e  was d e t e c t a b l e .  The 

a v e ra g e  p e rc e n ta g e  o f  r a d i o a c t i v i t y  in  th e  f i r s t  peak  d e ­

c re a s e d  w ith  tim e  (3.5%  a t  9 h o u r s ,  3.0% a t  2 3 .5  h o u r s ,  and  

1.7% a t  36 h o u rs )  p a r a l l e l i n g  th e  d e c re a s e  i n  t o t a l  serum  

r a d i o a c t i v i t y .



P a r t  I I

R e s u l ts  o f  p r e l im in a ry  s t u d i e s  on k i l l i f i s h ,

1 .  T h y ro id  r a d io io d in e  u p ta k e  o f  f r e s h w a te r -  and s a l t  w a te r - 

a d a p te d  k i l l i f i s h .

The r a d io io d in e  u p ta k e  o f  i n t a c t  m ale  k i l l i f i s h  a d a p te d  

to  f r e s h w a te r  was h ig h e r  th a n  t h a t  o f  t h e i r  c o n t r o l s  in  s a l t  

w a te r .  The f i s h  in  b o th  g ro u p s  w ere  o f  a com parab le  d eg ree  

o f  s e x u a l  m a tu r i ty  and h ad  com parab le  th y r o id  io d in e  co n ­

t e n t s ,  b u t  t h e i r  serum  io d in e  l e v e l s  v a r i e d  in v e r s e ly  w ith  

t h e i r  th y r o id  t r a c e r  u p ta k e s ,  T a b le  I ,  A lthough  th e  sm a ll 

q u a n t i t i e s  o f  a v a i l a b l e  serum  p re c lu d e d  r e l a t i n g  serum  io d in e  

l e v e l s  o f  in d iv id u a l  f i s h  to  t r a c e r  u p ta k e s  o f  in d iv id u a l  

f i s h ,  an in v e r s e  r e l a t i o n s h i p  was su g g e s te d  by th e  a v e rag e  

v a lu e s  in  th e s e  two p a ra m e te r s .  I f  i t  w ere a s t r i c t l y  

l i n e a r  in v e r s e  r e l a t i o n s h i p  b e tw een  serum  io d in e  and t r a c e r  

u p ta k e s  t h a t  r e s u l t e d  from  th e  d i l u t i o n  o f  t r a c e r  io d in e  by 

th e  serum  io d id e  p o o l ,  i t  was n o t  a p p a re n t  from  th e s e  d a ta ;  

th e  s a l t  w a te r  g r o u p 's  serum  io d in e  l e v e l  was ab o u t 2 .5  

t im e s  g r e a t e r  th a n  t h a t  o f  th e  f r e s h w a te r  g ro u p , w h ile  th e  

u p ta k e  p e rc e n ta g e  was a b o u t 0 .7 5  tim e s  a s  much. However, 

a  d e sc re p a n c y  o f  t h i s  m ag n itu d e  may b e  w i th in  th e  l i m i t s  o f  

e r r o r  i n  th e  m ethods s in c e  no  a s se s sm e n t was made on an i n ­

d iv id u a l  b a s i s .  C o n t r o l l in g  th e  serum  io d in e  l e v e l  i n  t r a c e r  

u p ta k e  s tu d ie s  i s  o b v io u s ly  o f  ex trem e  im p o rtan c e  i f  th e  

t r a c e r  u p ta k e  i s  to  be  a  v a l i d  in d e x  o f  th y r o id  a c t i v i t y .  

Serum io d in e  l e v e l s  o f  b o th  g ro u p s w ere i n  th e  upper p a r t  

o f  th e  p h y s io lo g ic a l  ra n g e  o f  f r e s h w a te r  s p e c ie s  (com paring  

them  to  r e p o r te d  v a lu e s  on f r e s h w a te r  s p e c ie s  w ith  low to  

h ig h  io d in e  d i e t s )  a n d , w ere  i n  th e  low er p a r t  o f  th e  p h y s io ­

l o g i c a l  ran g e  o f  m arin e  s p e c i e s ;  th e  t h y r o id  io d in e  c o n te n t

(33)
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Table 1. Radioiodine uptake of in ta c t  (S e p t.) male k i l l i f i s h  in  iodine- 
r ic h  (sea w ater) and iodine-poor (freshw ater) environments.

Group N $ Uptake^ GSI  ̂ Serum iodide Thyroid 13^ 
__________ mg ^ (pool) pg/100 gm bwt.

Fresh­
water

20,0 ± 2.5 1.21 ± 0.75 18.3 4 .7  ± 3.3

S alt
water

14.9 ± 1 .3 1 . 2 3  ± 0 .5 9 4 5 .6 4.8 ± 0.8

Sea water = 47.4 p g / l i t e r  (4 4 .0 -4 9 .6 ); freshw ater too low ( le s s  than 
0.01 ;ig/ml) w ithout 10 -fo ld  concentration .

1/  Seventy-two hour uptake (p ro b e); mean i  S. E.

2/  GSI = percentage of gonad weight to  t o t a l  body wt. /  mean i  h a lf  
range.

3/  Mean ±  h a lf  range.
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rem a in ed  n e a r  th e  m id -ra n g e  i n  b o th  (Hunn and  R e in e k e , 1964; 

H ickm an, 1962; La R oche, Jo h n so n , and  W o o d a ll, 1965; L eloup  

and  F o n ta in e ,  1 9 6 0 ).

2 . D i s t r i b u t io n  o f  r a d i o i o d i n e .

The d a ta  from  a  p i l o t  s tu d y  on fo u r  i n t a c t  k i l l i f i s h  

a r e  sum m arized i n  T ab le  2 . A lth o u g h  o n ly  l im i te d  c o n fid e n c e  

and  s ig n i f i c a n c e  can  be  p la c e d  on t h i s  p i l o t  s tu d y  on fo u r  

i n d iv i d u a l s ,  i t  p ro v id e d  c r i t e r i a  f o r  s e l e c t i n g  an optimum 

tim e  f o r  sam p lin g  s e r a  from  f i s h  i n j e c t e d  w ith  r a d io io d in e  

t o  m easure  r a d io th y r o x in e  p ro d u c t io n  r a t e s  a s  a  f u n c t io n  o f  

th y r o id  a c t i v i t y .

3 . T ra c e r  io d in e  u p ta k e s  in  i n t a c t  k i l l i f i s h  w ith  low e n ­

dogenous th y r o id  a c t i v i t y .

I n t a c t  k i l l i f i s h  w ere  s t im u la te d  by a  s i n g l e  i n j e c t i o n  

o f  c a rp  p i t u i t a r y  p r e p a r a t io n s  to  y i e l d  h ig h e r  t r a c e r  io d in e  

u p ta k e  th a n  t h e i r  c o n t r o l s  (T a b le  3) when th e  endogenous 

t h y r o id  a c t i v i t y  ( th y r o id  u p ta k e  o f  c o n t r o l s )  was in  th e  

m id d le  to  low er p a r t  o f  i t s  ra n g e  ( l e s s  th e n  1.0% in  h y ­

p o p h y sec to m ized  k i l l i f i s h  n e a r  co m p le te  r e g r e s s io n  to  20 

to  30% u p ta k e  in  i n t a c t  f i s h  a t  v a r io u s  t im e s  o f  th e  y e a r ) . 

The g r e a t e s t  d i f f e r e n c e  i n  t h y r o id  u p ta k e  p e rc e n ta g e s  b e ­

tw een  s t im u la te d  and  c o n t r o l  f i s h  o c c u r re d  betw een  th e  t h i r d  

and  f o u r th  days a f t e r  t r a c e r  i n j e c t i o n s ;  th e  d i f f e r e n c e s  in  

u p ta k e s  on e i t h e r  o f  th e s e  two days w ere  m ore i n d i c a t i v e  o f  

in c r e a s e d  t h y r o id  a c t i v i t y  th a n  a  co m p ariso n  o f  t h e i r  r e ­

s p e c t iv e  r e g r e s s io n  c o e f f i c i e n t s .  In  f a c t ,  th e  s t im u la te d  

f i s h ' s  a v e ra g e  u p ta k e  peaked  a  day l a t e r  th a n  t h a t  o f  th e  

c o n t r o l s  ( S w i f t 's  r e g r e s s io n  c o e f f i c i e n t ,  1959 , i s  more 

n e g a t iv e  i n  t h y r o id s  w ith  h ig h e r  a c t i v i t i e s ) .

R e - ly o p h i l i z a t i o n  a p p a r e n t ly  rem oved th e  i n h ib i t o r y
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Table 2 , P ilo t  study on k i l l i f i s h .

I - I 3I  D is trib u tio n 2
Days a f te r  I - I 3I  in jec tio n  

3 4 6

Thyroid uptake percentage 
(probe)

HD 2.7 4.0 4.7

Serum ra d io a c tiv ity  in  the  
a lk a lin e  ex tra c t (cpm)®

1469 1020 669 156

Serum ra d io a c tiv ity  in  the  
butanol e x tra c t (cpm)

131 686 581 179

Serum ra d io a c tiv ity  in  the  
residue (cpm)°

141 50 57 HD

Percent BEI-131 serum^ 12 42 48 54

Percent BEI-131 cells® 10 33 23 HD

R ad ioac tiv ity  percentage 
of hem atocrit^

28 28 29 m

a / This ex tra c t contains iod ide and organic iodine other than thyroxine 
(T-4) and triiodo thy ron ine  (T-3)*
b /  This ex trac t contains organic iodine (T-h and T-3).
c /  The residue i s  the p ro te in  p re c ip ita te d  by the butanol ex trac tio n .
d / BEI/BEI+Alkaline x 100.
e /  BEI/BEI+Alkaline x 100 ftom hem atocrit.
f /  The percent o f t o t a l  blood ra d io a c tiv ity  in  the hem atocrit.
ND = Not determined.

Summary: 1. In ta c t males, 0 .5  |uc/ gm body vrt., standing water (20° C),
d ie ta ry  1-127 about 15 pg/lOO gm body w t./day . 2. The radio iodine in  
the  a lk a lin e  phase p ro g ressiv e ly  decreased a t  a constant r a te  from day 
two to  day s ix . 3» The BEI percentage (serum) reached a p la teau  day -
3 to  day-4. 4. The amount of BEI-131 did not become s ig n if ic a n t un­
t i l  the th ird  day where i t  peaked and began to  decrease a t about the 
same ra te  as the a c t iv i ty  in  th e  a lk a lin e  phase. 5« Only s lig h t a c tiv ­
i t y  was found in  the residue and i t  showed no evident trend . 6. The
thyro id  uptake percentages p a ra lle le d  the BEI-131 percentages on days 
3 ,4 , and 6,
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Table 3» Acute p i tu i ta ry  e x tra c t in je c tio n  in to  in ta c t  (July) k i l l i f i s h  
w ith  low endogenous th y ro id  a c t iv i ty ,

Day^ Uptake percentage^ (Mean i  S. E. )

Carp b re i  
(5mg/gm)

Control PyridineT-acetate 
( sa lin e )  (0.3 mg/gm)

Re -lyoph ilized  
P-A (5 mg/gm)

1 17.1 ±  3.6" 8 .3  t  0.16 5.6  + 0.66^ 20.1 ±  2.2**

2 17.6 ± 3 .4* 7.2  ±  0.16 4.7 ± 0.10 17.9 ± 2 .5 * *

3 16.9 ± 3.6 * 6 .3  ± 0.50 3.9  ± 0.10 ND

4 16.2 ± 3 .6 * 5.2  1  0.55 I© 15.1 ± 3.0 **

5 I© 4.8  ± 0.69 Î© ED

6 13.6 ± 7 .6  * 4 .3  ± 0.80 Î© 12.9 ±  3.1 **

7 1© 4.0  ±  0.82 i© 1©

8 12.1 ± 3 .4 I© }© 12.0 ±  3.1

9 1© 3.2 ±  0.71 I© ED

10 11.4 ± 3.2 (day-1, 4 th  column) t© 10.7 ± 3 .1

1 / Day a f te r  t ra c e r  iod ine in je c tio n .

2 / N = 4 in  each group.

3 / N = 2; two f is h  had uptakes too  low to  get an accurate estim ation . 
In  a l l  f is h  tab u la ted , counts were g rea te r  than  1000/minute: the 
two excluded had le s s  than 50 cpm.

*/ S ig n ifican tly  higher than  co n tro ls .

**/ S ig n ifican tly  higher than i n i t i a l  uptake percentage.
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s u b s ta n c e  i n  th e  p y r i d i n e - a c e t a t e  e x t r a c t .  S ince  th e  f i r s t  

l y o p h i l i z e d  p ro d u c t w hich  a c t u a l l y  c au sed  low er t r a c e r  u p ­

ta k e s  sm e lle d  o f  p y r id in e  and  s in c e  th e  r e - l y o p h i l i z e d  

m a t e r i a l  w hich  d id  s t im u la te  t r a c e r  u p ta k e  d id  n o t  h ave  an 

o d o r o f  p y r i d in e ,  i t  was s u g g e s te d  t h a t  i t  i n  some m anner 

i n t e r f e r e d  w ith  th y r o id  f u n c t i o n .

4 .  T ra c e r  u p ta k e s  i n  i n t a c t  k i l l i f i s h  w ith  h ig h  endogenous 

th y r o id  a c t i v i t y .

T here  was no e v id e n c e  o f  s t im u la t io n  in  t r a c e r  u p ta k e  

m easu rem en ts o f  i n t a c t  k i l l i f i s h  (T ab le  4) w ith  h ig h  e n ­

dogenous th y r o id  a c t i v i t i e s  ( c o n t r o l  u p t a k e s ) .

5 . Hypophysectom y and  r e g r e s s i o n .

The r e s u l t s  o f  u p ta k e  s t u d i e s  on fem ale  k i l l i f i s h  

a f t e r  hypophysectom y a r e  sum m arized in  T ab le  5 . P o s t 

spaw ning fem a le s  ( J u ly )  h a d  a  low  a v e ra g e  GSI (gonosom atic  

in d e x ,  th e  p e rc e n t  o f  gonad w e ig h t to  body w e ig h t)  i n d i c a t i v e  

o f  th e  endogenous g o n a d o tro p ic  b lo o d  l e v e l .  F o llo w in g  h y ­

pophysectom y, th e  GSI d id  n o t  change a p p re c ia b ly  u n t i l  th e  

f i s h  w ere t r e a t e d  ( p < 0 .0 1 )  w i th  a c ru d e  p i t u i t a r y  p r e p a r a ­

t i o n .  An i n d i r e c t  g o n a d o tro p ic  e f f e c t  was a l s o  d e te c te d  by 

a  d e c re a s e  ( p < 0 .0 5 )  in  t h e  h e m a to c r i t  ( S l i c h e r ,  1 9 6 1 ).

T ra c e r  u p ta k e s  fo l lo w in g  hypophysectom y r e f l e c t e d  th e  

rem o v a l o f  endogenous t h y r o t r o p i n  and  su b seq u en t r e g r e s s io n  

o f  th e  t h y r o id .  T h ree  i n j e c t i o n s  o f  th e  c ru d e  p i t u i t a r y  e x ­

t r a c t  was h ig h ly  e f f e c t i v e  i n  s t im u la t in g  th y r o id  io d in e  

u p ta k e .

R e s u l t s  o f  d e f i n i t i v e  s t u d i e s  i n  k i l l i f i s h .

1 . G el e l e c t r o p h o r e t i c  f r a c t i o n s .

None o f  th e  g e l  e l e c t r o p h o r e t i c  f r a c t i o n s  w ere e f f e c t i v e  

i n  s t im u la t in g  th y r o id  io d in e  u p ta k e  and f r a c t i o n s  1 , 2 , and 

3 a p p e a re d  to  be  i n h i b i t o r y  (T a b le  6 ) .  S u f f i c ie n t  t h y r o -



Table 4 . Acute p i tu i t a r y  e x tr a c t  in je c t io n s  in to  in ta c t  k i l l i f i s h  w ith  high  endogenous th y ro id  
a c t iv i ty .

t ^ c e ^ i n j  Thyroid t r a c e r  uptake percen tages (Mean ±  S. E. )

(K) Control 0.15 mg/gm 0 .5  mg/gm 1 .5  mg/gm 5 .0  mg/gm 15 mg/gm

1 (8 Aug) 4 29.7  ±  1 .2 33.7 ±  2 .0 30.8  t  2 .3 28.3 ±  2 .3 32.0  ±  2 .0 32.5  ±  0 .3

2 (8 Aug) 4 26.0 ±  1 .7 28.9 ±  1 .7 28.5  t  1 .7 26.0 ±  3 .0 29.5  ± 1 .6 29.0  ±  0 .5 /*vW
(3 Oct) 4 18.6  ±  2 .6 I® 11.4  ±  1 .5 21.8 ± 2 .6 25.2  ±  5 .8 21.1  ±  6 .5 vO

3 (8 Aug) 4 25.6  i  1 .5 28 .6  ±  2 .9 28.1 i  2 .6 24.8  ± 4 .0 28.5  ±  2 .3 27.3  ±  1 .0
(3 Oct) 4 17.5 ±  2 .8 m 10.9 1  2 .0 21.6 ±  3 .5 25.0  ±  5 .8 19.3  ±  1 .1

4 (8 Aug) 4 23.3 ±  1 .4 25 .7  ±  3 .6 24.2 ± 2 . 6 21.9 ±  3 .9 24.0 ±  2 .4 23.3  ±  1 .0

5 (8 Aug) 4 20.3 t  1 .5 23.6  ±  3 .8 22,2 ±  2 .4 20.1 ±  3 .7 22.3 ±  2 .3 21.3  ±  0 .5

ND = not determ ined.
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Table 5* hypophysectomy and reg ress io n  in  female k i l l i f i s h .

a-oup (M) K sm toorlt

In ta c ts  6 (24 O ct.) 15.1 t  2 .0^ 1.2 ± 0.15^ 37 ±  3^’ ^

13-day

S S p h y s -  ^ (7 Nov.) 7 . 1 1 1 . 7  1 .3  1 0 .0 5  i t o l l
ectomy

55-day

^ p h y o -  « (12 Dec.) 5 .9  1 2 .0 “  1 .2  1  0.10 35 1  4
ectomy

55-day
p o s t-

'S o ÿ " ^ '  ? (12 Dec.) 26*0 ±  3 .4  3 .3  ± 0.28 2? ± 2
and p i t .  
e x tr .  in j .^

1 / Percent o f gonad weight to  t o t a l  body w eight. Fish were taken in  
Ju ly  (postspawning).
2 / Mean ± S. E.
3 / N = 5; one hem atocrit tube broke.
4 / N = 5» one f is h  w ith a bad mouth sore excluded from mean.
5 / Three in je c tio n s  spaced 48 hours a p a r t.
*/ S ig n ifican tly  d if fe re n t from the co n tro ls  (p < 0 .0 5 ).
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Table 6. Chronic in je c tio n s  o f g e l e lec tro p h o resis  f ra c tio n s  in to  
hypophysectomized male k i l l i f i s h .

F raction N
Radioiodine 

uptake ^ ag e ^ G s f Hematocrit^

1 2 0.26  ±  0.013 0.39 ±  0.05 35 1 3

2 2 0.61 + 0.017 2.59 ± 0.32 40 + 1

3 3 0.54 ±  0.22 3.16  ±  0.52 4 3 + 7

4 5 2.76 ±  0.90 0.47 ±  0.053 35 1  2

5 4 2.95 ±  0.86 0.28 ±  0.037 39 + 2

Control 5 2.16 ±  0.96 0.23 ± 0.032 32 1  5

1 / W = nvuaber o f f is h  in  each column. Groups o f le s s  than f iv e  are 
th e  re s u l ts  o f excluding f is h  th a t  had bad le s io n s  on the  body. A fter 
th e  second in je c tio n , an Achromobacter sp. in fe c tio n  broke out in  a l l  
tan k s. Aureomycin was given to  every group, bu t f is h  in jec te d  w ith 
fra c tio n s  1, 2, and 3 d id  not recover as w ell as the  o thers. The f is h  
included were healthy .

2 / Mean -  S. E.

3 / Flowing sperm and f u l l  n u p tia l co lo ra tio n .
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t r o p i c  a c t i v i t y  was c o n ta in e d  i n  th e  s t a r t i n g  m a te r i a l  t o  

be  d e te c te d  in  th e  r e c la im a b le  e l u a n t ;  t h e r e f o r e ,  th e  h o r ­

m o n e 's  b i o lo g i c a l  a c t i v i t y  was e i t h e r  a l t e r e d ,  moved o u t 

th e  to p  o f  th e  colum n, o r  was d i l u t e d  t o  th e  e x te n t  t h a t  

i t  was i n e f f e c t i v e .

G o nado trop in  was e v id e n t  i n  two f r a c t i o n s ,  2 (Rf ra n g e  

0 .5 2  to  0 .72 )  and  f r a c t i o n  3 (Rf  ra n g e  0 .28  to  0 . 5 2 ) .  The 

l a t t e r  f r a c t i o n  was more e f f e c t i v e  in  s t im u la t in g  gonad 

g row th  and m a tu r a t io n .  U n h ea lth y  f i s h  w ith  body le s io n s  

w ere  e x c lu d ed  from  th e s e  d a ta  m aking s t a t i s t i c a l  t r e a tm e n t  

o f  th e  d a ta  l e s s  m e a n in g fu l b e c a u se  o f  th e  sm a ll  sam ple 

s i z e .  But th e  g o n a d o tro p ic  e f f e c t  was u n e q u iv o c a l;  a l l  o f  

th e  m a le s  had  h ig h e r  GSIs th a n  th e  c o n t r o l s  and  m ost came 

to  f u l l  n u p t i a l  c o lo r a t i o n  w i th  f lo w in g  sperm . A s l i g h t l y  

h ig h e r  h e m a to c r i t  a l s o  i n d i r e c t l y  s u g g e s te d  th e  gonad s t im ­

u l a t i o n .

2. G el f i l t r a t i o n  1 f r a c t i o n s

F r a c t io n s  I  and  I I  o f  th e  g e l  f i l t r a t i o n  a t  pH 7 .0  had  

com parab le  t h y r o t r o p ic  p o te n c ie s  w h ile  f r a c t i o n  I I I  had  an  

i n h i b i t o r y  e f f e c t  (T ab le  7 and  F ig .  8 ) .  A cco rd in g  to  th e  

m anner in  w hich th e  e f f l u e n t  was p o o le d , a l l  o f  th e  th y r o ­

t r o p i c  a c t i v i t y  c o u ld  have  r e s i d e d  in  th e  f i r s t  p r o t e in  

p eak  o r  i n  more th a n  one p e a k , b u t  no a c t i v i t y  was found  in  

th e  e f f l u e n t  ra n g e  c o r re s p o n d in g  to  a b o u t 5 0 ,0 0 0  MW o r  l e s s .  

H em oglobin, a  m o le c u le  o f  a b o u t 6 8 ,0 0 0  MW r e s id e d  in  th e  

seco n d  m ajo r p r o t e i n  peak  t h a t  co m p rised  th e  m a jo r i ty  o f  

f r a c t i o n  I I .  A s i g n i f i c a n t  p o in t  was t h a t  th e  th y r o t r o p ic  

a c t i v i t y  came o f f  th e  column in  th e  v e ry  h ig h  m o le c u la r  

w e ig h t ra n g e . A m onom eric form  o f  mammalian TSH w ould have  

a l l  r e s id e d  in  f r a c t i o n  I I I .  F u r th e r ,  f o r  t h e r e  to  have
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Table 7, Chronic in je c tio n s  o f ge l f i l t r a t i o n - I  fra c tio n s  in to  hypophys- 
ectomized female k i l l i f i s h .

E f f l­
uent

Calib­
ra tio n Sample P ro t­

ein^ ¥ t .^
)

Uptake GSI ^ Hemato­
(ml) (0. D.) wo (mg/ml ^ a g e c r i t

61.5 0.034\ IN 0.14N
63.5 0.182 Mean ± S. E. (N)
65.5 0.230 2 1.47
67.5 0.168 * *
69.5 0.100 3 3.44 } 49.0 32,4  ± 2.6  ± 44 ±
71.5 0.043 4 .9  (6) 0.2 (5) 2 (6)
73.5 0.040 H 4 4.00
75.5 0.030 (D 1 ,5 (1 male)
7 7 .5 0.020 5y 4.08 y
79.5 0 . 010/
81.5 0.00 6N 2.95N
8 5 .5 7 2.47
89.5 8 2 .8 7

 ̂ 68.6
* *

9 3 .5 9 3.48 29.5  + 11.0 + 39 +
9 7 .5 10 3.72 5 .0  T6) 1.4  T6) 1 T6)

101.5 11 3.28
105.5 12 / 2 .42/
109.5 13 > 1.64 N
113.5 14 1.28
117.5 15 1.05
121.5 16 0.89 20.2 0 .9  ± 11*8 ± 43 +
125.5
129.5

17
18 >111 0.61

0.47 0 .5  (5)^ 2.1 (5) 1 (6)

133.5 19 0.22 6.0  (1 male)
137.5 20 0.21
141.5 21 0.19
145.5 22 ' 0 .17
151.0 0.004.
1 5 7 .5 0.064 * *
163.1 0.228 S ta rtin g  m ateria l 25.3  i 14.1 + . 41 t
167.3 0.296

2
4 .5  (6) 2 .5  (5r 1 (4)

172.0 0.190
176.8 0.080 Controls 10.4 i 1 . 3 1 43 ±
181.8 0 . 026/ Z5

2 .9  (7) 0.2 (7) 3 (7)
185.4 0.004
1 / Total p ro te in  by Folin-C iocalteu  w ith  c ry s ta llin e  bovine albumin as a 
standard . 2 / One f is h  excluded from mean; i t  had a p itu ita ry  remnant.
3 / One male in  group; GSI = 6 .7 . 4 / Two tubes broke. 5/ Fish i n j ­
ected w ith  I ,  I I ,  I I I ,  and S. M. were ovu lating . 6/ lyophilized  wt. 
co rrected  fo r b u ffe r  residue . */ S ig n ifican tly  d if fe re n t from con tro ls  
(p<0.05).
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Figure 8. Sephadex G-100 gel filtration (pH 7 0, p 0 0025). The gonadal 

(upper) and thyroidal (lower) response to  the injected effluent is depicted 

with the total protein («-«). The vertical lines represent one S. E. 

above and below the mean.
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b een  a s i g n i f i c a n t  amount o f  t h y r o t r o p i c  a c t i v i t y  in  f r a c ­

t i o n  I  a c c o rd in g  to  th e  D e x tra n  B lue c a l i b r a t i o n ,  th e  

a c t i v i t y  w ould h ave  h a d  t o  h av e  b e en  a s s o c i a t e d  w ith  m o le ­

c u le s  o f  100 ,000  MW o r  g r e a t e r .

The u b iq u ito u s  g o n a d o tro p ic  a c t i v i t y  a t  l e a s t  showed a 

t r e n d  to w ard  a g r e a t e r  c o n c e n t r a t io n  in  th e  s m a lle r  m o le c u la r  

w e ig h t r a n g e .  How ever, th e  s p re a d  i t  e x h ib i t e d  c o u ld  o n ly  

h ave  o c c u rre d  b e c a u se  o f  a c t i v i t y  a s s o c i a t e d  w ith  a  w ide 

ra n g e  o f  m o le c u la r  w e ig h ts .  I t  i s  n o te w o rth y  t h a t  th e  eggs 

o b ta in e d  from  o v u la t in g  fe m a le s  a t  a u to p sy  a f t e r  f e r t i l i z a ­

t i o n  by hand  (sperm  was o b ta in e d  from  th e  few m ales in c lu d e d  

i n  th e  ex p e rim e n t)  d id  n o t  d e v e lo p  p a s t  b l a s to d i s c  fo rm a tio n ;  

th e  eggs w ere a t y p i c a l  and  o n ly  a b o u t h a l f  th e  s i z e  o f  eggs 

i n  norm al spaw ns.

The t o t a l  t h y r o t r o p i c  a c t i v i t y  c o n ta in e d  in  th e  s t a r t ­

in g  m a t e r i a l  was e q u a l  to  th e  amount c o n ta in e d  in  f r a c t i o n s  

I  and  I I  t o g e t h e r ,  assum ing  no  a c t i v i t y  was l o s t  i n  f r a c ­

t i o n a t i o n  and  l y o p h i l i z a t i o n ,  b u t  i t  was n o t  e v id e n t  from  

th e  u p ta k e  d a ta  t h a t  e i t h e r  f r a c t i o n  I  o r  I I  h ad  o n ly  h a l f  

o r  l e s s  th a n  t h a t  c o n ta in e d  in  th e  s t a r t i n g  m a te r i a l  w hich  

was i n j e c t e d  u n d i lu te d .  L ik e w is e , t h e r e  was e s s e n t i a l l y  th e  

same g o n a d o tro p ic  p o te n c y  in  f r a c t i o n s  I I  and  I I I  a s  in  th e  

u n d i lu te d  s t a r t i n g  m a t e r i a l .

3 . Gel f i l t r a t i o n  I I  f r a c t i o n s .

The i n j e c t i o n  d a ta  from  th e  a lk a l i n e  g e l  f i l t r a t i o n  

f r a c t i o n s  a r e  sum m arized i n  T a b le  8  and  F ig .  9 . The t o t a l  

p r o t e i n  was d i s t r i b u t e d  m ore u n ifo rm ly  o v e r  th e  p r o t e i n  e f ­

f l u e n t  ra n g e  a t  pH 9 .0  th a n  i t  was a t  n e u t r a l i t y .  F u r th e r ,  

a  s i g n i f i c a n t  r e - d i s t r i b u t i o n  o f  t h y r o t r o p i c  and  g o n a d o tro p ic  

p r i n c i p l e s  o c c u r re d . A f r a c t i o n  o f  th e  t h y r o t r o p ic  a c t i v i t y
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Table 8 , Chronic in je c tio n s  o f g e l f i l t r a t i o n - I I  f ra c tio n s  in to  
hypophysectoBiized k i l l i f i s h .

E ffluen t Sample^ Protein^ N Tracer uptake^ GSI^ Hematocrit^
(Ml) No. (mg/ml) ^ a g e

52.5 1 0.12
56.5 2 1.06 * *
60.5 3 2.58 6 16.2  ±  4 .0 0.88 ± 0.04 38 + 32

64.5 4 2.54
68.5 5 2.12

72.5 6 1.74
76.5 7 1.62 * *
80.5 8 I I 1.28 6 13.8  ±  3.0 1.44 ± 0.19 38 + 4
84.5 9 1.06
88.5 10 1.12 (3 w ith  flowing sperm)

92.5 11 1.28
96.5

100.5
12
13

I I I 1.52
1.78 7 10.4  ±  0.19 2*86 ±  0.25 42 + 2

104.5 14 1.84

108.5 15 1.76
112.5 16 1.56 * * 1,

116.5 17 IV 1.42 6 27.0  ±  6.6 7.04 ± 0.39 41 + 2^
120.5 18 1.40
124.5 19 1.40

128.5 20 1.52
132.5 21 1.72
136.5 22 1.88
140.5
144.5

23
24 V 1.86

1.32 6 16.6  ±  5.6 4*37 ±  0.24 36 + 2

148.5
152.5

25
26

0,50
0.36 (1 w ith  sperm in  duct)

156.5 27 0.18

156.5 to k
195.5=Vi Control 7 4 .4  ±  0.12 0.55  ±  0.07 37 + 5^

Vo =50.5 ml S. M. (no t determined)

1 / Mean ± S. E. 2 / Rounded to  the  n e a re s t in te g e r . 3 / C alib ra tion  
(conroarable to  G-IOO-I) not given. 4 / One hem atocrit tube broke. 5 / 
Folin-C iocalteu; c r y s ta l l in  bovine albumin standard . 6 / lyoph ilized  
w eights corrected  fo r  b u ffe r  re s id u e : 1-17.8 rag; 11-14,7 rag; III -1 2 .3  
rag; IV -l4 ,8  rag; V-29.1 rag. ♦/ S ig n if ic a n tly  d if fe re n t from contro l 
(P < 0 .05 ).
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Figure 9. Sephadex G-100 gel filtration (pH 9 0, p 0005). The gonadal 
(upper) and thyroidal (lower) response to  the injected effluent is depicted 
with the the total protein («-«). The vertical lines represent one S. E. 
above and below the mean. (•-•) = riboflavin calibration peak.
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was a s s o c i a t e d  w ith  m o le c u la r  w e ig h ts  o f  g r e a t e r  th a n  7 0 ,0 0 0 , 

b u t a  g r e a t e r  amount o f  t h y r o t r o p i c  a c t i v i t y  was found  in  

f r a c t i o n s  IV and V w hich  c o rre sp o n d e d  to  f r a c t i o n  I I I  i n  th e  

n e u t r a l  pH ru n  and w hich  c o n s t i t u t e d  a  m o le c u la r  w e ig h t 

ra n g e  o f  a b o u t 5 0 ,000  to  4 ,0 0 0 . I t  was im p o s s ib le  t o  e v a lu ­

a t e  how much o f  th e  low er t h y r o t r o p ic  p o ten cy  in  f r a c t i o n  

V was a t t r i b u t a b l e  to  i t s  low er i n j e c t i o n  d o sa g e , 27 jig/gm 

a s  opposed  to  35 p.g/gm in  f r a c t i o n  IV , s in c e  no lo g -d o s e  to  

re s p o n se  r e l a t i o n s h i p  was d e te rm in e d . The a l lo tm e n t  f o r  d o s ­

ag es o f  3 .5 ,  3 .5 ,  3 .6 ,  3 .5 ,  and  2 .7  mg/ml in  f r a c t i o n s  I ,  I I ,  

I I I ,  IV , and  V, r e s p e c t iv e ly  by ly o p h i l i z e d  w e ig h ts  l e s s  

b u f f e r  r e s id u e  w e ig h ts  c o rre sp o n d e d  to  3 .6 ,  2 .7 ,  3 .0 ,  3 .5 ,  

and 2 .4  mg/ml i n  f r a c t i o n s  I ,  I I ,  I I I ,  IV , and  V, r e s p e c t i v e ­

ly  by F o l in - C io c a l te u  w e ig h ts .

The g o n a d o tro p ic  p r i n c i p l e  showed a  t r e n d  to w ard  a  d i s ­

t r i b u t i o n  in  th e  lo w er p a r t  o f  th e  m o le c u la r  w e ig h t ran g e  

w ith  a  g r e a t e r  p o r t io n  ly in g  betw een  th e  second  and  t h i r d  

t o t a l  p r o t e i n  p e a k s . However s i g n i f i c a n t  am ounts w ere  c o n ­

t a in e d  in  th e  g r e a t e r  th a n  5 0 ,0 0 0  MW ra n g e . F low ing  sperm  

(u n e x p e c te d ly )  was n o t  a s s o c i a t e d  e x c lu s iv e ly  w ith  h ig h  GSIs 

a t  a u to p s y . T h ree  f i s h  i n j e c t e d  w ith  f r a c t i o n  I I  h ad  f lo w ­

in g  sperm  w hich  was se e n  in  o n ly  one o th e r  f i s h  ( f r a c t i o n  

IV ).

4 . Mammalian th y r o t r o p i c  p r e p a r a t i o n s .

The d a ta  a r e  sum m arized in  T ab le  9 . W ith in  each  group  

th e r e  was c o n s id e r a b le  i n d iv id u a l  v a r i a t i o n ,  some f i s h  w ere 

more re s p o n s iv e  th a n  o t h e r s .  However, t h e r e  was c lo s e  a g r e e ­

m ent be tw een  th e  fo u r  m ethods o f  e v a lu a t io n  o f  th y r o id  fu n c ­

t i o n :  th e  in c r e a s e  i n  t h y r o id  c e l l  h e ig h t  was p a r a l l e l e d  by

in c r e a s e s  in  t h y r o id  1-131  u p ta k e  and B E I-131.
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Table 9» The response of hypophysectomized male k i l l i f i s h  to  the 
chronic adm inistration of a heterothyrotropic fac to r and 
pu rified  mammalian thyrotropins.

Thyroid 1-131 uptake I - I 3I  uptake BBI-131
Group N

c e l l  h t . Day 2 (probe) Day 4 (well) Day 4 cpm/
_  P c£m/gm wt. id dose lO ju l serum
X ±  SE X + SB X ±  SB X ±  SB

Solvent 5 3.73 67,9 0.94
**

5.8
±  0,26 ± 1 6 .5 ± 0 .3 9 ± 2 .1

HTF 5 6,41* 669,1 * 8,21*
**

299.9
1 pg/gm ± 0.30 ± 218,1 ±  2.98 ± 87.0

HTF 5 3.89 102, 0*
. * 

2,42 7.9
0 .1  pg/gm ±  0.44 ±  16,2 ± 0,59 ± 0,8

HTF 5 3.79 79,1 0,84 7 .6
0,01 pg/gm + 0.16 ± 1 2 ,3 + 0.24 ± 0,1

TSH-F8-18-A 5 5,12* 564, 6* 9 . 50* 128.2*
1 mU/gm ± 0.31 ± 131.3 ± 2.60 ± 41.3

TSH-F8-18-A 5 3.46 85.8 1.50 6.5
0,05  mU/gm ± 0.38 ± 22,3 ± 0.58 ± 1,6

TSH-ÜSP 4 5 . 09* 759.4* U . 90* 182.8*
0 ,1  raU/gm ±  0,11 ±  322.2 ± 4,94 ± 92,5

* S ign ifican tly  g reater than the contro ls. 

** Only 4 f ish .
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The h e t e r o th y r o t r o p i c  f a c t o r  (HTF) was e f f e c t i v e  a t  

th e  h ig h e s t  dose (x  1 |ig /gm ) and  th e  re s p o n s e  was a p p r o x i ­

m a te ly  e q u iv a le n t  to  t h a t  e l i c i t e d  by TSH-USP a t  0 .1  mU/gm. 

The lo w e st dose  o f  HTF h a d  no e f f e c t , b u t  th e  in te rm e d ia te  

dose ( 0 . 1  |ig/gm ) showed a  s l i g h t  b u t  s i g n i f i c a n t  th y r o id  

s t im u la t in g  a c t i v i t y  when m easu red  by  1-131  u p tak e  (p ro b e  

o r  w e l l  c o u n te r ) ; t h y r o id  c e l l  h e ig h t  was n o t in c r e a s e d  a t  

t h i s  dose  and  th e  s l i g h t l y  h ig h e r  l e v e l  o f  BEX-131 i s  n o t  

s i g n i f i c a n t l y  g r e a t e r  th a n  i n  th e  c o n t r o l s .  P u r i f i e d  TSH 

8 -1 8 -A was a c t iv e  a t  th e  h i g h e r ,  b u t  n o t  a t  th e  low er d o se .

The e v id e n c e  s u g g e s ts  t h a t  1 jig HTF (7 -51-C ) i s  a p p ro x ­

im a te ly  e q u iv a le n t  to  1 mU (0 .0 7  tig) o f  p u r i f i e d  TSH (8 -1 8 -A) 

and to  0 .1  mU (1 .3 5  ug) o f  TSH-USP.



DISCUSSION 

P a r t  I

Io d in e  c o n v e rs io n  r a t i o ,  an  a p p a r e n t ly  v a l i d  in d ex  o f  

th y r o id  a c t i v i t y  i n  hum ans, may be m is le a d in g  when a p p lie d  

to  f i s h .  A rgum ents t h a t  s t r o n g ly  fa v o r  t h i s  v iew  a re  b a se d  

on th e  ways p r o t e in  bound io d in e  i s  known to  be  a f f e c te d  

(Hickm an, 1962; Hoar and  B a le s ,  1963; La R oche, e t .  a l . ,

1965) . Serum FBI d e te rm in e d  by  TCA p r e c i p i t a t i o n  was shown 

to  v a ry  d i r e c t l y  w ith  io d id e  c o n c e n tr a t io n s  (Hickm an, 1962) 

and io d id e  c o n ta m in a tio n  p ro b a b ly  a c c o u n ts  f o r  th e  l a r g e s t  

so u rc e  o f  e r r o r  i n  th e  FBI c o n v e rs io n  r a t i o  m ethod . ^ T h is 

d i r e c t  r e l a t i o n s h i p  be tw een  io d id e  and  FBI i s  su g g e s te d  by 

th e  h ig h  FB I-131 l e v e l s  t h a t  c o rre sp o n d  to  h ig h  t o t a l  serum  

io d in e  l e v e l s  im m e d ia te ly  fo l lo w in g  i n j e c t i o n ,  (F ig . 1 ) .  

P resu m ab ly , a l l  serum  p r o t e in s  have  an o v e r a l l  n e t  p o s i t iv e  

c h a rg e - a t  th e  low pH o f  TCA s o l u t io n  and  form  a  s tro n g  

coulom bic a s s o c i a t i o n  w ith  a n io n s .  Io d id e  i s  p re s e n t  in  th e  

p r o t e in  p r e c i p i t a t e  even  a f t e r  f i v e  w ashes w ith  TCA, (La 

R oche, e t .  a l . ,  1 9 6 4 ). The r a d io th y r o x in e - p r o te in  complex 

i s  p ro b a b ly  m asked c o n s id e r a b ly  by i o d id e - p r o te i n  and p o s s ib ­

ly  io d in a te d  t y r o s i n e - p r o t e i n  (B e rg , e t .  a l . ,  1959; L e lo u p , 

and  F o n ta in e ,  1960; H ickm an, 1962; C h av in , 1965^^) com plexes 

even  in  th e  second  FB I-131 p eak  (F ig .  1) s in c e  th e  40-50 

h o u r FBI-131 p e rc e n ta g e  d e te rm in e d  by TCA p r e c i p i t a t i o n  i s

^  Chavin e x t r a c t e d  serum  F B I-125 w ith  A m b e rli te  IRA-400 

and g o t v a lu e s  m ore n e a r ly  r e p r e s e n t a t i v e  o f  p r o t e in  bound 

th y ro x in e .  S ubsequen t t h i n  l a y e r  ch rom atog raphy  s e p a ra t io n  

r e v e a le d  o n ly  T4 .

^  Chavin found  no io d in a te d  t y r o s in e s  i n  s e x u a l ly  im m ature 

g o ld f i s h .
(51)
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s t i l l  many tim e s  h ig h e r  th a n  th e  PB I-131 p e rc e n ta g e  d e t e r ­

m ined by g e l  f i l t r a t i o n .  I t  i s  l i k e l y  t h a t  io d id e  w ould 

a s s o c i a t e  o n ly  w eak ly  ( I n g b a r ,  e t  , 1956) o r  n o t  a t  a l l  

w ith  serum  p r o t e in s  n e a r  b lo o d  pH b e c a u se  o f  t h e i r  o v e r a l l  

n e t  n e g a t iv e  c h a rg e . T h is  r e l a t i o n s h i p ,  w e l l  docum ented in  

hum ans, does n o t  seem u n l ik e l y  in  f i s h  s in c e  f i s h  have th e  

same g e n e ra l  serum  p r o t e i n  t y p e s . G el f i l t r a t i o n  w ould have  

th e  e f f e c t  o f  co m p le te  serum  p r o t e i n  d i a l y s i s  and w ould com­

p l e t e l y  s e p a r a te  io d id e  from  p r o t e i n  when th e y  w ere w eakly  

a s s o c i a t e d .  On th e  o th e r  h a n d , th e  th y r o x in e - p r o te in  com­

p le x ,  h a v in g  a  h ig h  e q u i l ib r iu m  c o n s ta n t  a t  b lo o d  pH ( I n g b a r ,  

1 9 6 0 ), sh o u ld  be o n ly  s l i g h t l y  s e p a r a te d  by g e l  f i l t r a t i o n .  

PB I-131 v a lu e s  o b ta in e d  by  t h i s  m ethod may be low ered  some, 

w hat b u t  sh o u ld  n o t  be i n a c c u r a te  b e c a u se  o f  io d id e  contam ­

i n a t i o n .  C o v a len t bonds form ed be tw een  io d in e  and p r o t e in  

w ould r e s u l t  in  h ig h e r  PB I-131 v a lu e s .

I n  v iew  o f  th e  e f f e c t  o f  io d id e  c o n c e n tr a t io n  on PB I- 

131 d e te rm in e d  by TCA p r e c i p i t a t i o n ,  PBI v a lu e s  o b v io u s ly  

c o u ld  r e f l e c t  th e  io d id e  c le a r a n c e  r a t e s  from  th e  b lo o d .

In  t h i s  c a s e ,  f i s h  w ith  m ore s t im u la te d  th y ro id s  w ould have 

c o rre s p o n d in g ly  low er PB I-131 v a lu e s .  However, th e  d i f f e r ­

ence betw een  PB I-131 v a lu e s  o f  t r e a t e d  f i s h  and t h e i r  c o n ­

t r o l s  i s  n o t  a l l  a t t r i b u t a b l e  to  c o rre s p o n d in g ly  d i f f e r e n t  

io d id e  c o n c e n tr a t io n s  s in c e  a  d i r e c t  r e l a t i o n s h i p  d id  n o t  

e x i s t  th ro u g h o u t th e  fo re g o in g  e x p e r im e n ts ,  ( c f .  PB I-131 

and c o rre sp o n d in g  t o t a l  serum  r a d i o a c t i v i t y  a f t e r  2 0  h o u r s .  

F ig u re  o n e ; 2 4 -h o u r PB I-131 v a lu e s  in  F ig .  5 w ith  c o rre s p o n d ­

in g  t o t a l  serum  r a d io io d in e  c o u n t s ) . The d i r e c t  r e l a t i o n s h i p  

i s  n o t  a p p a re n t  a f t e r  t h e  f i r s t  20-25 h o u rs  a f t e r  io d id e  i n ­

j e c t i o n .
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A lth o u g h  a d m it te d ly  n o t  w e l l  u n d e rs to o d  a t  p r e s e n t ,  

f a c t o r s  o th e r  th a n  th e  above t h a t  may in f lu e n c e  PBI c o n ­

v e r s io n  r a t i o s  a r e  abnorm al t o t a l  serum  p r o t e i n  c o n c e n tr a ­

t i o n s ,  u n s a tu r a te d  l i p i d s  and  l i p o p r o t e i n  c o n c e n tr a t io n s ,  

h e m o ly s is ,  r e n a l  and  e x t r a r e n a l  io d id e  e x c r e t io n  r a t e s  

(L eloup  and F o n ta in e ,  1 9 6 0 ), io d id e  f i x a t i o n  r a t e s  by t i s ­

su e s  o th e r  th a n  th e  th y r o id  (L elo u p  and F o n ta in e ,  1 9 6 0 ), 

and  th e  r e c y c l in g  r a t e s  o f  m e ta b o liz e d  th y ro x in e  io d in e ,  

(C h av in , 1 9 6 5 ).

In  l i g h t  o f  th e  fo re g o in g  d i s c u s s io n ,  i t  becomes more 

u n d e rs ta n d a b le  why a t r u l y  d i r e c t  r e l a t i o n s h i p  betw een t r e a t ­

m ent dosage  and  p r o t e i n  bound r a d io th y r o x in e  i s  m asked in  an 

in v e r s e  r e l a t i o n s h i p  betw een  dosage  and  th e  o v e r a l l  PB I-131 . 

The o v e r a l l  PB I-131 p e r c e n ta g e s ,  th e  c o n v e rs io n  r a t i o ,  i n ­

d i r e c t l y  in d ic a te d  th y r o id  a c t i v i t y ,  a lth o u g h  n o t  a s  co n ­

c lu s iv e ly  a s  d id  th e  b u ta n o l  e x t r a c t a b l e  r a d io io d in e  r a t i o s  

s in c e  b u ta n o l  e x t r a c t i o n ,  a  c o m p le te ly  r e l i a b l e  m ethod , i s  

s p e c i f i c  f o r  th y ro x in e  and  t r i i o d o t h y r o n in e .

A lthough  th e  amount was n o t  a s s e s s e d ,  s t a b l e  is o to p e  

i n j e c t i o n  a lo n g  w ith  th e  r a d i o a c t i v e  n u c l id e  h ad  th e  e f f e c t  

o f  lo w e rin g  th e  PB I-131 and  B EI-131 p e rc e n ta g e s .  A more 

d i r e c t  l i n e  o f  e v id e n c e  f o r  t h i s  i s  p r e s e n te d  i n  P a r t  I I  

from  th e  r e s u l t s  o b ta in e d  on k i l l i f i s h .  C a r r ie r  io d id e  

a p p a r e n t ly  d i l u t e d  th e  r a d i o a c t i v e  n u c l id e ,  lo w e rin g  th e  

r a d io io d id e  u p ta k e  p e rc e n ta g e  by  th e  th y r o id .  A lso , i n ­

j e c t i n g  v a ry in g  am ounts o f  r a d io  io d in e  (0 .0 5  - 0 .2  |xc/gm) 

a p p e a re d  to  c a u se  no a p p r e c ia b le  d i f f e r e n c e  in  th e  r e s u l t s  

o f  p r o t e in  bound o r  b u ta n o l  e x t r a c t a b l e  io d in e  r a t i o s .  Only 

a b s o lu te  am ounts o f  m easu red  r a d i o a c t i v i t y  w ere a f f e c t e d  a s  

was e x p e c te d .
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Some c o l l a t e r a l  e f f e c t s  o f  i n j e c t i n g  th e  n o n - p u r i f i e d  

p i t u i t a r y  e x t r a c t  w ere e v id e n t .  The g ra v id  fem ales o v u la te d  

a s  was e x p e c te d  in d ic a t i n g  th e  p re s e n c e  o f  g o n a d o tro p in s  in  

th e  e x t r a c t . The o n ly  i n d i r e c t  e n d o c r in e  pathw ay t h a t  h a s  

b een  shown to  c au se  o v u la t io n  in  f i s h  i s  th ro u g h  LH s t im u ­

l a t i o n  o f  th e  i n t e r e n a l s  (S u n d a ra ra j  and Goswami, 1 9 6 6 ). 

O v u la tio n  o c c u r re d  a t  th e  e x p e c te d  tim e  i n t e r v a l  a f t e r  i n ­

j e c t i o n  (C lem ens and  G r a n t , 1 9 6 4 ). I t  was n o t  a p p a re n t  w hat 

i n d i r e c t  e f f e c t s  o v u la t io n  o r  c a r r i e r  1-127 may have h ad  on 

th e  i n j e c t e d  f i s h e s '  t h y r o id  a c t i v i t y  due to  an endogenous 

r e l e a s e  o f  TSH. An i n h i b i t o r y  e f f e c t  o f  1-127 on th e  en d o g e­

nous r e l e a s e  o f  TSH sh o u ld  n o t  be  a p p a re n t  in  an a c u te  r e ­

sponse  to  exogenous TSH. T h is  k in d  o f  feed b ack  m echanism  

i s  b e l ie v e d  to  r e q u i r e  a  r e l a t i v e l y  lo n g e r  tim e th a n  th e  

a c u te  re s p o n s e  to  TSH i n j e c t i o n s .  However, an a b ru p t d e ­

f l e c t i o n  in  th e  g e n e ra l  r i s e  in  PB I-131 and  th e  BEI-131 

j u s t  a f t e r  o v u la t io n  was e v id e n t ,  (F ig . 3 ) .

I t  i s  known t h a t  ACTH, w h ich  sh o u ld  have  been  p r e s e n t  

i n  th e  e x t r a c t ,  s u p p re s s e s  t h y r o id  f u n c t io n ,  (C hav in , 1954; 

1956a) in  g o l d f i s h .  How ever, ACTH' s e f f e c t s  a re  m ore immed­

i a t e  and n o t  a s  lo n g  l a s t i n g  a s  th o s e  o f  TSH. T e o lo s ts  r e ­

spond to  ACTH tr e a tm e n t  and  r e t u r n  to  no rm al in  an e x tre m e ly  

s h o r t  tim e  i n t e r v a l ,  a  few h o u rs  i n  some in s t a n c e s ,  (S e e , 

TABLES 23 and  24 ; P ic k fo rd  and  A tz , 1 9 5 7 ). T h is  r e l a t i o n ­

s h ip  i s  s u g g e s te d  by th e  d a ta  shown in  F ig .  6 . The f i s h  

re sp o n d ed  to  e x t r a c t  t r e a tm e n t , b u t  t h e i r  re sp o n se  o r i g i n a t - 

ed  a t  a  low er l e v e l  th a n  th e  c o n t r o l s .  T h is  was a p p a r e n t ly  

c au sed  by th e  im m ediate  e f f e c t s  o f  ACTH, a  d e p re s s io n  o f  

th y r o id  a c t i v i t y .



DISCUSSION 

P a r t  I I

The u l t im a te  aim  o f  t h i s  s tu d y  was to  u t i l i z e  th e  

th y r o t r o p ic  re s p o n s e  f o r  a s s a y in g  p i t u i t a r y  f r a c t io n s  from  

i s o l a t i o n  p r o c e d u r e s . Many o f  th e  c o l l a t e r a l  problem s 

( io d in e  m e ta b o lism , n o n - th y r o id  b i o l o g i c a l  phenomena, and  

p rob lem s w ith  p h y s ic a l  d e v ic e s )  t h a t  p r e s e n te d  th e m se lv e s , 

w h ile  b a s i c a l l y  c h a l le n g in g  and  in f o r m a t iv e ,  w ere r e s o lv e d -  

w here  im m ediate  s o lu t io n s  w ere  p o s s ib le - o n ly  to  in s u re  

so u n d n ess o f  th e  m ethods and  to  p re v e n t  a m b ig u ity  in  i n t e r ­

p r e t i n g  th e  r e s u l t s .  P re c e d e n ts  in  TSH b io a s s a y  m ethodology  

t h a t  have  been  w o rk ab le  in  o th e r  s p e c ie s  w ere  e i t h e r  n o t  

a p p l i c a b le  o r  n o t  y e t  co n firm ed  f o r  th e  f i s h  u sed  in  th e  

p r e s e n t  s tu d y . C o n se q u e n tly , a  c r i t i q u e  o f  th e  p re l im in a ry  

e x p e r im e n ta t io n  seems w o r th w h ile .

A lthough  th e r e  sh o u ld  be  no s a c r i f i c e  o f  r e a l  a c c u ra c y  

f o r  e x p ed ien cy  in  a  b io a s s a y ,  th e  r e s t r i c t i o n s  im posed by 

" r e l i a b l e  and r o u t i n e , "  o u t o f  n e c e s s i t y  r e s u l t  in  a  com­

p ro m ise . Prom pted by  t h i s  a s su m p tio n , r e l a t i v e l y  e x h a u s ­

t i v e  t r i a l s  w ere  c a r r i e d  o u t  to  e s t a b l i s h  a  b io a s s a y  u s in g  

t r a c e r  io d in e  u p ta k e  by i n t a c t  a n im a ls  h a v in g  had  a c u te  

horm one i n j e c t i o n s . The r e l a t i v e l y  la b o r io u s  and  le n g th y  

m ethods o f  th y r o id  h i s to lo g y  and  hypophysectom y w ere n o t  

p u rsu e d  i n i t i a l l y  a s  a  com prom ise f o r  " r o u t in e n e s s "  a s  w e l l  

a s  f o r  o th e r  r e a s o n s .

In  a l l  t h e  i n t a c t  f i s h  t e s t e d ,  o n ly  th o s e  in  one e x ­

p e rim e n t showed any e v id e n c e  o f  s t i m u l a t i o n .  T h is  s t im u la ­

t i o n  was u n d o u b ted ly  o n ly  p o s s ib l e  b e c a u se  th e  hormone r e ­

c i p i e n t s  had  r e l a t i v e l y  low endogenous th y r o t r o p in  l e v e l s .

I t  i s  p o s s ib le  t h a t  i n t a c t  f i s h  c o u ld  b e  u se d  s u c c e s s f u l ly
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a s  a s s a y  a n im a ls  i f  c h ro n ic  i n j e c t i o n s  w ere  g iv e n  s in c e  

th y r o id  f o l l i c l e  p r o l i f e r a t i o n  may be a lo n g e r  te rm  r e ­

sp o n se  to  t h y r o t r o p in  th a n  th e  a c u te  e f f e c t s  on io d id e  

t r a p p in g  by e x i s t i n g  f o l l i c l e s .  H ow ever, a  s t im u la t io n  in  

i n t a c t s  w ould s t i l l  h ave  to  b e  i n t e r p r e t e d  w ith  r e s e r v a t i o n s :  

one w ould n o t  know w ith  c e r t a i n t y  how much o f  th e  s t im u la ­

t i o n  was a f f e c t e d  by endogenous TSH w hich  may be e le v a te d  

in  re s p o n se  to  th e  i n j e c t e d  m a t e r i a l s .

S in g le  i n j e c t i o n s  o f  t h y r o t r o p i n  o v e r a w ide dosage 

ra n g e  w ere i n e f f e c t i v e  (d a ta  n o t  in c lu d e d  in  t h i s  r e p o r t )  

i n  th r e e  t e s t  g roups o f  r e c i p i e n t s ,  s t a r v e d  i n t a c t s ,  f e d  

i n t a c t s ,  and  h y p o p h y sec to m ized  k i l l i f i s h .  The s ta r v e d  

g roup  had  e x c e e d in g ly  low  u p ta k e s  and  n e i t h e r  o f  th e  o th e r  

two g roups showed any t r e n d  i n  t r a c e r  u p ta k e  o r  r a d i o t h y ­

ro x in e  p ro d u c tio n  t h a t  c o r r e l a t e d  to  lo g -d o s e . Hypophy­

se c to m iz e d  k i l l i f i s h  showed s t im u la t io n  a f t e r  o n ly  th r e e  

p i t u i t a r y  e x t r a c t  i n j e c t i o n s  on a l t e r n a t e  days even  a f t e r  

55 days o f  r e g r e s s io n .  F is h  i n  co m p le te  r e g r e s s io n  (a tro p h y )  

w ould a lm o st c e r t a i n l y  ta k e  m ore i n j e c t i o n s  and a  lo n g e r  

tim e  f o r  r e g e n e r a t io n  u n le s s  e x tre m e ly  p o te n t  d o ses  w ere 

g iv e n .

T here  a r e  a rgum en ts  in  f a v o r  o f  n o t l im i t i n g  a s s e s s ­

m ents o f  th y r o id  a c t i v i t y  in  i n t a c t  f i s h  to  any one o f  th e  

e s t a b l i s h e d  m ethods a lo n e .  F o r exam ple , P ic k fo rd  and 

R o b e rtso n  (u n p u b lis h e d )  found  (u n e x p e c te d ly )  t h y r o id  c e l l  

h e ig h t s  in  lo n g - te rm  s a l t  w a te r - a d a p te d  k i l l i f i s h  no d i f ­

f e r e n t  from  f r e s h w a te r  -  a d a p te d  c o n t r o l s . A ls o , P ic k fo rd  

and  S l ic h e r  (u n p u b lish e d )  a g a in  found  no d i f f e r e n c e  in  

th y r o id  c e l l  h e ig h t s ;  b u t ,  t h y r o id  u p ta k e s  and c le a r a n c e  

r a t i o s  a t  th e  same tim e  in d ic a t e d  (e x p e c te d ly )  h ig h e r  t h y ­

r o i d  a c t i v i t i e s  i n  th e  s a l t  w a te r  e n v iro n m en t. Y e t, d a ta
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i n  th e  p r e s e n t  s tu d y  show f r e s h w a te r  f i s h  t o  have  h ig h e r  

( 0 . 1 > p < 0 .0 5 )  u p ta k e s  b u t  low er serum  io d id e  l e v e l s - i n ­

t ro d u c in g  a n o th e r  v a r i a b l e  o f  g r e a t  co n seq u e n ce . O th e r 

i n v e s t i g a t i o n s ,  ( S w if t ,  1960; F o n ta in e ,  L e lo u p , and 

O l iv e r e a u , 1952) su g g e s t t h y r o id  c e l l  h e ig h t s  in  i n t a c t  

f i s h  a r e  n o t  a lw ays c o r r e l a t e d  t o  th y r o id  a c t i v i t y ;  b u t ,  

i n  th e  r e g r e s s e d ,  h y p o p h y sec to m ized  k i l l i f i s h  t r e a t e d  w ith  

c h ro n ic  horm onal i n j e c t i o n s  i n  t h i s  s tu d y ,  th e y  gave e s t i ­

m ates  o f  th y r o id  f u n c t io n  co m p arab le  t o  serum  ra d io th y ro x in e  

p ro d u c tio n  and  th y r o id  io d in e  u p ta k e s .

W ith th e  in fo rm a tio n  from  th e s e  p i l o t  e x p e rim e n ts  i t  

was p o s s ib le  t o  fo rm u la te  a  b a s i c  scheme f o r  m easu rin g  

th y r o id  a c t i v i t y  i n  d e f i n i t i v e  e x p e rim e n ts  and  to  u n d e rs ta n d  

m ore abou t w hat c o n s t i t u t e d  an  " a s s a y  a n im a l ."  S e v e ra l  p ro b ­

lem s , how ever, a re  s t i l l  u n so lv e d  and  l i k e l y  cau sed  lo s s  o f  

s e n s i t i v i t y .  The la r g e  v a r i a t i o n s  w i th in  g ro u p s a r e  d i f f i ­

c u l t  to  e x p la in  and  p r e s e n t ly  u n a v o id a b le .  In  s p i t e  o f  th e  

p r e c a u t io n s  t a k e n ,  t h e r e  w ere  a lw ays v a r i a t i o n s  in  th e  

p h y s io lo g ic a l  s t a t e  o f  random ly  sam pled  i n d iv i d u a l s .  Much 

o f  th e  v a r i a b i l i t y  c o u ld  p ro b a b ly  be  overcom e i f  one c o u ld  

s e l e c t  a n im a ls  from  a  u n ifo rm , in b re d  s t r a i n .  The p o p u la ­

t i o n  u sed  f o r  th e  p r e s e n t  s e r i e s  o f  e x p e rim e n ts  showed co n ­

s id e r a b le  g e n e t ic  v a r i a b i l i t y .  I n d iv id u a ls  g r o s s ly  " o u t o f  

l i n e "  i n  t h e i r  group  w ere ch eck ed  f o r  p i t u i t a r y  re m n a n ts .

In  some c a se s  a  p i t u i t a r y  rem nan t can  be o b v io u s  and  can be 

d e te c te d  by a  q u ic k  e x a m in a tio n  a t  a u to p s y . However, sm a ll  

c l u s t e r s  o f  o n ly  a  few th y r o t r o p i c  c e l l s  h ave  been  shown to  

rem a in  in  some c a se s  o f  hypophysectom y and  t o  p re v e n t f o l l i ­

c u la r  a tro p h y  (P ic k f o rd ,  p e r s o n a l  c o m m u n ica tio n ). Only s e c ­

t io n in g  and m ic ro s c o p ic a l  e x a m in a tio n  a f t e r  a u to p sy  can  r e -
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v e a l  t h i s .

The p i l o t  s t u d i e s  e s t a b l i s h e d  t h a t  f i s h  b ro u g h t in  

from  t h e i r  n a t u r a l  h a b i t a t  a t  d i f f e r e n t  t im e s  o f  th e  y e a r  

re sp o n d  d i f f e r e n t l y  a s  a s s a y  o rg a n ism s . C r i t e r i a  u se d  to  

a s s e s s  t h y r o id  a c t i v i t y  in  k i l l i f i s h  and  o th e r  s p e c ie s  show 

rhy thm s a t tu n e d  to  t h e i r  a n n u a l c y c le  (B e rg , Gorbman, and 

K o b a y ash i, 1959; S w if t ,  I9 6 0 ; F o n ta in e ,  L e lo u p , and  O liv e re a u , 

1952; M a tty , 1 9 6 0 ). M o reo v er, some in d iv id u a ls  a r e  o u t o f  

p h ase  and la r g e  v a r i a t i o n s  i n  th e  s t a t e  o f  th y r o id  d e v e lo p ­

m ent a r e  e n c o u n te re d . T hese v a r i a t i o n s  a p p e a r  to  p e r s i s t  

th ro u g h o u t r e g r e s s io n  fo l lo w in g  hypophysectom y.

P resu m ab ly , th e r e  i s  an  o p tim a l  number and an o p tim a l 

p h y s io lo g ic a l  s t a t e  f o r  " f u n c t io n a l  f o l l i c l e s "  in  a s s a y  

f i s h .  The o p tim a l s t a t e  p ro b a b ly  l i e s  betw een  th e  ex trem es 

o f  co m p le te  p o s t-h y p o p h y se c to m ia l a tro p h y  and th e  " n a tu r a l"  

a c t i v e  s t a t e .

Gel e l e c t r o p h o r e s i s , i n  th e o ry  a t  l e a s t , sh o u ld  be  a 

h ig h ly  e f f e c t i v e  m ethod f o r  o b ta in in g  a  d e g re e  o f  p u r i t y  in  

TSH u n a t t a in a b le  by o th e r  p r o t e i n  i s o l a t i o n  m ethods. Un­

f o r t u n a t e l y ,  n o t  enough i s  known a b o u t th e  ch em ica l and 

p h y s ic a l  p r o p e r t i e s  o f  c a rp  TSH to  employ th e  c o r r e c t  g e l  

e l e c t r o p h o r e t i c  sy s tem  f o r  i t s  s e p a r a t io n .  The s ta n d a rd  

sy stem  em ployed i n  th e  p r e s e n t  s tu d y  u t i l i z e d  a  " s ta c k in g "  

pH o f  6 .7 5  and  a " ru n n in g "  pH o f  9 .5  w hich  had  n o th in g  to  

recommend i t .  On th e  c o n t r a r y ,  i f  p i s c in e  TSH h a s  an 

i s o i o n ic  ra n g e  com parab le  to  mammalian TSH, a  c a t i o n i c   ̂

sy s tem  w ould y i e l d  b e t t e r  r e s u l t s .  A ls o , a p re l im in a ry  

p u r i f i c a t i o n  s te p  w ould seem n e c e s s a ry  s in c e  th e  r e l a t i v e l y  

l a r g e  am ounts o f  t o t a l  p r o t e i n  n e c e s s a ry  f o r  c h a rg in g  a  ru n  

w i th  s u f f i c i e n t  th y r o t r o p ic  a c t i v i t y  in tro d u c e d  th e  p rob lem
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o f  o v e r lo a d in g  and  cau sed  c lo g g in g .

P r e s e n t ly ,  i t  i s  im p o s s ib le  to  p r e d i c t  w h e th er th e  

TSH m o le cu le  m ig ra te d  a s  an  a n io n  o r  c a t io n  in  th e  s ta n d a rd  

sy s tem  em ployed s in c e  i t s  i s o i o n i c  p o in t  was n o t  known. A l­

s o ,  in  g e l  f i l t r a t i o n  a t  n e u t r a l  pH i t  a p p e a re d  to  be a s s o c i ­

a te d  w ith  o th e r  u n l ik e  o r  l i k e  m o le c u le s .  B io lo g ic a l ly  

a c t i v e  p r o te in s  a r e  known to  form  cou lom bic  a s s o c ia t io n s  

q u i t e  r e a d i l y  ( P ie r c e  and  C a r s te n ,  1 9 6 3 ). I t  seeifts l i k e l y  

t h a t  c a rp  TSH l i k e  mammalian TSH h a s  a  r e l a t i v e l y  h ig h  

i s o i o n i c  p o in t  and  a t  a  pH 7 .0  o r  l e s s  i t  w ould have an  o v e r ­

a l l  n e t  p o s i t i v e  c h a rg e  a s s o c i a t i n g  to  a  h ig h  d eg ree  w ith  

n e g a t iv e ly  c h a rg e d  s p e c i e s ,  e s p e c i a l l y  th e  h ig h ly  n e g a t iv e ly  

c h a rg e d  p h o sp h a te  g ro u p s o f  n u c l e i c  a c id s  and  n u c le o t id e s .  

T h is  w ould a c c o u n t f o r  i t s  o c c u r re n c e  in  th e  100,000 MW 

e f f l u e n t  ra n g e  in  Sephadex G-100 g e l  f i l t r a t i o n  a t  n e u t r a l  

pH. Only f u r t h e r  e x p e r im e n ta t io n  w i l l  s o lv e  th e s e  p ro b lem s.

A lthough  th e  g e l  e l e c t r o p h o r e t i c  sy stem  em ployed was 

i n e f f e c t i v e  f o r  TSH, i t  a p p e a re d  q u i t e  p ro m is in g  a s  a  m ethod 

f o r  g o n a d o tr o p in ( s ) . The s l i c e s  t h a t  co n ta in ec f a su b s ta n c e  

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

m oted  gonad g row th  and  m a tu r a t io n ,  was c e n te r e d  c lo s e r  to  

th e  o r i g in  (R f ra n g e  0 .2 8  to  0 .5 2 )  th a n  th e  g o n ad a l h y d r a ­

t i o n  f a c t o r  (R f ra n g e  0 .5 0  to  0 .6 7 )  i n  c a rp  p i t u i t a r i e s  

(Clem ens and G ra n t,  u n p u b l is h e d ) .  /

T h is  h y p o th e s is  n eed s  to  be  exam ined f u r t h e r  w ith  more 

c r i t i c a l  s l i c i n g  and  more i n j e c t i o n  g ro u p s o v e r th e  im p l i c a t ­

ed  R£ ra n g e  to  ta k e  a d v a n ta g e  o f  th e  h ig h  r e s o l u t i o n  p r o p e r ­

t i e s  o f  th e  i s o l a t i o n  m ethod .

I t  seems l i k e l y  t h a t  two g o n a d o tro p ic  f a c t o r s  a r e  im ­

p l i c a t e d  in  th e s e  and  o th e r  s t u d i e s :  one f a c t o r  c au s in g
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o v u la t io n  o r  s p e rm la t io n  ( h y d r a t io n  r e s p o n s e )  a c t in g  o v e r 

a s h o r t  te rm  (LH?) and  one f a c t o r  s t im u la t in g  g am e to g en es is  

w ith  su b seq u e n t gonad w e ig h t in c r e a s e  and  sex  s t e r o i d  p r o ­

d u c tio n  a c t in g  o v e r  a  r e l a t i v e l y  lo n g  te rm  (FSH, IC SH ?). At 

p r e s e n t  th e  p rob lem  o f  p i s c in e  FSH h a s  n o t  been  r e s o lv e d .

Gel f i l t r a t i o n  %

One o f  th e  m ost d i f f i c u l t  p rob lem s in  i s o l a t i n g  mam­

m a lia n  g o n a d o tro p in  and  th y r o t r o p i n  h a s  been  th e  c ro s s  c o n ­

ta m in a t io n  o f  one w ith  th e  o t h e r .  I t  was u n e x p ec te d  t h a t  

g e l  f i l t r a t i o n ,  w hich  i s  n o t  n o rm a lly  th o u g h t o f  a s  a  "h ig h  

r e s o l u t i o n "  m ethod , sh o u ld  show a  d e f i n i t e  t r e n d  tow ard  

s e p a r a t in g  th e s e  two p r i n c i p l e s .  B oth ru n s  in  th e  p r e s e n t  

s tu d y  showed t h i s  t r e n d .  A lth o u g h  t h e r e  was n o t  s i g n i f i c a n t  

q u a n t i t a t i v e  s e p a r a t i o n ,  th e  t r e n d  t h e o r e t i c a l l y  im p lie s  

t h a t  a  com p lete  s e p a r a t io n  i s  p o s s ib l e .

I t  was n o t  p o s s ib l e  to  d e te rm in e  w hat p e rc e n ta g e  o f  

th e  c h a rg e  o f  t h y r o t r o p i n  w as re c la im e d  in  th e  e f f l u e n t  n o r  

how g r e a t  a  p u r i f i c a t i o n  was a c h ie v e d  s in c e  th e  a c t i v i t y  was 

n o t  a s sa y e d  q u a n t i t a t i v e l y  an d  s in c e  b o th  f r a c t i o n s  t h a t  

c o n ta in e d  s i g n i f i c a n t  p o te n c ie s  re sp o n d e d  m ax im ally  r e l a t i v e  

to  th e  s t a r t i n g  m a t e r i a l .  I n  f a c t ,  th e  a s s a y  h i n t s  a t  h i g h ­

e r  p o te n c ie s  in  b o th  f r a c t i o n s  th a n  in  th e  u n d i lu te d  s t a r t ­

in g  m a t e r i a l .  L ik e w is e , f r a c t i o n  I I I  c o n ta in e d  an i n h i b ­

i t o r y  su b s ta n c e  (ACTH?) t h a t  w ould p ro b a b ly  have  a f f e c t e d  

th e  re s p o n s e  to  th e  s t a r t i n g  m a t e r i a l  b u t  was s e p a ra te d  from  

f r a c t io n s  I  and  I I .

The p re s e n c e  o f  two g o n a d o tro p ic  f a c t o r s  was s u g g e s te d  

in  th e  p i t u i t a r y  f r a c t i o n s  o b ta in e d  by g e l  f i l t r a t i o n .  

O v u la tio n  o c c u r re d  d e s p i t e  th e  u n r ip e n e d  c o n d i t io n  o f  th e  

o v a r ie s  (im m ature ova) . T h is  la c k  o f  c o o rd in a t io n  was o b v i-



( 61 )

ous and su g g e s te d  th e  p re s e n c e  o f  m ore th a n  one f a c t o r  

a c t in g  in d e p e n d e n tly  on th e  g o n ad s . The "norm al"  seq u en ce  

o f  m a tu ra t io n  and o v u la t io n  c o u ld  have  been  d is r u p te d  by 

i n j e c t i n g  a  m ix tu re  o f  two f a c t o r s  s e p a r a t e ly  r e s p o n s ib le  

f o r  each  r e s p e c t iv e  f u n c t io n .

G el f i l t r a t i o n  I I

The s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  t h y r o t r o p ic  a c t i v i t y  

from  n e u t r a l  pH to  a l k a l i n e  pH im p lie s  t h a t  a  change o c c u rre d  

in  th e  m o le c u la r  d im en sio n s  a s s o c i a t e d  w ith  th e  a c t i v i t y .

T h is  change fo llo w e d  a l o g i c a l  p a t t e r n .  I t  was p r e d ic te d  

t h a t  a  pH above th e  i s o i o n i c  p o in t  o f  TSH w ould c au se  d i s ­

s o c i a t io n s  t h a t  w ould  a l lo w  a t  l e a s t  some o f  th e  a c t i v i t y  

to  r e d i s t r i b u t e  i n  th e  lo w er m o le c u la r  w e ig h t ra n g e .

The l a r g e s t  p o r t io n  o f  th e  th y r o t r o p ic  and g o n a d o tro p ic  

p r i n c i p l e s  was n o t  c e n te r e d  u n d e r any one t o t a l  p r o t e i n  p eak . 

I f  th e s e  two f a c t o r s  w ere  r e p r e s e n te d  in  one peak  t h a t  was 

d iv id e d ,  p a r t i a l l y  i n  f r a c t i o n  IV and  p a r t i a l l y  in  f r a c t i o n  

V, t h e i r  c o n t r ib u t io n  to  th e  t o t a l  p r o t e in  was s l i g h t  w hich  

in d i c a t e s  t h a t  m ost o f  th e  t o t a l  p r o t e i n  a s s o c ia te d  w ith  

th e s e  f a c t o r s  was " i n e r t "  i n  r e s p e c t  to  th e s e  f u n c t io n s .

S in ce  m ost o f  th e  t h y r o t r o p i c  p r i n c i p l e  em erged w ith  

th e  g o n a d o tro p in  p r i n c i p l e  i n  th e  a l k a l i n e  g e l  f i l t r a t i o n ,  

a  p re l im in a ry  ru n  a t  one pH and  a second  ru n  a t  th e  o th e r  

sh o u ld  enhance t h e i r  s e p a r a t io n .  One sh o u ld  be a b le  to  

p re p a re  th e s e  two f a c t o r s  w i th  " p r a c t i c a l "  g ra d e s  o f  p u r i t y  

u s in g  th e  two g e l  f i l t r a t i o n  pH system s in  c o m b in a tio n . 

Mammalian th y r o t r o p ic  p r e p a r a t io n s

The r e s u l t s  r e p o r t e d  above in d i c a t e  t h a t  TSH-USP and 

th e  d e r iv e d  p r e p a r a t io n s  a c t  d i r e c t l y  on th e  th y r o id .  HTF, 

a  d e r iv e d  th y r o t r o p ic  f a c t o r ,  h ad  p o w e rfu l th y r o id  s t im u -
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l a t i n g  p r o p e r t i e s  in  th e  s ta r v e d  t r o u t  a s s a y  (M. F o n ta in e  

and  Y. A. F o n ta in e , 1956) b u t  l i t t l e  o r  no a c t io n  on mammals. 

A lth o u g h  th e  t r o u t  a s s a y s  w ere done on f i s h  i n  a  s t a t e  o f  

h y p o p i tu i t a r i s m  and p h y s io lo g ic a l  h y p o th y ro id ism , th e y  w ere 

i n t a c t  and  th e  p o s s i b i l i t y  o f  i n d i r e c t  s t im u la t io n  th ro u g h  

th e  a c t io n  o f  a  t h y r o t r o p ic  r e l e a s i n g  f a c t o r  c o u ld  n o t  be  

e x c lu d e d .

The re s p o n se  to  th e  r e f e r e n c e  TSH-USP was o f  th e  e x ­

p e c te d  o rd e r  ( P ic k f o rd ,  1 9 5 4 ). On th e  o th e r  h a n d , hypophy­

se c to m iz e d  k i l l i f i s h  w ere  r e l a t i v e l y  l e s s  r e s p o n s iv e  to  th e  

d e r iv e d  b o v in e  TSH and  HTF (a b o u t 10 tim e s  low er) th a n  t r o u t .  

I n  t h i s  r e s p e c t  th e  k i l l i f i s h ' s  re s p o n s e  to  HTF m ore n e a r ly  

re se m b le d  th e  low re s p o n se  o f  th e  m ouse. I t  seems l i k e l y ,  

t h e r e f o r e ,  t h a t  in  th e  HTF a s s a y  in v o lv in g  s ta r v e d  t r o u t  

o th e r  i n d i r e c t  e n d o c r in e  pathw ays a r e  b ro u g h t in to  p la y . 

F o n ta in e  h a s  su g g e s te d  t h a t  HTF h a s  F S H -lik e  p r o p e r t i e s  

(F o n ta in e  and  B urzaw a-G erard , 1 9 6 7 ).
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